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1. INTRODUCTION

1.1

PURPOSE OF REDEO

The primary objective of the REDEO tool is to provide planners of rural electrification with
a set of flexible and computerized planning tools for integrating sustainable, off-grid
distributed generation options in the planning process, at a provincial scale. The REDEO
methodology takes various socio-economic development factors such as education,
health, accessibility etc. into account when identifying areas with a high potential for
development. Once these areas are identified, they are clustered with the remaining
areas with a lower potential for development.

Power demand and peak is then forecasted per cluster and the cost of various production
options worked out. Power resources are then deployed per cluster instead of small,
isolated villages. The user can then compare the life cycle kWh cost of the various
production options based on which he can decide which would be the best scenario for
electricity service provision in the Province.

1.2 THE REDEO TOOL

The REDEO tool is an add-on to the Geographical Information System (GIS) Manifold
6.0® system and provides the user with a number of buttons to enhance the basic
functions already performed by Manifold® and provide the facility to generate
electrification scenarios in a particular area based on the data input into the tool.

This is done with several indicators such as accessibility, population, development
potential etc. provided as input data to the tool. lts novelty is to produce results not only in
table form, but also in the form of easy to visualize maps.

1.3 TECHNICAL CHOICES AND SYSTEM REQUIREMENTS

1.3.1

TECHNICAL CHOICES

The first choice to be made was the one of the GIS platform to be used. Specially, it was possible
to select the ArcView GIS, which is the most used GIS in the academic world, but that is also a
very expensive software, or to choose another GIS tool. This second option was finally chosen,
and the Manifold GIS was chosen for the following reasons :

Manifold is available at a very low price for a non academic use, and this is a necessary
condition for the dissemination of the Redeo tool

Manifold includes all of the required geographical functionalities required by the technical and
economical calculation routines used by the Redeo methodology

Manifold uses no specific data structure or data format, and is fully compatible with the
standard geographical input data. Specially, ArcView data structure can be easily imported
inside Redeo.

€D
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Then, there were two different possible design for the tool. On one hand the tool's modules could
have been developed in an external environment using Manifold libraries. This approach allows
the use of advanced programming tools, dedicated to development like debugger and tracer. But
it leads to a tool split in several parts and some problem may occur for computer low skilled end
users due to the management of the interactions between Manifold and the modules and
because of necessary modifications in the windows registry base.

On the other hand, the REDEO tool modules can be developed inside the Manifold environment
and operating as an add-on. This allows an integrated solution, a better ease of implementation
and flexibility for possible future developments. Although this second method implies a low code
writing support and minimal development tool and environment, it has been selected in order to
facilitate the tool dissemination, by minimizing the interactions between the tool and the operating

system.

The inside tool organisation is described on the figure below :

Manifold manages GIS data
Input data
Output data
Screen Display

and

REDEO Tools Menu

Script engine manages REDE®ehaviour

Interfaces use

T 1

Computing done in VBScript

T 3

VBScript engine

(Spatial) SQL
Queries

figure 4:Technical Structure

1.3.2 SOFTWARE REQUIREMENTS

As REDEO tool is based on a geographical information systems - Manifold, the REDEO software
requirements are linked to the ones of Manifold, namely :

e REDEO better runs on Win XP, and does not support NT, 9x or Me.

e REDEO requires Microsoft .NET Framework 1.1. (that is a free extension of Windows XP)

e REDEO requires Microsoft Internet Explorer 5.01 (but you may use whatever browser

you like)

I€D |ED - Innovation Energie Développement
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1.3.3 HARDWARE REQUIREMENTS

The hardware requirements are also the ones of the GIS tool too but they can vary considerably

depending on the size and on the level of detail of the study case area. The minimal configuration
should be :

e CPU : 500Mhz PIIl or Athlon
e RAM:512MB

e Disk:50 GB

e GPU : Any NVidia

But this minimal configuration may lead to a slow computation and very low size limits concerning
the studied areas. An optimal configuration is :

e CPU:2.4 Ghz Athlon
e RAM:1GB

e Disk: 100 GB

e GPU : Any Nvidia

1.4 CONTENT OF THIS USER GUIDE

The purpose of this user guide is to explain the functions of all the capabilities of the
REDEO tool in a systematic manner. The REDEO tool is modular in nature and for each
module in the planning process; there is a button in the REDEO toolbar.

File Wiew Tools Help
THE REDEO el ?
TOOLBAR B (=8 ™ (28GR (B (W

=T e

- 2] 1 - GIS Data Background

@ ----- [1‘| Z - Catalogues and parameters
- [0 3 - Data Results

------- [C 4 - Scenarios

IB ----- [C7 INTERHAL COMPOMENTS

S New impots Aparna

|| '{-:.'

This user guide explains the operation of each button.

1.4.1 INPUT DATA'

The data input by the user is in the form of maps and tables. The following information is
needed:

! Details regarding each and map and table to be imported into the tool follow in section 2.
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- Data about existing and potential power resources such as hydro, biomass,
main grid lines and substations. This includes location, production
specifications and costs.

- Data about each locality including the development infrastructure

- Load forecasting parameters- peak, specific consumption, location of load
point (if relevant), penetration rate.

- Population growth rates
- Diesel fuel costs

- Electricity transmission and distribution costs

1.4.2 OUTPUT DATA
The data output by the tool is in the form of maps and tables. The outputs produced are
as follows:
- A map showing the initial infrastructure present in the region
~ Maps of the clusters, CHPD? and OL.
- A map, graph and table showing a summary of the load forecast table
- Summary map and tables of the production options

- Map of the electrification scenarios created showing the connected clusters
and the activated/deactivated resources in the region

- Analysis table of the impact on environment and development of a selected
production option.

1.5 THE REDEO TOOLBAR

m New Redeo Project

. Data input mProduction potions
Clustering Scenario creation
Load forecast EResults

=

? A CHPD is a Center with a high potential for development and an OL is an Other Locality. (Ie.- a locality
that is not a CHPD).
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The order of execution needs 1. LOADING DATA
to be as shown in this
flowchart.

Each subsequent step relies
on data in the phases prior to it
and cannot be completed
successfully if the order is not
followed.

It is possible to review earlier
stages of the process at any
time though.

For example, the load forecast 3. LOAD FORECASTING
could be revised after '

production options have been
selected.

4. PRODUCTION OPTIONS

5. SCENARIO CREATION

6. RESULTS
Economic and Financial
indicators

Clustering consists in aggregating the localities of a given province into clusters,
which are actually synergetic development areas. This then has the advantage of
reducing the number of points for which one has to undertake the load forecast
and analyze options for providing an energy service. A cluster is composed of
Center with High Potential for Development (CHPD) and its “satellites” or
Ordinary Localities (OL). Those localities which are not included in the clusters
are excluded from the analysis: these are isolated centers which will be supplied
either through stand alone diesel, Pico / micro hydro or PV;

Load is then forecasted over a 25-year period by 5-year steps, for each cluster
and by consumer category. Both peak load and energy are forecasted.

The wuser inputs available information on hydro potential sites, biomass
availability, HV lines and substations as potential source points (candidate
production options)

In the scenarios module, the REDEO software then deploys MV lines to connect
these sources to load centers (the clusters), computing the average life cycle cost
of the delivered kWh. For those remaining clusters, the energy production mode
will be diesel. The software then works out whether the least cost would be stand

€D
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alone diesel for a single cluster or whether it would be cheaper to connect more
than one cluster to a larger generating unit.

e The results module then produces for each one of the selected projects (°) a set
of economic, financial and socio economic indicators.

1.6 REDEO VERSION

e The version of the tool related in this user guide is REDEO 2.9 .

3 - A project is defined as a combination between a generation unit and load points.
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2. THE PROJECT PANE

Before the tool can be used, a manifold file with the necessary data preloaded into it needs to be
opened. As the REDEO tool is just a plug-in, it shall be visible in the main manifold window. If it is
not visible, it can be selected by clicking on Tools-> Add-ins and then selecting the six REDEO
toolbar buttons. If they are not available, then click on Tools-> Add-Ins -> Add-In Manager and
select Custom. The REDEO toolbar should now be displayed.

The project folders can be viewed in the Project pane. If this pane is not visible, it can be viewed

by pressing Alt+Shift+P.

dia ] - Manifold Sy

The project pane

8

There are two folders in which the data needs to be preloaded by the user:
The GIS Data Background folder

Data Catalogs folder

2.1

GIS DATA BACKGROUND FOLDER

All the information on the studied area available for analysis has to be loaded in this

folder. In addition, maps with information about political boundaries, railroads, rivers etc.
that would be convenient to have when visualizing scenarios can also be stored in this
folder.

The following points need to be kept in mind when adding data to this section:

Manifold® drawing layers with associated tables for each layer are needed by the
tool.

The type (i.e.- Boolean, integer....) is important and must be kept in mind when
adding data to the tables. If data about a required field is not available, the column
should still be added, and then the values can be input as zeros /blank spaces.

The names of the folders should be the same as those specified below. Changing the
name of the layers or folders in which they are shall cause errors in the calculation
process.

It is possible to add extra components such as maps of rivers, political boundaries
etc. that are not needed by the REDEO tool. In order to keep things neat and
manageable, it is suggested that these files be stored in the optional layers subfolder

IED |ED — Innovation Energie Développement 11/63
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of the GIS Data Background folder. They can be viewed either by double clicking on
them or by dragging and dropping the icon for the drawing in the project pane onto
the current map on display by the tool.

e The possibility of adding extra data in the tables associated with each map also exists
and this could be helpful if the REDEO tool is also being used as a database.

What follows in this section is a detailed explanation of each component that has to be
added to the GIS Data Background folder. All components consist of drawings. Each
manifold drawing has a table associated with it. The tables need to have certain fields
required by the REDEO tool. These fields are explained in the sections about each table.

Additional
background layers
than can be imported
by the user.

2.1.1 LOCALITIES

B | X %
= 1 - GI5 Data Background
- |:| Needed layers
e
&
&
-
!._n...
(= |:| Optlenel lavers
\ [ Bdministrative boundaries
| : 153 et Background 1
\\A 153 et Background 2
: 153 et Background 3
o Road nebwork,
F-- ] 2 - Catalogues and parareters
F- ] 3 - Data Resulks
] 4 - Seenatios
[E D IMTERMAL COMPOMENTS
i <[] Mew impats Aparna
Drawing 19 objects
Local,

This is one of the most important tables in the REDEO tool. The data about each locality
in the area being analyzed by the tool is input in this section. The following data is
required as a minimum, but other information can also be subsequently inputted by hand,
if they are not available in the statistical database but available only as a result of a

survey.

I€D |ED - Innovation Energie Développement
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FIELD MANIFOLD NAME TYPE UNIT
Name of the Locality LOCALITY_NAME ANslgr:’gatrr']ab'e Text
Number of households in the . Number of
locality HHold Integer, 32 bit households
Total population Pop Integer, 32 bit Number of people
Health facilities HF double A, weighting
system
. . Refer to Appendix
Education facilities EF Floating point, A, weighting
double
system
- . . . Refer to Appendix
Presence of an Administrative AC Floating point, A, weighting
center double
system
Floatina point Refer to Appendix
Number of people having a job Emp 9 point, A, weighting
double
system
Floatina point Refer to Appendix
Presence of a road Road 9 point, A, weighting
double
system
Presence or not of health facilities Floating point, Refer to Appendix
in the next five years FHF double A, weighting
system
Presence or not of education Floating point, Refer to Appe ndix
facilities in the next five years FEF double A, weighting
system
- . . . Refer to Appendix
Presenge of an admlmlstratlve FAS Floating point, A, weighting
center in the 5 coming years double
system
. C . . Refer to Appendix
Number of peoplg having a job in FEmp Floating point, A, weighting
the next five years double
system
. . . . Refer to Appendix
Presence of a road in the next five FRoad Floating point, A, weighting
years double
system

It is suggested that the values entered in this table use a weighting system. For example, the
roads data could be entered as 0.1 or a small path and 1 for a highway. In order to ensure equal
weights of all the resources when calculating the potential for development in an area, it should
be ensured that the weighting systems for all the fields in the table are similar. If roads range from
0 to 1, then the values for education facilities should also range from 0 to 1.

13/63
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2.1.2 POWER SOURCE FROM THE EXISTING NETWORK
A map with the existing network with the substations in the region that can be used to
supply power from the main grid line; of course, if there is a network just outside the
boundaries of the Province with a possible substation, it should also be represented.
The table associated with this map should have the following fields:
FIELD MANIFOLD NAME TYPE UNIT
Name and rating Name ASCI, variable Text
length
. . Floating point, 4
Capacity Available_Power double kW (%)
Cost of available Floating point,
Energy cost power double $/kWh
Indicator whether the
site is con_S|dered.|n the Marker Boolean N/A
scenario creation
function
There are no HV or transmission costs associated to the rural electrification projects.
However, the line cost from the Substation (exiting and hence also not added on to the
project costs) to the cluster are included. In most cases, this would be 33 or 22kV lines.
Transformer costs are not taken into account as we assume that the cost of a step down
transformer from an incoming grid would be approximately the same as that of a step up
transformer from a local production source. MV and LV cost of lines will be the same for
all production options within a cluster.
2.1.3 BIOMASS POTENTIAL

A map of potential biomass sites in the region. The assumption here is that the
knowledge of planners regarding potential of biomass (be it crop residues or dedicated
energy crops) for bio-electricity production is very low. Hence, the GIS background folder
just requires for the user to fill in the biomass available. This could either be the plantation
in terms of tonnes of crop per annum or tonns of residue per annum as well as the type of
crop / residue.

Should the user want to add a residue / crop, this will have to be added on to the
catalogue .

% _ to be changed subsequently to kVA

IED |ED — Innovation Energie Développement 14/63
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FIELD MANIFOLD NAME TYPE UNIT
Name — from the drop
Name _retgi%igf crop/ | Gown menu of the ASCI Text
catalogue table
Total annual crop Floating point,
production Total_Annual_Crop single Tons/year
Total annual residue . Floating point,
available Total_Annual_residue single Tons / year
Indicator whether the
site is con'S|deredl|n Marker Boolean N/A
the scenario creation
function

A simplification for this prototype version is that the energy is produced constantly over the year —
which is not necessarily the case — as there is a seasonality of residues at least. Considering only
what biomass can guarantee in terms of capacity over the year leads probably to under sizing, as
it may be worth it for some months in the year to have diesel backing up the low biomass
availability.

2.1.4 HYDRO POTENTIAL

A map of potential hydro sites in the region. The table associated with this map should
have the following fields:

MANIFOLD TYPE
FIELD NAME UNIT
Name Name ASCI Text
Available energy Energy Integer, 32 bit KWh/y
Available power
guaranteed capacity over Power Integer, 32 bit kW
the year
Investment cost Investment Integer, 32 bit usD
Operation and OM Floating point, % Investment cost /
Maintenance cost single yr
Indicator whether the site
IS consm_jered n the Marker Boolean N/A
scenario creation
function

In the case of hydro, the investment cost has to be inputted by the user for each site, as it is
extremely site specific. If feasibility or identification studies are unavailable, assumptions should
be made. The same remark applies to hydro as for biomass, as regards the seasonality effect.

15/63
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2.2 DATA CATALOGUES

The data catalogs are tables that contain information about the various power generation
options, load forecast etc. They could be reused for other Provinces and in any case contain
default values. The user can change and adapt them to the specific country / regional context
he is working on.

The data in this folder can be modified using the Data Input button in the REDEO tool and
therefore, it is not necessary to preload data into this folder. If the REDEO tool is also being
used as a Database, then it might be necessary to input data directly into this folder. An
explanation of the data contained in each component follows.

oa ! b EmE- X -t

- |21 1 - GIS Data Background

= 2] & - Catalogues and parameters

- [& Biomass catalogue
- Clustering weighting swstem
- [ Diesel fuel parameters
[ Diesel parameters
{ Load forecasting parameters
e Population growth parameters

Scenarios analysis

- 2] 3 - Data Results

- 2] 4 - Scenarios

[ |:| IMNTERNAL COMPOMEMTS

2.2.1 CLUSTERING WEIGHTING SYSTEM: DETERMINING THE INDICE FOR POTENTIAL
DEVELOPMENT (IPD)

The data in this table is used to calculate the Indice of Potential for Development (IPD).
There are two levels of indices needed to calculate this:

e The weights given to each factor in the IPD calculation are stored in a table. The
data in this table can be edited by the user in the data entry section of the tool.

1D |ED - Innovation Energie Développement 16/63
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| Data Management 2 - Weight IPD =JIoEd
‘wigights setting : !Defaut 5 Add ! Save |

Health facilities o
E ducational facilities T
Employment ﬁ—
Access Road 1-1—_
Future Health Facilities {E'_'
Future E ducational Facilitie iul:r—-

Future Emplayment

i]
Future Foad Access 10

Calculate IPD warning: The values
R uzed in the calculation are Cloze
the displayed ones

Cuztamize the IPD calculation criteria |

Within some categories, such as hospitals, there are different levels of services:
hospital with operating facilities, rural clinic, ... : a weight of 0 to 1 is given at this

point (°).
The option of customizing the IPD calculation is there and additional criteria can be
added into this menu

2.2.2 LOAD FORECASTING PARAMETERS

This table holds the load forecast information and can be edited from the data input
menu if the tool. Refer to section 3.4.For each consumer category (in the localities
table), it contains energy consumption per year, peak, growth rate per 5 year steps,
and the penetration rate (% of total numbers of a consumer category connected) per

5 year step;

> - Please note that this rating is used both for IPD calculation and load forecasting.

17/63
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FIELD DATA TYPE UNIT

CHPD/OL consumption by Floating point,

household or shop double kWh/year/household or shop

CHPD/OL Contribution to peak | Floating point,

by household or shop double kW / household or shop

Floating point, | percentage (between 0 and

CHPD/OL/shop Penetration rate double 1)

Floating point,
Average number of small shops Number of shops

by 100 HH double
Floating point, .
Hospital double kWh/year/hospital
Floating point,
Hospital double kW/year/hospital
. Floating point, | percentage (between 0 and
Hospital

double 1)

As can be seen from the above table, numbers of consumer type can be either as a function of
the number of households or an absolute number.

Consumer categories can be added — see section 3.4.

2.2.3 DIESEL GENSET GENERATION PARAMETERS

Regarding diesel generation, the REDEOQO tool automatically sizes the required generator (both in
terms of energy and capacity required, based on the energy demand and peak load of the
clusters) and then calculates the investment cost and fuel consumption based on:

- Investment cost ($) = A + B*(capacity needed)
- Efficiency of power production (number of kWh per liter of diesel)
- The tool needs the following parameters about diesel.

The user then inputs the current price of diesel and his estimates for evolution over the next 25
years ($/liter).

1D |ED - Innovation Energie Développement 18/63
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PARAMETER TYPE UNIT
Operation and Maintenance cost Floating point, single USD/year
Lifetime Floating point, single Years
Diesel fixed cost (A) Floating point, single usD
Diesel variable cost (B) Floating point, single USD/kW
- 6 . . . kWh/liter
Efficiency (°) Floating point, single of diesel

2.2.4 LINE AND SUBSTIONS / TRANSFORMERS

As explained in the above section, the only data that needs to be inputted at this point is:
e The cost of 1 m of MV lines

e The discount rate which is required to calculate the average life cycle cost of kWh for
the different generation options

All other economic parameters will be inputted at the stage of results generation by the tool
(see section 3).

2.2.5 BIOMASS CATALOGUE

Similarly to the diesel catalogue, the biomass catalogue stores information about the
attributes of possible biomass generators. Refer to section 3.2 and 3.3 for details about
entering data into these fields. Any additional data that needs to be stored about the
generator should be input by the user directly into the tables.

6 - Should vary depending on the size of the genset — in the second version
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FIELD MANIFOLD NAME TYPE UNIT
Generator Name: type of crop / ASCI, Variable
residue NomID Length Number of people

Floating point,

Minimum crop production MinTotalCrop . Tons
single
Maximum crop production MaxTotalCrop Floa:ir:]%lgomt, Tons
Ratio of residue available per ton Y
of crop production °
Investment cost Cout_Ini Floatllng point, USD / kW
single
Operation and Maintenance cost Cout_OM Floa:irr%gomt, USD/year/kW
Biomass fuel cost Fuel_Cost Integer, 16 bit USD / tonne
Electricity produced per ton of Electricity_Crop Floating point, KWh/Ton

residue

single

Ratio of energy generated to
capacity (load factor) in number of
hours utilization per year (*).

Hours / year

2.3 IMPORTING AND CHECKING DATA

Data can be imported into the project using the New Redeo Project button on the REDEO

toolbar. Iﬂ On clicking this button a menu is displayed for importing new layers into the
project. This function imports, checks, renames, deletes and displays the layers that are

present.

7 Seasonality effect for the next version

I€D |ED - Innovation Energie Développement
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|Prepare data E@ el

Impart data Chesktanis Check all layers

Cloze
Delete-a layer Rename: a layer
Dizplap Map

CLICE. OM 'IMPORT DATA' TO START IMPORTING

IT15 STROMGLY RECOMMENDED THAT ALL LAYERS AMD TABLE BE CHECKED
BEFORE FROCEEDING &MY FURTHER.

T&BLES CAM WOT BE CHECEED UMTIL ALL THE REQUIRED LAYERS ARE PRESENT.

Note: The check all layer and check all tables buttons only check the required layers.
Required layers consist of the minimum data set that is required for the analysis to be
carried out by the tool.

2.4 IMPORT DATA

Clicking on the Import data button shows a menu that gives the user two options:
- Importing a component from a saved manifold .MAP file
- Importing a GIS file.
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2.4.1 IMPORTING A COMPONENT FROM A MANIFOLD FILE
@] mportC
Enter the component namme bo import
Ok |
Cloze
Enter the component name and click ok. If an invalid component name is entered and
error message shall be displayed and nothing will be imported.
@ mportC .
Click here to
select a
Chooze a laver name /preloaded
name
| OR
Imipairt nn:nwl Enter a
new
layer
Cloze ame
here
- Select a name for the component to be imported.
Quvrir
Regarder dars : |';jCambodia i\'] 0 ¥ [0 (L
L '_-@pictures »_é‘]cost analysis, hkm
It "3 @‘]1 o onily hikm &]diesels htm
Mes dacuments ‘1.41 cambodia.map documentl
iéeents "' 1.41 jun 14.map &]everything.htr
= :@2 s oy htm -;ﬁfinal one.htm
& @4 s only . htm @just heydro.hkm
Etroai @j 115 after byedro.htm @Iocalities table. s
‘0501 18 Kampong Speu_pierrick.map ‘Redeo 1.12 Cambodia Data.map
‘Cambodia_datacomplete.map ‘Redeo 1[1].17 cambodia .map
;J Cambodia_implementationOFRedeo.doc 'Redeo 1[1].17 recent_cambodia .map
i aocuments Cambodia_implementationOFRedeo_doc.1 @REDEO cambodia cost analysis. xls
Cambodia_implementation2fRedeo_doc.2 @stung sava slapp.xls
E Cambodia_implementationfReden_doc.3
g’ <] | 2
Poste de travail ;
Mam du fichier ; | [ | [ Duwrir ]
Q Fichierz de tppe : | I\L] [ Anruler ]
R lléseau [T Ouwric en lecture seule
- Select a file form your computer to import
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Caution: Only .map files can be selected; otherwise an error message shall be
displayed.

2.4.2 IMPORTING OTHER GIS DATA

GIS data can be imported by clicking on the ‘Import GIS Data’ button. A window asking
the user to select a name for the layer to be imported is displayed.

& ImportC

Chooze a laver name

7

|mport zelected
componenk

Cloze |

After selecting a name, select a component to import from your computer. All imported
components are stored in the ‘needed layers’ folder of the GIS Data Background folder

2.5 CHEKING COMPONENTS

2.5.1 CHECKING LAYERS

It is important to check that all the necessary layers have been imported by clicking on the
‘Check Layers’ button after you have imported all the layers. Absent and present layers are
displayed in the window.
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|Prepare data g@ x

Import data Cheokitable Check all layers

Close
Delete a layer Rename: a layer
Dizplap Map
Layers present Layers abzent
Biomaszz potential sites Table Biomass potential sitez

Hw /hdY Substations

H A Substations T able
Huydro potential sitez
Hydro patential zites T able
Localities

Localities Table

2.5.2 CHECKING TABLES

Tables can only be checked once the layers have been checked and all the layers are
present.
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&t Prepare data Q@

Import data Check tables Check all layers
: |
Close
Delete a layer Rename: a layer
Dizplap Map

Mizzing Columns

Incommect columns

Far the Column: ‘Power' in Table 'Hydro patential sites Table' the type should bet Integer [3
For the Column: 'HF' in Table 'Localities Table' the type should be: Floating point [double]

Far the Colurmn: 'Emp’ in Table ‘Localities T able' the type should be: Floating point [double]
For the Column; 'Road' in Table 'Localities T able’ the ype should be: Floating paint [double
Far the Caolurmn: 'FAS' in Table 'Localities Table' the tupe should be: Floating point [double]
Far the Colurmn: 'FEmp' in Table ‘Localitiez T able' the twpe should be: - Floating point [double
For the Column: 'FRoad' in Table 'Localities Table' the tppe should be: Floating point [doubl
Far the Colurnn: ‘ALC" in Table 'Localities Table' the type should be: Floating point [double]

2.5.3 DISPLAY MAP

This function displays a basic map with all the layers in the GIS Data Background folder.
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H| 4| ¥ M| Background 3}.{Backgmund EKBackgrDund 1J,{H"-".-"M"-!' Sul:ustatiu:unsj{EHisting_and planned griu:lJ,-{H_l,u:In:u pote
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3. DATAINPUT

The data input feature allows the user to change all the numerical data input values. The
possibility of changing geographical data does not exist.

(&1 Data Management 1 - Main

Edit IPD Drata

Edit Load Forecast
[rata

Edit Biomasz Catalog

Edit Diesels Data

Edit Fuel Cast Drata

E dit Ezonarmic
iffarmation

Export atable |

Cloze

3.1 EDITIPD DATA

By taking several indicators such as population, education and health facilities,
employment and road access as inputs, the tool computes the “Index of Potential for
Development” (IPD) for each locality.

IPD Definition

The Index for Potential for Development (IPD), is based on the Human Development Index
(HDI).

The human Development index is composed by three indicators:
- A health indicator: life expectancy

- An education indicator: composed of literacy rate and rate of children going to
school

- An economical indicator: GDP per inhabitant.
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For each of these three indicators, a number between 0 and 1 is given; such the repartition
of the values taken by each country is correct and occupies the whole interval. For
example, for the life expectancy a country gets 1 if its life expectancy is 85 years, it gets 0 if
it is 25 years. The HDI of a country is the arithmetical average of these three indices. The
IPD used in REDEO is adapted from this classical definition and the user has the ability to
change the predefined criteria used in the IPD calculation and add or remove factors
depending on their relevance/importance in the area being studied.

IPD FUNCTION

The IPD is calculated based on the weights entered for each data value in the localities
table. The user can edit the weights of the data entered for the calculation of the IPD for
each locality. These weights should be in proportion to the importance that the factor has
in the development of the area. It is known that for some cases, there is no data present
for certain fields. For example, if no data is present for road access in a particular area,
then the weight for road access should be entered as 0. This shall ensure that road
access shall not be taken into consideration when the IPD is calculated.

It should be noted that the values used in the localities table should be relative to the
importance that particular factor has in the development of the locality, as it will be used
to calculate its IPD®,

| Data Management 2 - Weight IPD E] >3

‘Wweights zetting : ]Defaut N &dd f Save

Health facilities
Educational facilities

Employrriet
Aocezs Road
Future Health Facilities

Future Educational Facilitie

Future Employment

N

Future Boad sccess
Calculate [FD “Warhing: The values
values uzed in the calculation are Cloze
the displayed ones

Cuztomize the IPD calculation criteria |

3.1.2 FORMULA FOR IPD CALCULATION

The tool calculates the IPD by multiplying the data for each field entered in the dialog
shown above, with the value loaded into he database for that particular factor.

Then a Potential for Development will be computed for each locality based on the
following formula: PD(i)=SUM(W(i,j)*IPD(i,j)), where:

¥ Refer to Appendix A for details on the weighting system that should be used in the Localities Table
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o “I” represents the locality
o " represents the IPD
o W(i,) is the weight of the IPD j in the weighting system
o IPD (i,j) is the value of the IPD j for the locality |
The results will be saved in a column “PDev” of the Localities Table.
3.1.3 HAVING MULTIPLE WEIGHTING SYSTEMS FOR IPD CALCULATION
Multiple models of weight settings can be set by clicking on the Add/Save button after
changing the name and attributes of the weight setting. The IPD calculated by the tool
shall be that of the weight setting that is displayed when the ‘Process IPD’ button is

clicked. Upon completion of the calculation, a message stating that the calculation had
been done shall be displayed.

3.1.4 CUSTOMIZING THE IPD CALCULATION

Clicking on “Customize the IPD calculation criteria” opens a new menu.

%Data Management 6 - Custom IPD | - [0/

Ywieights setting_!.: |Defaut B

Chooze a Dategnr_l,l.:ilndustrial conzumption

Enter a weight: 11 5 S

Categon name wieight
FPop i}
healthtype 1
|nduztrial conzurnption 1.5

Clear dizplay Save weighting
zpztem
Calculate (PR =
values [uit=)

The sequence of steps to follow is:
- Input a weight setting that you would like to use

- Choose a category from the menu. The categories available for selection in the
menu are all the columns present in the localities table.

- Enter a weight for the selected category
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- Click on the “Add selected category and weight to weighting system” so that it
is displayed in the interface

- Clicking on “Save Weighting system” saved the weighting system in the tool
- The IPD can be calculated with or without saving the data

- Clicking on clear only clears the display and no changes are made to the
previously stored data.

- To change the weight of a category, select the category from the “Choose a
category” menu and then input the desired weight. Clicking on “Add selected
category and weight to weighting system” shall update the display.

3.2 EDIT LOAD FORECAST DATA

The data used to calculate the load forecast can be changed by the user.

Follow = the &1 oad Forecast 3~ interface
instructions to
view and edit [ —— I >
the data in this

table. Categorny hams:

Select a cateqory name to proceed

Parameter name:

Parameter Linit

Year 1 |
Enter a growth rate inztead

Tear b I of absolute values

Year 10 |

YYear 15 I

Tear 200 |—

“Year 25 I

I ate &dd new categary Cloge |

The user can edit the data in this table. Once a category name has been selected, select
a parameter name. Edit the information about the parameter and click ‘update’. The
values are not saved unless and until the update button is clicked.
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3.2.1 USING A CONSTANT GROWTH RATE

Instead of manually entering the values for a particular parameter, the growth rate can be
entered for a particular parameter by selecting ‘enter a growth rate instead of specific
values’. On clicking this button, an additional text box is displayed to input the growth rate
along with a ‘calc’ button to calculate the result based on the inputted growth rate.

% Load Forecast 3 - Interface =Joks

Select a category name to proceed

Categorny name:

Parameter name;

Pararneter Lnit

Year 1 I
éEnter a groveth rate instead
Tear b I of absolute values ;
Year 10 | Enrter rate :
Year 15 I o.oo
Year 20 |‘_"
Calc |

Year 25 i

| Jmdate | Add new category Close |

First, enter the year 1 value and the growth rate. Click ‘Calculate’. The display is now
updated. The rate is a percentage between 0 and 1. An updated sample dialog is shown
below.
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| Load Forecast 3 - Interface E@ x

You can now edit data

Categaony nanme: IEH FO %

Farameter name: iSpecific energy consumption 5

Parameter | nit ikWh.-" wear/shop

Year 1 200

Enter a growth rate ingtead

Tear b g0 of abzolute values

Year 10 i?ED Enter rate ;
“ear 15 R4 nz
Year 20

1036.3

Year 25 124416

i

IIpdate Add new category

3.2.2 ADDING A NEW CATEGORY

New categories can be added in the load forecast calculations by clicking on Add new
Category. A new dialog (shown below) is then displayed.
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] Load Forecast 4 - Add new

-,

M9 f=l| X

Every category that is added can

either be dependent or
independent of the number of
households in the area. If it
depends on the number of
households, then the number of
households per unit is a
parameter.

> [+ Category depends on number of houzehalds

Pararneter narme: | 0Pecific energy consumption

Parareter Lnit Inuml:.er of units

Select category type and a parameter

Add a new column in the lozalities database I

Chooze an existing categons from the localities database

1healtht_l,lpe b

s

Contrbution to peak,
Penetration rate
Byerage humber of units per 100 HH

Year 1 ;
Erter a growth rate inztead

of abzalute values
Year b

Year 10

Year 15

Year 20

Year 25

1111

|lpdate load forecast parameters | Cloze

The sequence of steps that need to be followed are similar to that in the initial load forecast

dialog.

- Choose an existing category from the localities table. If a new category (such as a
large industry) has to be added then click on the “Add a new column in the localities

database” button.

- Select whether the category depends on the number of households in the area or

not.

- Click on a parameter name and enter the load forecast values wither by inputting a
rate and the value for year 1 or by putting in specific values for all years.

- Click on ‘update’ after inputting the values for a parameter.

- Note: the update button has to be clicked for EACH parameter in a given category.

3.2.3 ADDING A NEW COLUMN IN THE LOCALITIES DATABASE

If a category does not depend upon a particular column in the localities database, then a new
column can be added to the localities table. For example, this could be necessary if a particular
load point such as an industry has to be added. On clicking on this button, the following interface

is displayed:
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E Load Forecast 5 - Add new col E@ e

Enter data for load parameters

— Enter a cateqary name JLarge industiies
If a location is not

pertinent, then
please select
<none> from the
menu.

p Categom location i.ﬁ.ekakF‘heap

[T Categon depends on number of houzeholds

Parameter name: | Specific snergy consumption
Contrbution to peak,
Peretration rate

Pararneter Uit ikWh,.-’_l,lear.-'unit

Year 10000
Enter a growth rate instead
Pagr B 15000 of abzolute values
Enter rate ;
Year 10 |22500
&

Year 15 33780

Year 20 ROEZ5

Calculate

AN

Year 25 (709375

|Jpdate load forecast parameters ‘ Cloze

The rest of the functions in this dialog are the same as those in the other load
forecast interfaces shown above.

3.3 EDIT BIOMASS CATALOG

This function allows the user to edit the data catalog for the biomass.
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#] Data Management 3 - Biomass Generators E] 5
E quipment |Sallrice mill K Add /S ave i
Minimum Residue available [T onsdy) ; !D——
Maimurn Residue available [Tansdy] - 198000

Electricity praduction per ton of crop [kiWwhi'tan) ﬁ-ﬁa——

[nitial Cost [$7kW) 11 200
OEM Cost [$A0h) i|:| 003

Reszidus name; |ri|:e gk,

Crop rezidus : Production ratio ]EI,E'I

Cloze

The capacity of the biomass plants is calculated by the tool based on number of hours
availability per year of the biomass. (°) The operation and maintenance costs need to be
input by the user as well as the cost of the biomass fed into the systems (cost of
production or of purchase).

A default catalogue based on existing technologies and generators is available is
provided in the tool. The user can add a new type of generator based on new / local
information available. The type of generator can to be changed. After changing the
attributes of the generator model, clicking add/save shall save the specifications in the
data catalog folder under ‘biomass catalog'.

The facility to have multiple models if provided to the user as it might be possible to have
more than one type of raw material or processing technology in a region. For samples of
biomass generator specifications, refer to appendix B ‘Biomass specifications’.

3.4 EDIT ECONOMIC INFORMATION

This function is used to input the discount rate, cable costs and population growth
parameters in the region. The data that is initially displayed is the data that is currently
stored in the tool. In order to save the edited data it is necessary to click on the update
button.

? - The seasonality effect will be worked into the next version of the tool.
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%1Data Management 5 - Economic |~ | JEY

Investment cost

Dizcount rate [%] f0.09
Cable cost [$/m) 105
CHPD population growth rate (%] 1004

0L population growwth rate (%] s

|lpdate Cloze

3.5 EDIT DIESELS DATA

This function allows the user to edit the data catalog for diesel. Efficiency, Operation and
Maintenance cost, Lifetime and diesel fixed and variable costs can be edited at this point.
The diesel fuel cost is edited in the next module.

The values for A and B in the graph are the slope and y intercept of the diesel graph shown
below. It is necessary to click on the update button to save the results in the data catalog.

A

&

5

— A

0]

t

A B (Slope)

>
Time |(kW)
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‘@lata Management 4 Die... [ J[0ET

Investment cost

& 08 (33000

B: (5% 52

Efficiency (kAL |3

O Ay (3 of inv cost] |0.02

Lifetime [years] |7

IJpdate | Cloze l

As mentioned above, there is a table that displays the fuel cost for 25 years. The cost of
diesel in $/liter has to be input buy the user.

3.6 SAVING A TABLE

Selecting this option exports a selected table into excel.

2] Export g@

Chooze a table to export

Load forecast surmmary B

E wport Cloze

Choose a table to export and click Export. A dialog to select or enter the name of the file
being exported is displayed. Select a file name or enter a new file name for the export. The
table will be exported into selected location as an excel file.
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Ouvrir
Regarder dans : | | exports |1_| @ ? e 1r
2 finked_results xds;
@Luad Farecast summary . xls
Mesz documents @Lucalities tablel.xls
récents @Lucalities kable. xls
Bureau
Mes documents
Foste de travail
Mo du fichier : | |V_I [ Duserir ]
@ Fichiers de type : | Excel Files | [ Aonuer |
i T [T Ooarir en_lﬂgture sELle
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4. CLUSTERING

For a given Province, the already electrified clusters are excluded from the analysis. Those
where more than 30% of localities are electrified come under this definition.

] Clustering 1 - Main (==

Edit [PD zzoning
gyztem and Calculate

IFD

|dentify CHPD:2

Modity CHPD =

Generate Clisters

Madify Clusters

Walidate Clusterz

Save animage LCloge |

4.1

4.2

THE PURPOSE OF CLUSTERING

After calculating the IPD for each locality, the next step in the REDEQO approach is to define
Centers with a High Potential for Development. The user selects the number of IPDs that
should be classified as CHPDs. Areas that are not classified as CHPDs and called OLs
(Other Localities). In the clustering approach, the OLs surrounding a CHPD are clustered
with it. | this way, when resources are deployed, they are deployed per cluster and not pr
village or locality. This simplifies that planning approach and reduces the total number of
points that have to be connected to the power resource being deployed. For example, if a
given area under analysis has 2000 localities, and the top — say 10% - 200 IPDs are
selected as CHPDs, then after clustering the resources have to be deployed to just 200
villages instead of 2000.

EDIT IPD DATA AND CALCULATE IPD

This step is the same as that explained in the section on data input and need not be
repeated if the IPD has already been calculated.
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4.3 CHPD RULES AND COMPUTING

This option allows the user to define areas as CHPDs. The user can select various criterion
based on which areas are classified as CHPDs.

r@ Clustering 2 - CHPD Rules g '3?

CHPD classification rules

Click on a button to generate CHPD s, Eveny selection takes all
previausly selected criteria into consideration when generating
CHFE s Click on confirm to save the changes and generate

: mapz and result kables, :

AllCHPD = must have at least (500 inhabitants

A locality with an adriniztrative centeriz a CHRD

The iEI lozalities with the highest IPDare CHRD =

]There are 424 CHPD = out of & total of 1319 Localities

Caonfirm ‘ R eset Cloze

- Number of inhabitants: The user can select the number of inhabitants a given
locality needs to have in order to be classified as a CHPD.

- Administrative centers: Areas with administrative centers are automatically
classified as CHPDs

- Number of IPDs having the highest CHPD: The input number of localities
having the highest IPD are classified as CHPDs.

Enter the parameter name and then click on the button to classify CHPDs. After selecting one
criterion, a message is displayed stating how many localities have been classified as CHPDs.
The next criterion selected takes only those localities that are already CHPDs into consideration.
Hence, the total number of CHPDs progressively decreases, as the criterion get more and more
specific. To start afresh, click on the Reset button.

Before closing the menu, it is important to confirm the CHPD selection so that maps and table
that are required for further analysis on the selected CHPDs are selected.

4.4 MODIFY CHPD AND OL

The generated CHPDs and OLs can be modified by clicking on an OL to change it to a
CHPD and by clicking on a CHPD to change it to an OL.

The sequence of steps is shown below.
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This function is important as later on, when clusters are generated. An OL is connected
to a CHPD. To generate a cluster the OL connected to it has to be within a given range
from the CHPD. If there are no CHPDs within the given range, then a cluster shall not be
made. If there are OLs that are not connected to a cluster, then they are not considered

in the electrification scenarios module.

4.5 Generate cluster

e The clustering function connects as many OLs as it can to a CHPD, given the
constraint of a maximum distance between the CHPD and the OL.
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e Clusters can be reset using this function.

e Alist of localities that could not be connected to the clusters is displayed at the
end of the cluster generation function.

| Clustering 3 - Cluster

Mawinium distance between CHPD and OL ; ] km

g Straight distance evaluation

Reset Clusters Run Clustering [T ake a while] Close

Map before clustering:

W [Redeo 1[1].17 recent_cambodia *] - Manifold System - [Map Cluster ] 'L;]
F Ble Edt Vew Drawing ook Window Help SR
D=l =~ . ex sleHE sy FEFEC femeepeeR|a-|sads o
ez Gl@aaa@ i «|Ce s e [ olEC: [lE— (WO : o[dsa) #0068 85 FE0P0pe|k o
| WA ER
g
4 ‘ o5 ! f @ X - o
) . =} _]] Data Background |
G ] 115K¥ Lines
-] 115_K¥_connections
® Biomass potential
] Carte Reseaux Scenario
& Districts
i~ Hydro potential
& Localities
® Road network
Testing
(L) Data Catalogues
(2] Data kUM
(L] Data Results
L]
°
°
s 3

] final resul
[ final resulk1
"] results for scenariol
(23] Run DIALOGEG::
(Z2 Run Farm
(23 Run Queries
~ (] SAYES
=¥ 115 then hydro
= 1M only
= 2 i only
= 4w
=¥ Final scenario image
-z Hydro and biomass
= Hydro then 115Ky
-2 Just biomass
-ﬁ Script Bijection =
Drawing 1187 objects
JLocal

Carte OL,

Districts £ Cante CHPD 47

H| 4 »iu}

[ arean) [se]io [ Duplicates [] SE\EEfN[AHDbiecls in 115_kv_cc|w | Attach to o] 10 Obiects in 115_k_cc[ ] pply \

Transverse Mercator 104%22.708' £ 11°20.979' N 1:260000 Replace

Map after clustering with a distance constraint of 5km
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|_ [Redeo 1[1].17 recent_cambodia *] - Manifold System - [Map Cluster ]
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i#-(_]) Data Catalogues
@[] Data RUM

=% D Data Results

)
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@ 115m hydrom diesels

mll Carte CHPD

~# Carte Cluster

mil Carte Diesels

~p Carte Forecast

mil Carte Link Diesels

- Carte OL

{f Carte Reseaux Scenario 1

) R

final scenaria
] Map Cluster
| Map Forecast
P Scenario 1
final scenariol
: Results
o o = 5 o] final result
® o [E] final result
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"\/ o e . R e & (2] Run DIALOGBax
" o y ; [ Run Form
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[oe]

Drawing
Local

| «| »| [ Catte Chuster
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i ADisticts 4 Carte CHPD £ 115 KW cormechion: Af
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4.6 Modify cluster

The user can modify a cluster either by connecting an OL to a cluster or disconnecting an
OL from a cluster.

Connecting an OL to a Cluster

e An OL can be connected to a cluster manually by clicking on the OL first.

e The following message is then displayed:

-,

(X]

-
\lf) Choose the CHPD b connect with

'

e  Clicking on a CHPD then connects the OL to the CHPD.
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Figure 1: Connecting an OL to a cluster

Fr -t

L3
1 } Chonse the CHPD to conneck with

c’/\,

Disconnecting an OL from a cluster

e An OL can be disconnected from a cluster simply by clicking on the OL.

Figure 2: Disconnecting an OL from a cluster

4.7 Validate cluster
Clicking this button allows the user to validate the current cluster settings that have been

generated and/or modified. The un-clustered localities are excluded from the next steps
of the analysis, as they will be considered for isolated electrification.

4.8 SAVE AN IMAGE

An image can be saved within the manifold project in the “Data results” folder or as a .gif
file outside manifold.
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] Save_image

AE]

Select a map to zave

iMap Cluzter

! Save as a manifold
i lawer :

Cave as a jpegsgil file

Cloze

“Map cluster” is saved
as “Map cluster_image”.
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(|

¥

b B - X F

“Save as a manifold layer”

-2 1 - GIS Data Background
1[0 & - Catalogues and parameters

(27 3- Data Results

[F-r

P Cluskers

= Diesel mini-grids connections

P Diesel systems

# Load forecask

P Mew power infrastructures

g 0L - Other localities

Map Cluster_Image

LF Analysis

Map Clusker

‘2] Map Forecast

“o 2] Map Scenario 1

v Hydra sites - Summary

- [ Load Forecast surmmary
s Resulks

-] # - Scenarios

Local,

=27 INTERMAL COMPOMENTS

- (2] Daka RN

- (2] Fun DIALOGED:
- 7] Feun Form

- 7] Fun Queries

f CHPD - Centers with High Pokential For Devel

Select a map to save, and then select where it should be saved. The map shall be saved
as an image in the “Data results” folder. The saved image name is the same as the map

name followed by “ Image”.
Save as _jpeg/qif file

Saves the map as an image in the selected directory. Warning: entering an invalid
extension shall cause an export error. Please input only “JPEG” or “GIF” as extensions.
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5. LOAD FORECAST

This module is used to predict the energy demand in an area for the next 25 years in 5-
year steps

] Load Forecast 1 - Main

Edit Load Forecazt Drata

Bur forecasting

Display Resultz Map

Dizplay Reszults Table

Dizplay peak demand chart Dizplay energy demand chart

E wport tables |

Sawe an image |

Cloze

Checking Load Forecast D ata

5.1 EDIT LOAD FORECAST DATA

This is the same as the edit load forecast function in the data input section. Refer to
section 4; load forecast in part lll Data Input.

5.2 RUN FORECASTING

Clicking on this button starts the forecasting process. This may take a while.

5.3 DISPLAY RESULTS MAP

Displaying the results of the load forecast can be done by choosing which year the
display is wanted for.

Load of details is the detail that the user wants in the results display. That is, points
ranging in size from 2 to 10.
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] Load Forecast 2 - Display g
Load of Detailz [2 = min, 10 = mas] |5 Ehsn |
Eriergy vear 01 | Erergy'vear 05 | Erergy Year 10 Erergy vear 15| Ernergyear 20 | Energy ear 25
Powet ear 01 | Powerear 05 | PowerYear 10 | PowerYear 15 | PowerYear 20 | Power Year 25
The map labeled ‘Map Forecast’ then displays the results where the size of the points in
the display refers to the estimated peak load (kW) or demand in kKWh.
%4[1.93 cambodia *] - Manifold System - [Map Forecast *]
@ File Edit Wiew Qrawingr Tools  Window Help : 7_”|:|'| x
DEaE-d = o G Py MEE D RRIR B0 P RR B 2@ g
&= G @ad O lEg s BE— 0 HEOE 2 [&&a] #PDs sy P8,
EOTRCLNL NP RS HR- R |
4 ]
N 3 B R | X o] 8
/ N - GIS Data Background
- Catalogues and parameters
L""-\_ i - Data Results
- =
[
'.]
i
)
)
\'H_.I
Peak demand Year 20 'I._V
. 10 ki L
. 20 ki j
° 40k {
° 50 |
] 60 ki ;
] 70 ki {
&) 80 ki =
® a0 ki ks
100 ki
114 K |
o4 b N*Backgmund 3/<Background ZABackgrDund 1/(Load furecastAAdmimstrative boundaries/ ;Esli?r i
\l Area(l] L !not iBntlnm w | | Selest I| [&ll Objects in Administrati !Attach to L ! [&ll Dbjects in Administrati v! Lpply
Set screen magnification ko view entire docy, .. Transverse Mercatar 103°59.976'E 12°1,597' 1 1:800000 Replace
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%4[1.93 cambodia *] - Manifold System - [LF Analys

File Edit Wiew Theme Tools Sindow Help = |8
R = EEeX G ¢ rer [BEE] D SRPRRLOORE B- g d o

e~ @ @aa & ¢ oy o[BS ME=0 MMOE R[S Ad DA Ar AP
| Ofi (&N (W) [N ER (B~ [0

05! sm@- X|4-|¢
|| =[] 1 - IS Dats Background
L m - (11 Meeded layers
&[] Optional layers
- (17 2 - Catalogues and parameters
D 3 - Data Results

& CHFD - Centers with High Potential for Devel
-l Clusters
[ Diesel mini-grids connections

)

Diesel systems
Load forecast
-] Load forecast Table
# Mew power infrastructures
QL - Other localities
LF Analysis
Map Cluster
Map Forecast
Map Scenatio 1
Load Forecast summary
; Results
o [17 % - seenarios
[ 7] INTERNAL COMPOMENTS

=

@00 o -

@ o

1 | @

iMaD 3layers
W] | v | M} PwR Y0 {PWR_YZ5 fAdministrative boundaries \Loeal,

I|AEI L |-'-r.-: | Duplicates v| Select !|| [#ll Objects in Administrati | Attach to A | [&ll Objects in Admmlslratl_v| Apply |

Transverse Mercator 104244, 706'E 11°16.676'N 1:800000 Replace

5.4 DISPLAY RESULTS TABLE

Clicking on this button displays a table with a summary of the load forecast for each

category. That is, the peak and energy demand is displayed for each load category. The total
demand is displayed in the last line of the table.

E [REDED 2[1].9 *] - Manifold System - [Load forecast summary *]

Fle Edit Wiew Table Tools ‘Window Help

Deedoc s 2eaX |8 el rwy 25 =
L e véz|
| [ (W0 (9] (=% Y W [T

| Category | Peaky... | Peak Ve | Peakie.. | Peak Ye.. Peak Ye... | Peak¥... | Enet. Energy ... | Energy Ye.. | EnergyV.. | Energy'Ye... | Energy Ve,

|CHPD 700,41 1284.085 1540.902 I760.3636 19938338 2241,312 3502050 E420425 7704510 801419 9969169 11206560
oL 1500.1155 2461728 32540967 3461.805 4077237 4308024 4615740 16924330 958150695 10693131 11905532.04 1315255344
Small Shops 50,2208 B88.24288 96, 26496 10428704 11230912  120.3312 401104 441214.4 451324.8 521435.2 561545.6 BO1656
TOTAL 22807463 3834.05588 4891 26366 5326.45584 6183.37992 6669.6672 8518894 237860194 1776734175 Z0016385.2 224356246.64 2499076944

1D |ED - Innovation Energie Développement 48/63




REDEO Prototype user manual

5.5 DISPLAY PLAK DEMAND AND ENERGY DEMAND CHART

A graphical display of the load forecast is shown. The x-axis has the category name and the
y-axis has the forecasted peak or energy demand.

W [scratch] - Manifold System - [Peak demand (kW)/year] 1 ﬂﬁl@

8 Fle Edt View Chat Took Window Hep

sl BEX & 2wy f e A
| . WS RN |
660000 6600.00
640000 £400.00
620000 6200.00
6000.00 6000.00 [E] Hydro sites - Summary
=~ [E Load Forecast summary
5800.00 5500.00 * 4 Energy demand (Kihjyear)
Seiicio S0l 8§} Peak dermand (kW) yesr
[ Results
540000 540000 (1 4 - Scenarios
5200,00 5200,00 & ‘F‘ gir\:;‘«:jxwomems
500000 5000.00 ;- (1] Run DIALOGES
&[22 Run Form
480000 4300.00 B e
600,00 600,00 § Clustering 1 - Main
- &#] Clustering 2 - CHPD Rules
400,00 4400.00 & g8] Cluskering 3 - Chuster
200,00 200,00 {532 Daka Management 1 - Main
-] Data Management 2 - ‘Weight IPD
4000.00 4000.00 :
800,00 3800.00 4
8 8] Daks Management 5 - Econemi
360000 3600.00 & 38 Tmportc
400,00 — 3400.00 =8| Load Forecast 1- Main
48 Load Forecast 1 - Main Script
3200,00 - 3200.00 = &#] Load Forecast 2 - Display
48 Load Forecast 2 - Display Stript
;U S000.00 % 48] Load Forscast 3 Tnterfate
280000 2800.00 ; Load Forecast 4 - Add new
: Load Forecast 5 - Add new col
260000 2600.00 i i
2400.00 =] 2400.00 & 8] Production Options 1 - Main
-3 Resuts 1- Man 4
220000 2200.00 ;
200000 2000.00 E
1800.00 1800.00
1600.00 1600.00
1400.00 1400.00
1200.00 - 1200.00
1000.00 1000.00
800,00 800.00
60000 600.00
400,00 400,00
20000 20000 28] scenari 6 - iesels =
E 3] I ] E3)
ol Stmall Shops TOTAL Chart s series (grouped)
Local,
Stript completed Replace
¥ [scratch] - Manifold System - [Energy demand (kWhiyear)] = @
&) Fi= Edt View Chart Tock Window Hep -8 x
Dl o= JaeaxX g Fermr 85 I =
| HE®Em
2450000000 o
2400000000 2400000000
23500000.00 23500000.00 -] ap Forecast
2300000000 23000000.00 Map Scenario 1
2250000000 2250000000 E Hydro sites - Sunmary
Load Foreeast summary
2200000000 o
2150000000 o &) Eneray demend (Khjyear)
2100000000 21000000.00 Ry} Peskdemand (R vesr
20500000.00 o B Resuts
2a00000.00 0 8 ¢ -Scenmios
1350000000 wsovono00 | =80 ‘NTED“’;“‘;EEWONEN'S
1850000000 18500000,00 i 8 SRR
18000000,00 18000000,00 b LS
1750000000 17500000,00 - (Iuslzfm R
{pea0000.c0 = L0000 ; Clustering 2 - CHPD Rules
1650000000 16500000,00 58] Clusterng 3- Cluster
16000000,00 16000000,00 : Dt Management 1 - Main
1550000000 15500000.00 {#)- 48] Data Management 2 - Weight IPD
1500000000 15000000,00 & 8] Daks Management 3 - Biomass Gener.
f4o00000100 1900000100 %/ 8] Daka Mansgement 4 Dissel model
14000000.00 14000000.00 41+ 8] Dats Msnagsment 5 - Ecoronic
1350000000 13500000.00 . Tnportc
{600000.00 13000000, 5 /- 8] Load Forecast 1-Main
1250000000 - 12500000,00 Load Forecast 1 -Main Sipt
1200000000 - 1200000000 8] Load Forecast 2 - Display
11500000.00 11500000.00 @8] Load Forecsst 2 - Display Script
1100000000 11000000,00 ; Load Forecast 3 - Interfac
10500000,00 - 10500000.00 8] Load Forecast 4 - Add new
1000000000 i 10000000,00 @ ¥ Load Forecast 5 - Add new el
500000,00 ——————————— 9500000.00 ®
5000000.00 9000000.00 ;
850000000 8500000,00 :
200000000 8000000.00 :
750000000 7500000.00 14/ 8] scenaris 5- Diessls
7000000.00 7000000.00 AnalyssGrappe:
50000000 £500000,00 BLferbiewInrastructures
o iy Discounted lfe-cycle dissel cost
550000000 5500000,00 ] ExportiL.
sa00000.00 sono00.00 ) Inportia,
450000000 - - 4500000.00 2 fee e
4000000.00 . 4000000.00 - e
350000000 . 3500000.00 Has
300000000 - 3000000.00 N e
i ,
250000000 2500000.00
i Scenario 2- 115 kY
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Local
Script completed. Replace )
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SAVING RESULTS

The tables generated by this module can be saved by clicking on the ‘export tables’ menu.
This option exports tables as excel files to the specified folder on your computer. Maps can
either be saved as images within the manifold project or as picture files (.gif) on the
computer.

The tables related in this module that could be exported are:
- Load forecast summary
- Load forecasting parameters
The maps relevant to this module are:
- LF Analysis
- Map Forecast

€D
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6. PRODUCTION OPTIONS

REDEO Prototype user manual

The production options module lets the user choose which production options should be
considered when generating the electrification scenarios. The user can change the options for
Hydro, Biomass and connections to the main grid line. The options that can be changed include
activation and deactivation of the candidate production sites. This means that the user can
choose if a particular site should be taken into consideration when deploying the resources for the
fictive electrification scenarios is the next module.

&!Production Options 1 - Main

[dentify Hudro Potential Sites

|dentify Biomazs Patential Sites

Dizplay Biormass Summary

|dentify Fatential Grid Estension

Dizplay Gnd Estension Summary

_
Dizplay Hydra Sumrnary ‘I\
LA

Save az image

E wport tables

Cloze |

Clicking on these
buttons simply
displays a
summary of the
production option.

Although the
values in these
tables can be
edited, this does
not affect the data
catalogues. The
data can only be
changed by
clicking on the
‘|[dentify’ buttons.

On clicking the Identify Hydro Potential sites button, a map displaying potential sites is

6.1 HYDRO POTENTIAL
displayed.
r@.M'ap Cluster *
Hydro
potential
sites
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By clicking on a site, the properties of that particular site can be changed. The option to
consider a site in the scenario creation function ‘activate/deactivate’ is there in this menu.

] DIALOG_Hydro (=)<
Site:  Prek That
Power (ki iBEIDEI
Eneray [kihd) 5000000
Initial Purchase Cost (%) |4DEIEIEIEIDEI
O cost [0 (500000
Bictivate Desactivate Close |
6.2 BIOMASS POTENTIAL
Clicking on this option makes a map with biomass potential sites pop up.
T Map Cluster * woE
Biomass potential
sites §
"};-
H 4| ¥ NKi'; 5.k connections Linal soenaro £ 11 Dislrictsf
Clicking on a biomass site shows the attributes of that site. In the menu, the generator
model for biomass can be changed and the site can be activated or deactivated.
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IDIALOG_Biomasse (=%

Site de biomazs B
Annual Crop Production [Tons] 17500
Generator Model iBiDmass 1 ]

Generator Crop Capacity:  Between 1 and 17500 tons <

Activate [regactivate Claze

6.3 GRID CONNECTION

:@{Map Cluster *

RPN

Existing
Substation
for potential

/

Data required for each potential connection can be changed by clicking on the site.

REDEO Prototype user manual

/Generator model

Generator
details

€D
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% DIALOG_115KkV =JoEs

Site:  Kampong Speu

Power (ki) 2000
Erergy [Ki'hey] (17520000

Energy Cost [$/R\h] 0

Activate Deactivate Cloze

This information box appears when clicking on a substation point on the map.

6.4 PRODUCTION OPTION SUMMARIES

All the data for scenario creation is now ready. A summary of the production options can be
displayed at this point. It should be noted that changing the production options in the
summary tables should not change the data about the productions options in the GIS Data
Background folder.

6.5 EXPORTING/SAVING DATA

Tables can be saved outside manifold as excel files by selecting this option.

The table names that contain the results of the Production option summaries are:
- SumBiomass
- SumHydro
- Sumii5

Data can also be saved as an image by clicking on ‘Save as Image’. The map with production
options data is:

- Map cluster
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7. SCENARIO CREATION

This module allows the user to define and analyze electrification scenarios. The option to deploy
and validate electrification scenarios is possible.

S Scenano Tiam

Reszet l

CompLite izolated diezel average life-cucle kb costs

[ Automatic design of power systems

Dezign grid Deszign hydro Diesign biomazs
extenzions spstems ustems

— banual syztems modifications !

bodify gnd .
extensiong Muodity hpdro systems systems

kodity biomazs |

Digplay 1 km buffers

Automatic analyziz of diesel mini-grids v= izolated diesel zustems |

Cloge |

71 METHODOLOGY

The first resource that should be deployed is the grid extension. The grid can be extended:

e As long as there is enough capacity and energy available on the line to connect an
additional cluster

e And if the average life cycle kWh cost of energy service through grid extension is
lower than the average life cycle kWh cost of energy service through a local diesel
generator.

The average life cycle cost of kWh is taken as the NPV of all costs over the 25 years divided
by the total number of kWh needed over the period.
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1‘" [Redeo 1[1].17 recent_cambodia *] - Manifold System - [Map Scenario 1 *] L.JL@_@

[Z Fie Edi Yew Drawing Tooks Window Help

e SRPREPP R B 2 e d | o)

e eex & 2] N PP e
E— 0@ s al[&«]a] -

ez @ @aase ¢ oy v | o[lEc] s
R

1

i

e
|
[
¢ 115 _K¥_connections

Biomass potential
Carts Reseatx Scenarlo

(L) Data Catalogues
(L] Data RUM

(L] Data Restits

(1 Run DIALOGEGx
-1 Run Form

(£ Run Queries

(1] SAVES

=# 115 then hydro
& 1w only

& 2 m anly

- 4 mw

-=# Final scenario image
=# Hydro and biomass

= Hydro then 115ky
& Just biomass

Script Bijection
Script Projection

Drawing 1206 objects.
M| 4| ¥ | Districts {Tarte Reveaus Scenario 1 {115 kY. 115 kY Lines £ Hydio patential {Biomass patential | Carte FHFD, Jtocd,
|| trea ) 3¢ not | Bottom [] | Select}||[AuDhiactsmﬂs_kv_cc} | tach o [se ] 180 Objects in 115_KV_ec| | Apply \
Script completed, Transverse Mercator 104°18,336' E 11°36.610' N 1:540000 Replace

115 kV substations\

Grid extensions———__

® e ®e A

After grid extensions, hydro and biomass resources can be deployed. The hydro and biomass are
compared to the cost of diesel in the same area. If the option of connecting hydro/biomass to the
cluster in question is cheaper, then the cluster is connected to the resource. A map in which all
three resources have been deployed is shown below. Hydro and biomass energy continues to be
deployed until:
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e The average lifecycle kWh cost of hydro or biomass is lower than that of isolated diesel
for a given cluster AND there is sufficient energy and capacity available to meet demand.

"9 [Redeo 1[1].17 recent_cambodia *] - Manifold System - [Map Scenario 1 *] L:JW
[ File Edt Vew Drawing Tooks Window Help -lgx

Dewd o= 3
& = @Ea i

| o ) 28R A

e & eEerEry BT  SRpRRRR PR B 2 dd g | o
Sl v | lEC: HE— 0 BlEO 2 6|[dsa] #8088 FADL PP

Projece. .~ E]
og ! BB X - ¢

LY - [ Data Backgraund 7S
ik - 115 kY Lines (7]

pfl 115 ¢ _connections

3 Biomass potential

il Carte Reseaux Scenario

3 Districts

pfl Hydro potertial

B Localities

wfl Road network

EZ] Testing

- [ Data Catalogues

-] Data RUN

=~ (] Data Resuks
2 1 mus anly

115 after hydro

e
BEEEREEE

BE

115 then hydro deplayed
] al 2 deployed Table:
115m hydrom diesels
Carte CHPD

Carte Custer

Carte Diesels

Carte Forecast

Carte Lirk Dissels

Carte L

Carte Resesux Scenario 1
BT Carte Reseaux Scenario 1 Table
@3l Final scenario

o

R EE

@

Map Scenario 1
8] final scenarial
[E Results
[ final resul
[E Final resultt
[ resulks For scenariol
- [Z) Run DIALOGBoX
i [ Run Form
|21 Run Queries
&[] SAVES
&# 115 then hydra
g LM only
&7 2 mi only
e 4 A
&7 Final scenario image
- Hydro and biomass
g;’ Hydko then 115K [s]

. Crawing 64 objects
[ 4] ¥[ M} 115 then hydro deployed 4 Distiicts f Caite Reseaus Scenaiio 1 4,115_KW_connections 4115 k¥ Lines 4 Hydro polential | Biomass potential £ Catte CHPD. liaiat

|[area s ot | Battom [s] | Sefect || JAN Obiects in 115 k4 Lin ] Atach to [ 180 Obiects i 115 kv Lin ] oy |

Transverse Mercator 104°20,955' E 11°49,366' N 1:540000 Replace

7.2 MODIFYING CONNECTIONS

The connections made by the tool can be altered manually. This is done by clicking on the
CHPD at the center of the cluster, and then clicking on the resource that has to be
connected it to. If the power demand by the cluster in question exceeds the maximum
capacity of the plant, an error message shall be displayed. If the supply can be provided,
then a confirmation message is displayed.

CHPD that the user

. wants to connect
/ to the map

On clicking on a CHPD that is not connected the following messages are displayed:
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1) CHPD nat conmected
e - =
1 } Chonse the connection poink on the 115 kY Grid
On clicking on a point on the grid, the CHPD is connected to the grid and a confirmation
message is displayed.
HPD is now
connected to the grid
7.3 DIESEL GENERATORS
The diesel resources should be deployed after grid extensions, hydro and biomass has
been deployed. The option of taking all, some or none of the previously deployed
resources is there in this module. Click on an option to select/deselect it.
There are here 2 options: either an isolated diesel genset for a given cluster or a genset for
group of clusters it is not economical.
Hence the life cycle average kWh cost is calculated for cluster i, for cluster j and for cluster
(I4j) including the cost of the line to connect the 2 clusters. The cheapest of the options is
retained.
The order retained is starting from the largest cluster.
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(&Scenario 5 . Diesels LoE

Initialize Process

Create Diezelz Mini Grids

Map before Diesel generators are deployed

Maps after Diesel generators are deployed.

lusters with
Diesel generators

Clusters without diesel
generators. This is
because electrifying
™ them with other
options is a more
economical option.
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8. RESULTS

The results of the deployed resources are now ready to be displayed.

%/ Results 1 - Main =]

Clicking on these buttons Fieset Results l
makes the tool perform a

basic cost analysis of the

resource.
\

Analpse Hydro Systems

Analyze Biomaszz Systemns

Analpze Gnd Extenzions

Analyze Diezels Sustems

Global Analysiz

Analyze Selected Production
Options

Wiew Fesults

Cloze

Clicking on the Global Analysis button analyses all the deployed resources.

View results opens a table with the analysis results. For each one of the “projects”, the results
table provides:

e the total number of households in the connected clusters

e the percentage of households effectively connected for a given project
e the present value of the investment cost

e total energy consumed in year 25

e average life cycle kWh cost

Analyze selected production projects ("°) displays a table with the impact the potential
electrification scenario has on the particular clusters under analysis.

10'NB: also called scenarios in the software and to be cleaned out.

1D |ED - Innovation Energie Développement 60/63



x5k REDEO Prototype user manual

For the group of projects selected, the following indicators are provided:

Technology Household Covered Investment cost annual Q&M cosk Mame Energy kih Cost Activate

| |Metwork extention 1313 S23527,665020303  S00000 K.ampang Speu 000000 0,102617639425102 o
| |Hydro 78z 460336, 336777794 38000 Prek Thnok 100000000 2,74833633677779E-02 0
_|Standalone &30 7370657,21454024  200000,002980232  Krang Ponley0S051109 50000000 0,147413144290805 o

a 0 Ju] o 0 o
| [Household Electrification(%s) 49, 0979120210825 0 1] n] 0 1]
| |Localities Electrification{%s) 47,7611940293507 0 a a 0 o
B i 0 0 0 0 i
_|Health Centers Electrification(%:) i} 0 o o 0 1}
_|Pop. acces to Electrified H.C.(%) 1] 0 1] n] 0 a
| |Mean distance ko H.C.(km) 4,92532185208657 0 a a 0 o
| |Mean distance to Electrified H.C.(km) a 0 1] n] 0 a
E i i i il 0 0
| |Educational Centers Electrification®.) 15,364A153646154 0 1] o 0 1]
| |Pop. acces to Electrified E.C.{%) 23,276479562405 0 o o 0 o
| |Mean distance ko E.C.(km) 5,83501514862108 o o a o a
__{Mean distance ko Electrified E.C.(km}) 19,3383127048403 0 o o 0 1}
B i i i il 0 0
| |GHG emissions (diesels & RES) (Ton) 999999, 977645255 0 o o 0 o
| |GHG emissions {onky Diesels){Ton) 2099999,93294477 0 o o 1} 1}

*

For the selected projects, the user can also input an average kWh tariff and the IRR — Internal
Rate of Return — for the combination of projects is calculated.

The second version of the tool will also allow for calculating the financial KWh cost and return on
equity possible (by paying out dividends only when profit levels allow so) which will require to
input:

- Percentage of equity
- Two credit facilities (duration, grace period, interest rate)

- Fiscal information
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APPENDIX A: WEIGHTING SYSTEM

WEIGHTING SYSTEM FOR IPD CALCULATION

It is important that the weights are entered in proportion to their importance in the area
under analysis. For example, if roads are of prime importance in the development of a
certain area, the weight entered for ‘Access Road’ may be 1 and the weight of all the
other fields might be set to 0.8. This would ensure that the localities with roads have a
higher IPD.

In the localities table'", the values for education, employment, road access and
administrative status must also follow a weighting system. As a result of applying a
uniform weighting system, the weights for all the columns should range from 0 to 1.

A sample weighting system that could be used is shown below. The weights have been
assigned in proportion to the number of localities that have a particular facility. Therefore,
this weighting system might not work for another area taken into consideration.

Education infrastructure [Index|nb of localities

Secondary school 1 15
Primary school 0,6 360
nothing 0 271
Accessibility index Index |nb of localities
Main Road 1 112
Secondary Road 0,6 106
Other 0 428
Economical index Index|nb of localities

Big industry (>100emp) +0,4

Medium industry (>10emp)| +0,3

Small industry (>1emp) +0,2

Other 0

Health infrastructure Index |nb of localities
Health Center 1 9
Nothing 0 637

' Refer to section 2.1.3, Localities table for a complete description of all the required data and columns
present in the localities table.
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