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ABSTRACT 

This is the final report of the UNIDO project •Assistance to Belize Electricity Limited 

to identify and assess strategies to control electricity demand and plan the supply". 

project no. Sl/BZE/92/803, contract no. 93/265. 

The report reflects the outcome of the second mission of Mr. Bernhard Bost to Belize. 

The main objectives of this mission were to assist Belize Electricity Limited (BEL} to 

analyze the data retrieved from a nation wide househola energy survey and to assess 
the influence of demand side strategies on the electricity demand of the household 

sector. 

In addition, this report contains information about the purchase and commissioning of 
the computer hardware and software to Belize Elactricity Limited. 

For further information about the first phases of the project. please refer to the 
following reports: 

Bernhard Bosl, "Technical Report Vol. 1: First Mission of Consultant9, UNIDO Project 

No. Sl/BZE/92/803, Institute for Energy Economics and tre Rational Lise of En6rgy 

(IER), University of Stuttgart, November 1993. 

Bernhard Bosl, John Mencias, Jose Armando Mc·reno, "Technical Report Vol. 2: 

Training ProJram•, UNIDO Project No. Sl/BZE/92/8J3, lnst:tute for Energy Economics 

and the Rational Use of Energy (IER), University of Stuttgart, April 1994. 
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INTRODUCTION 

This is the final report of the UNIDO project ·Assistance to Belize Electricity Limited 
to identify and assess strategies to control electricity demand and plan the supply•, 

project no. Sl/BZE/92/803, covering the equipment purchase and commissioning. the 
second missivn of Mr. Bosl, the performance of the household energy survey, and the 
household electricity demand analysis. 

In the hardware and software report in Chapter I the computar hardware, 
commercial software and the energy planning software, delivered within this project, 
is described in detail. 

The commissioning report in Chapter II summarizes the training and the installation 

procedure of the energy planning system MESAP. 

Chapter Ill gives an overview on the objectives and tasks of the second mission of 
Mr. Bernhard Bosl to Belize. Mr. Bosl spent 6 weeks on site, from September 19 to 
November 1, 1994. Together with Mr. Jose Armando Moreno from the Planning 
Department of Belize Electricity Limited (BEL), Mr. Bosl carried out a household 
energy survey and a household electricity demand study, using the MESAP energy 

planning software. 

The performance of the nation wide energy survey !n the residential sector, from the 

sample design to the analysis of the electricity consumption in 1994, is described in 
Chapter IV. 

The results obtained from the household energy survey were used for an electricity 
demand study, analyzing the impact of different scenarios on the trend of the 

residential electricity demand in Belize. The objective, the underlying assumptions and 
the results of this study are illustrated in Chapter V. 

Further information, detailed tables, and graphics are attached to this report in the 
annexes. 
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I. HARDWARE AND SOFTWARE REPORT 

A. Computer Hardware and Commercial Software 

As recommended in the "Technical Report Vol. 1: First mission of consultant8 the 
computer hardware and commercial software was purchased directly in Belize. The 
purchase and configuration of the compl'ter equipment in Germany and the later 
shipment to Belize, as suggested in the UNIDO Project Document (12. April 1991), 
would have been a needless loss of money, since the counterpart has already broad 
experience with modern computer techniques. 

Belize Electricity Limited ordered the computer equipment at Flamingo Export 
Company, United States, following the hardware and software specification in the 
Technical Report Vol. 1, Annex 7. The detailed specification and prices of the 
computer equipment delivered is given in the invoice, attached to this report in 
Annex 1. After receiving the originc:I invoice, the University of Stuttgart reimbursed the 
expenses of Belize Electricity Limited up to the budget limit of US$ 30,000. 

B. Energy Planning Software - MESAP 

The energy planning software applied within this project, is the Microcomputer based 
Energy Sector Analysis and Planning System MESAP. MESAP was developed by the 
Institute for Energy Economics and the Rational Use of Energy (IER}, University of 

Stuttgart. The MESAP System combines on one computer a set of energy analysis 
and planning tools. Actually two versions of the MESAP System were transferred to 
Belize Electricity Limited: MESAP Version II and MESAP Version Ill. 

The MESAP Version II runs under the DOS operating system and contains the widely 
used energy planning models MADE, MESSAGE, INCA, WASP: 

The energy demand model MADE (Model for the Analysis of the Demand for 
Energy) provides in a flexible format several methodological options on how to 

calculate useful energy requirements and the final energy demand. A simulation 

algorithm calc\.llates the secondary and primary energy consumption. In the demand 
part, econometric as well as engineering techniques are optionally available. 



8 

The energy supply system model MESSAGE is based on the LP (Linear Program
ming) approach. It is flexible in terms of the fuels considered, the s~ctors analyzed and 
with respect to the model size. It is a network oriented :nodel. The objective function 

can be defined by the user. 

INCA is an acronym for Investment Calculation, a program which calculates the 
present value of alternative investments. Based on the present value method, the 

dynamic power generation costs, cash flow, amortisation time and other economic key 
parameters are determined. 

The power plant expansion module WASP (Wien Automatic System Planning) 
model uses the dynamic programming technique for the expansion planning of 

electricity generation units. The model has been applied in many case studies all over 

the world. 

For a detailed description of MESAP Version II see Technical Report Vol. 1, Annex 3. 

Further, the NETWORK-Database and the Energy Demand Analysis and Supply 

Simulation model PlaNet of the recently developed MESAP Version Ill were delivered 
to Belize Electricity Limited. MESAP Ill is developed for PC's with a ·windows• based 

graphical user interface. 

NETWORK, the new central database of MESAP, is based on the relational database 

concept. This database fulfills two main functions: it is a case study information system 
which offers all retrieval f€atures of current information management tools and it 
serves as a standardized database for process-engineering oriented energy and 

environmental planning models. Standardization of the data structure is achieved 
through the representation of any energy and environmental system as a network 
diagram the so called •Reference Energy System (RES)9. The RES consists of 

different fuels and other material flows being converted in a chain of processes. The 
only restriction in the design of NETWORK is that the energy and environment system 
must be represented as a network of commodities, flows and processes. This 

approach allows the planner to specify the level of detail in the analysis and creates 
a model independent database structure which is no longer acapted to the algorithms. 
Since different models can use the same &tandardized NETWORK database format, 
data sharing and exchanging is improved. The planner is supported by a state of the 

art user interface and strong analysis toots, now being shared between the models. 
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The Energy Demand Analysis and Supply Simulation model PlaNet is the successor 
for the demand model MADE. PlaNet is fu!ly integrated into the NETWORK database 
concept. PlaNet allows to model the demand side as well as the 3upply sector by 
using any form of the ·Re~erence Energy System (RES)". PlaNet has similar features 

to his predecessor MADE, but offers more flexibility concerning the simulat!on 
equations. It allows any number of equations for processes with multiple inputs or 

outputs and thus simulates technologies such as co-generation better. PlaNet allows 
to define any flow of a process or any quantity of a commodity in the RES exogenous

ly. It includes the possibility to use product shares for technology inputs in addition to 
market shares for technology outputs and it will check for violations of user defined 

bounds and constraints. Units can be transferred automatically and an online unit 
calculator is available. 

Future versions of PlaNet will allow higher time resolution in order to integrate load 

aspects in the energy demand analysis and the simulation of the supply system. 
Based on the calculation of all energy flows within the network, a user defined energy 

balance will be calculated for any time period. According to these flows the needed 
capacities of the energy conversion technologies will be determined. A detailed cost 

analysis will ba available not only to determine total costs of the energy supply system, 
but also to calculate levelized production costs (per unit costs) for each commodity. 

A detailed evaluation of the environmental impacts will help find major emission 
sources and their abatement costs. 
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II. COMMISSIONING REPORT 

A. Computer Hardware and Commercial Software 

After the delivery of the computer hardware and commercial software to Belize 

Electricity Limited (BEL), at the end of July 1994, the equipment (~omputer, printer, 

UP3) was installed at tha planning department of BEL, at the main power plant in 

E-elize City, Magazine Road. The installation of the hardware and commercial software 

was carried out by the Data Processing Department of BEL The PC's were linked to 

the existing NOVELL-PC-Network to make data exchange and communication easier. 

B. Energy Planning Software - MESAP 

1. Training on MESAP II and MESAP Ill 

During tha training phase of the project, taking place at the University of Stuttgart, 

Germany, from February 28 to March 25, ~ 994, two employees of BEL (Mr. Moreno 

and Mt. Mencias) were trained on the installat;on and applicatk>n of the MESAP II and 

MESAP Ill system (see Technlcal Report Vol. 2: Training Program). During the second 

mission of consultant one of these er.1ployees (Mr. Moreno) was trained again in depth 

on the PlaNet model. Starting with a simple example, finally a comprehensive case 

study was implemented, analyzing the electricity demand of the residential sector in 

Belize. 

Installation diskettes, installation descriptions and user manuals were delivered by the 

IER. The MESAP manuals are listed in the bibliography attacr.ed to this report. In the 

case of the PlaNet model a user manual is not yet available, but due to the high user

friendliner.s of WINDOWS-applications PlaNet can be handled without mani.. 11 after an 

introduction. 
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2. Installation of MESAP II - System 

MESAP can only be installed on a hard disk. It requires about 1 O MB of hard disk 
space. The execution of the module MESSAGE requires the DOS-EMM device driver 
to be installed. Your CONFIG-SYS st.ould include the following command: 

device = c:\dos\emm386.exe auto 2048 ram 

Please modify the command, if your DOS-System files are in another directory then 
specified above [C:\DOS\]. 

The directory structure of the MESAP system looks as follows: 

D:. 
L__MESAP 

f--INCA 

I ~DATA 
I L__EXE 

f--KERNEL 
I L__EXE 

~LOTUS 
I L__WK1 

f--MADE 

I ~DATA 
I L__EXE 

f--MAINMENU 
I t..__EXE 

f--MESSAGE 

I t--DATA 
I ~EXE 
I t..__FTN77 

f---SYS 
L-LJSERS 

f--BEL 
L__cs 

User Management: 

MESAP-Drive, in this case drive D: 
MESAP main directory 
Module INCA (Investment calculation) 
INCA default data 
INCA programs 
MESAP kernel system 
MESAP kernel executable program 
Lotus 2.01 
Lotus default worksheet directory 
Module MADE (Energy Demand Analysis) 
MADE default data sets 
MADE programs 
MESAP main menu system 
MESAP mainmenu executable program 
Module MESSAGE (Energy system optimization) 
MESSAGE default data 
MESSAGE programs 
DOS-extender 
MESAP utilities 
Install user subdirectories here! 
User directory BEL 
User directory CS 

Every user that has a subdirectory in the USERS directory can use the MESAP 
system. His identification is identical to his directory name. When a new user starts 
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a module for the first tir.'le, the default data sets will be cor;t:!o into his user directory 

so he can start working on the default examples. 

3. Installation of MF.SAP Ill ~ System (NETWORK. PlaNet) 

This installation description refers to the Plai~et Version of 16.9.1994. All directory 
names in this installation description are examples and may be modified to customize 

installation. 

1) Select a drive and home directory for PlaNet, eg. 

drive 

director1 

c: 
planet 

In this installation procedure we will always refer to the c:\planet as the PlaNet 
home directory. If you select a different drive and directory please modify the 

commands with your drive and directory. 

2) Insert the diskette ln drive a:. Type the following command: 

a:\install c: planet 

3) The files from three diskettes wHI be copied 

This should result in the following directory structure: 

C:PLANET 

r--oATA 
I ~B\pl_case.mdb (case study tables of NETWORK) 

I 
r--EXE\*.exe, *.dll, *.rpt, planet.ini, etc. 

I 
r--svsr ABLE\pl_sys.mdb (system tables of NETWORK) 

I 
~-USER 

I r--xx 
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4) Edit the file c:\planet\exe\planet.ini as follows: 

(Planet] 
SysTablePath 

SysTableBackupPath 
NewCaseStudyPath 

= C:\planet\systable 
= ... (make your selection) 

= ... (make your selectiori) 

Indicates, where the directories for the system table, the system backup and the 
new case studies is. 

5) If this is not yet the case, issue the following command at the DOS-prompt and 
add it to your autoexec.bat: 

SHARE /l:500 (DOS Share command) 

6) Start Windows 

7) Create a new program group •p1a~~et 1.1 • with Windows command •File-New•. 

8) In this group create a new program item with the command •File-New•: 

Description: PlaNet 1.1 

Command line: C:\planet\exe\planet.exe 
Working directory: C:\planet\exe 

The installation is finished! 

9) Click the Planet-Icon to start Planet 

10) Login as Manager, the password is •kentucky". Since 1ou start with our System 
Tables and the userlist from IER Stuttgart, you have to make some modifications. 

11) In the File-Supervisor menu choose USERLIST and add your account, i.e. XX. 

The default access levels is used, when no explicit access rights are granted for 

a case study. Choose "none". As home directory select C:\planet\user\XX. Delete 
all other existing users from IER. 

12) Now login as XX. The default is no password. Select File-Import to import a case 

study from disk 1. The case studies are stored in A:\data\•.ptt. Assign a home 
directory for the case study, preferably c:\planet\data\case_xy. In the Import-Form 
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click bcJth •Find-by-ID• buttons. Then click ok. 

12) Open the case study with File-Open. 

Finished! You are already working with PlaNet. 

If you want to clean up the case study list, login as supervisor. Select the 
File-Supervisor menu choose CS_LiST (Case study list) and delete all case studies 

except the ones you just imported. 

Installation of the PlaNet Update from 18.9.1994: 

1) Copy all files from the update diskette to the directory C:\PLANEl\EXE. 

2) You have to insert two new parameters in the parameter list. Therefore login as 
supervisor and in the File-Supervisor menue choose PARAMETER LIST. 

3) Insert a new parameter: 
ID: MKT _SPLIT 
Name: Market Split (sum <> 1) 

Related Specifier: prod_alloc_2 
The other entries are similar to the parameter MKT A. 

4) Insert an other parameter: 
ID: PKT_SPLIT 
Name: Product Split (sum <> 1) 

Related Specifier: cons_alloc_2 
The other entries are similar to the parameter PKT A. 



-------------------~~------- -----

15 

Ill. SECOND MISSION OF CONSULTANT 

A. Objectives 

Originaliy. the objective of the second expert mission to Belize within the overall 
project was to refine the electricity demand calculations. Based on the data collected 
by BEL and on the model setup of the case study. different scenarios and strategies 
for the development of the activities and behavior of the economic sectors and their 

influence on the electricity demand should have been calculated. For more details on 

the original workplan see ·rechnical Report Vol. 1: First Mission of Consultanr. 

Chapter 111.D.4. The preliminary and the final time schedule of the overall project 

are attached in Annex 2 and 3. The UNIDO-Job Description for this mission is 
attached in Annex 4. 

Due to serious personal bottlenecks in the Planning Department, BEL was not able to 
finish the data collection and the model setup before the second mission. Currently 
there are several major projects going on which are supervised and performed by the 

Planning Department of BEL: construction of Belize's first hydro power plant and it's 

connection to the main load centers Belmopan and Belize City, and the construction 

of a transmission grid connecting the five largest power systems of Belize (•Power 2 
Projecr). For more information on these projects see •technical Report Vol. 1: First 
Mission of Consultant•, Chapter 11.F. Therefore, only one employee of BEL (Mr. 
Moreno) was able to continua working on this project. 

Considering these constraints the consultant Mr. Bosl and Mr. Moreno agreed to 

concentrate during the second mission on the residential sector and to perform all 

steps of a electricity demand analysis for this sector, from the data collectic,n to the 
graphical presentation of the results. Thus, the objective of this second mission was 

to assist 'BEL in the design, realization, and analysis of a nation wide household 
energy survey, and to estimate the electricity demand of the residential sector 
following different scenarios. The detailed tasks are described in the following chapter. 
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B. Tasks 

Following, the working plan of the second mission. taking place from September 19 
to November 1, 1994. For a more detailed description of the tasks and their results 

see Chapter IV an Vin this report. 

1) Current Energy Situation, Data Analysis 

1.1) National Energy Survey - Household Sector 
1.1.1) discussions on sample design. calculation of survey statistics 
1.1.2) programming the database tables for the raw data, using 

PARADOX FOR WINDOWS 
1.1.3) programming the forms for the data input 
1.1.4) manual consistency checks of completed survey questionnaires 
1.1.5) training of auxiliary employees for data input and supervision of 

data input 
1.1.6) programming and running of automatic consistency check 

routines 
1.1.7) programming and running of automatic data analysis routines 
1.1.8) aggregation, presentation and discussion of survey results 
1.1.9) technical assessment of end use technologies used by the 

residential sector 
1.1.10) calculation of the electricity consumption in the baseyear 1994 

1.2) National Energy Survey - Industrial and Services Sector 
1.2.1) discussions about sectoral aggregatior. and sample design 

1.2.2) setup of survey questionnaire 

2) Modelling and Analysis of the future Electricity Demand 

2.1) setup of the reference energy system (RES) 

2.2) detailed definition of scenarios and strategies 

2.3) Energy Demand and Supply Simulation Model PlaNet 

2.3.1) installation and introduction 
2.3.2) definition of the RES-structure 
2.3.3) definition of equations 
2.3.4) definition of regio:1s and hypothesis (scenarios and strategies) 



2.3.5) input of data 
2.3.6) consistency checks 
2.3. 7) calculation of results 

17 

2.4) aggregation and graphical presentatio11 of results 

2.5) discussion of results with BEL. 



18 

IV. ANALYSIS OF THE CURRENT ENERGY SITUATION 

A. National Energy Survey - Housahold Seclor 

1. Sample Des!rul 

The sample for the Household Energy Survey was selected by the Central Statistical 

Office (CSO), Ministry of Finance, Belmopan, Belize. Following, the description of the 

sample design delivered by CSO: 

•The sample chosen for the National Energy Survey (NES) is a sub-sample of the 

grand sample from the Continuous Labour Force Survey (LFS). The LFS grand 

sample was a two-stage cluster sample, equally divided into 3 sub-samples. Each 

district was treated as an independent domain and divided into urban, rural divisions. 

Each district was assigned a number of clusters proportional to the number of 

households as at the 1991 Population Census. At the first stage was the selection of 

the primary units, the enumeration areas. The enumeration areas are chosen 

proportional to size, the size being the number of clusters assigned. Sizes of clusters 

are uniform within districts and vary slightly between districts. At the second stage, 

clusters of households within selected enumeration areas are chosen inversely 

proportional to the size of the enumeration area. This results in an equal sampling 

fraction in each domain. The grand sample is selected with a probability of 1 in 8. In 

the LFS, 2 of the 3 sub-samples are selected and interviewed per round. This yields 

approximately 3000 households to be interviewed per round. This fairly large 

household sample is necessary to ensure that an adequate number of persons aged 

14 years or older are selected for interview. Since the unit of measurement for the 

NES is the household, a smaller sample of households would be adequate. It was 

decided that one of the three sub-samples be chosen. This yielded 1576 households 

or approximately 4 % of households to be interviewed.• 

This percentage is based on 39,832 households in the year 1991. The annual average 

growth rate in the number of households between the census 1980 and 1991 was 

about 3.2 % (see Annex 5 for more information on household statistics). Considering 

the same ongoing growth rate, the number of households was estimated on 43,937 

in 1994. Out of the 1576 questionnaires 1283 were completed, the other households 

were vacant or refused to answer. Thus, the household survey covered 2.92 % of the 

total households of Belize in 1994. 
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In the statistics available from CSO the households are classified by 6 districts and by 

urban and rural (see Annex 5). For the electricity demand an;;tlysis a different 

classification is of interest. The households are divided into those areas that are 

closed to the proposed transmission grid (GRID) and those that will not be affected 

by the grid at least in the foreseaable future (NON GRID). The households living 

closed to the grid are further divided into urban (URBAN GRID) and rural (RURAL 

GRIDj, because of different consumption patterns. The NON GRID tiouseholds are 

considered to have a more homogenous and rural consumption behavior and are not 

further subdivided. For more details on this classification see Report Vol.2 , Chapter 

X.C.3. For the analysis of the results of the survey it is required to know the number 

of households in each of the three categories (URBAN GRID, RURAL GRID, NON 

GRID) in the year 1994. Therefore, it was necessary to classify each of the 

approximately 260 enumeration are3s and add up the number of households within 

the enumeration areas for each category and district. Again, the values for 1994 were 

calculated based on the growth cates observed bet·veen 1980 and 1991. The detailed 

survey statistics are given in Annex 6. 

2. Questionnaire Design 

The qliestionnaire used for the Household Energy Survey was designed by Mr. 

Moreno (BEL) with assista11ce from Mr. Bosl (IER) and CSO. It contains 70 questions 

in 7 sections. The questions cover all uses and forms of energy in the residential 

sector, though in the later case study the focus is on the use of electricity. Therefore, 

the results of this survey are not merely valuabla for this analysis, but also for 

numerous other studies, e.g. the influence of the use of firewood on deforestation, the 

potential of solar water heating, or the LPG consumption of the households. The 

questionnaire was tested and improved in a small pilot sur1ey. A copy of tha question

naire is attached to this report in Annex 7. 

3. Survey Performance 

The survey was conducted by the Central Statistical Office (CSO) of Belize. The data 

was collected by 67 interviewers from September 14 to September 30, 1994, and later 

checked by 7 editors and 7 supervisors of the CSO. Since quality of the gathered data 

mainly depends on the skill and empathy of the interviewer, all interviewers were 

prepared for the survey in an one-day training. Each interviewer was responsible for 
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at least on of the 84 enumerati1Jn areas selected in the sample. From each 

enumeration area about 20 households were interviewed. Out of the 1576 households 

selected for the survey, about 293 (19 %) questionnaires were not completed. 

4. Data Input and Consistency Checks 

For the input, storage and analysis of the data from the Household Energy Survey the 

relational database system PARADOX FOR WINOOWS was selected. Modern 

database systems like PARADOX a:low to define in an easy and user friendly way 

tables to store the data, 

forms to input and view the data, 

queries to analyze and modify the data, and 

reports t'J present the data. 

For the storage of the input data three tables were defined, file raw_hh 1.dD for 

question 1 to question 20, raw_hh2.db for question 21 to 35, and raw_hh3.db for 

question 36 to 70. The tables contain automatic validity checks to avoid obviously 

absurd data entries. For the input of the data a user-friendly input-form was designed 

(file hh_raw.fs~. To simplify the data entry the design of this input-form is similar to the 

questionnaire design. The screen print of the input form is attached to this report in 

Annex 8. The 1283 questionnaires have been entered into the data base by three 

typists within two weeks from October 3 to October 14, 1994. Due to many 

inconsistencies, all questionnaires had to be checked again manually by Mr. Moreno 

and Mr. Bosl, before processing. For every enumeration area a separate set of 

database files was used, and named according to the code of the area (e.g. the files 

r1_3102.db, r2_3102.db, and r3_3102.db for the enumeration area no. 3102). After 

completion of the data entry all data files were joined to one data table, containing all 

questions and all households (file tot_bel.db). 

To find further inconsistencies, not discovered by the previous manual check~. and to 

detect typing errors, a set of automatic consistency checks have been programmed 

using the •query by example"·tool of PARADOX (files check1.qbe to check18.qbe}. All 

mistakes that have been noticed by these consistency queries have been checked 
with the original questionnaire and corrected in the tot_be!.d~table. 
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5. Data Analysis and Aggregated Results 

To retrieve information out of the database a set of analysis routines were implement

ed, using •query by example• {files ana_ 1.qbe to ana_ 18.qbe). The resuits of these 

data queries have been transferred to a QUATIRO PRO FOR WINDOWS spread

sheet (file surv_res. wb 1). The aggregated results of the Housenold Energy Survey for 

total Belize as well as for the three categories (urban grid, rural grid, non grid) are 

attached in the Annex 9 and Annex 10. 

The result table in Annex 9 shows the fuel use of the residential sector. About 80 % 

Gf the households of Belize are using electricity for lighting. Kerosene is used by about 

26 % and candles by about 23 % of the households as single light source or as 

backup for electric lighting in case of a brownout. The major f•Jel for cooking in Belize 

is butane gas, used by about 76 % of the households. Firewood is used by 37 % of 

the households, 13 % in the urban grid but about 60-65 % in the rural grid and non 

grid areas. The share of households using electricity for cooking is less than 1 % and 

can be neglected. To be able to compare this result with other fuels, only electric 

stoves but no microwave ovens, kettles, toasters. or rice cookers ar& considered. 
About 50 % of the households have electric refrigerators or freezers, while the number 

of gas or kerosene refrigerators is negligible. Water heating and room cooling are only 

of small importance in the residential sector. 

In Annex 1 O the detailed results of the survey are presented. For every fuel the total 

number of appliances and the average usage of the appliances are listed. The 

absolute figures were first retrieved from the sample size and then estimated for the 

total number of households. As far as possible, the figures were compared to other 

statistics, e.g. the results of the 1991 census and the sales ~tatistics of BEL. These 

comparisons showed only small variations and therefore proved the quality and 

reliability of the survey results. 

6. Electricity Consumption of Households in 1994 

Based on the results of the household energy s1Jrvey the electricity consumption for 

different end use purposes in the year 1994 was calculated. Therefore, the end use 

technologies used by the residential sector in Belize t .ave ':>een assessed, in order to 

find out their average efficiencies. power ratings, or specific consumptions. Most of 

these values have been retrieved from literature and fro.n previouc; studies. but s0me 
were gathered in a market survey in Belize. In Annex 11 the results of this technical 
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assessment of household appliances are shown in detail. Further, Annex 11 lists the 

technical values that have been finally selected for the electricity demand study, for 

each appliance. 

Using the results of the technical assessment and the total number of appliances with 

their average usage, as retrieved from the household survey, it is possible to calculate 

the total electricity consumption per year for each appliance. These calculations for 

each region (urban grid, rural grid, non grid) are attached in Annex 12. In the case of 

refrigeration, water heating and laundry a slightly different calculation procedure was 

chosen. Since refrigerators usually run day and night, their total number was directly 

multiplied by the average electricity consumption per unit. For water heating the 

energy content of the required amount of hot water was calculated based on the 

physicai energy content of water, and then multiplied with the efficiency of the heating 

appliance In the case of laundry the number of loads per year were multiplied by the 

average electricity consumption per load. 

The results in the summary sheet in Annex 13 show that based on these calculations 

the total electricity consJmption in 1994 of the residential sector is estimated to be 

about 57 GWh. After deducting the households with private generation, an electricity 

demand from Belize Electricity Limited of about 54.8 GWh was estimated. Since the 

reference month of the survey was August 1994, this value was compared to the sales 

statistics of BEL from the same month. According to the sales statistics the electricity 

consumption of the residential sector has only s!ight seasonal fluctuations and the 

mar.th August was close to the average monthly sales within the last few years. 

Therefore, the total electricity consumption in 1994, based on the sales in August, is 

estimated to be about 54.5 GWh. Thus, the results of the survey lay within an error 

margin of less than 1 %, which again indicates the high quality ancl reliability of the 

survey results. 

The results show that about 18 % ::>f the residentia! electricity consumption is used for 

lighting and almost 36 % for reirigeration. Again. rJ<J:>king is on!y of low importance, 

with about 3 %. Among ttie other electricai appliances the fans {12.6 %) and the iron 

(9.8 %) play an import.:int roie for the residential electricity use. There are only 

moderate variations of these shares among regions. 

Annex 14 sh::>ws a cro5scountry comparison of the residential electricity end-USP,. This 

comparison demonstrates that the consumption pattern of Belize is considerably close 

to the values of other Central American countries. except for cooking. While in other 

Central American countries about 20 % of the residential electricity consumption is 

used for cooking, in Belize th!s share is negligible. niis is mainly caused by the 
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comparatively high eiectricity prices in Belize. People prefer to cook with the cheaper 

butane gas, though it is less comfortabie (handling of cyiinders). The comparison with 

the electricit~ end-use in the United States and Germany shows a typical difference 

between indu:;trial and developing countries. The share of electricity used for lighting 

and refrigeration is smaller in higher developed countries, while water heating, air 

conditioning, and in the case of Germany room heating (considered among •others") 

is of higher importance. 

B. Nationai Energy Survey - Industry and Services Sector 

During the second mission of consultant the sectoral aggregation, the sample and the 

qLJestionnaire design for the industry and services sector were discussed. With the 

experiences gathered during the residential electricity demand study Mr. Moreno from 

BEL will continue the electricity demand c.nalysis for these sectors. 

The industry sector is divided into sugar, citrus. bananas, food processing and light 

industry. All industrial sectors, except the ligt-.t industry, consist only of a very small 

number of companies. Therefore all compa11ies of these sectors will be surveyed. In 

the case of light industry a survey sample has to be selected with the help of the 

Central Statistical Office. For the industry sector a separate questionnaire was 

designed. 

Tt1e service sector is further disaggregated int::> tourism, commerce, Belize Defence 

Forces (BDF}, WASA (Water and Sewage Authority) operations, and Government/ 

statutory bodies/ streetlight1ng. Again, in the case of BDF, WASA and the government 

a complete survey, and in the case of tourism and commerce a sample survey will be 

undertaken. 
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V. ANALYSIS OF THE FUTURE ELECTRICITY DEMAND 

A. Objective 

It must be pointed out again that the objective of an energy demand analysis is not 

to predict a detailed figure ab~ut the energy demand in a certain year !n the future. 

Nobody knows what will happen in future and all we know we have only learned by 

observing the past. But since decisions that have to be taken today have long term 

effects it is necessary to analyze these intertemporal aspects, in order to find a basis 

for rational and robust decisions. Therefore, the objective of a demand study in 

general is not to forecast th& electricity demand, but to evaluate different strategies 

with regard to their infiuence on the electricity demand. The underlying criterias for this 

evaluation depend on the objectives of the counterpart invoived in the s':udy. In case 

of a government this objective may be e.g. energy conservation in order to reduce the 

import of fossil fuels. In the case ot a private utility the o!:>jective is ~o maximize profits, 

by reducing the co3ts and/or increasing the sales. 

B. Mocellinq Framework 

For the estimation of the influence of various scenarios and strategies on the future 

electricity demand of the resident:al sector in Belize, the energy demand and supply 

simulation model PlaNet of the MESAP Ill System was applied (se:: Chapter 1.8). As 

baseyear for the calcu!atio!ls the year of the Househoid Energy Survey, 1994 was 

chosen. A 20 year estimation period divided into steps of 5 years was used to show 

the impact of the trend in the long run. Thus, the results were calculated for the year$ 

1999, 2004, 2009, and 2014. 

C. Reference Energy System (RES) 

The Reference Energy System (RES) of the electricity nemand study for the 

residential sector i!=; attached to this report in Annex 15. The AES displays the 

structure of the anaiyzed system and thus the sequence of calculations from the 

activities (e.g. number of electrified households) on the right side to the final energy 

c1em8nd for electricity on the left side. A PlaNet·Aeport listing the processes and their 

input and output commodities is given in Annex 16. Further. a report listing the 
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commodities ar.d their units is shown in Annex 17. The equations of the resulting 

linear equation system are presented in Annex 18. This equation system is solved by 

P:aNet for each region. for each hypothesis, and in each modelling year. 

D. Regions 

As described in Chapter IV.A.1 the residential sector is sub-divided into 3 categories, 

namely URBAN GRID, RURAL GRID, and NON GRID. PlaNet offers the po3sibility to 

define different regions. Regions are characterized to have the same RES structure, 

but it is possible to define different input values for each region. Since in our case the 

types of end use appliances are the same in every nousehold category (same RES) 

and only the intensities. usages etc. vary from region to region (different input values), 

each category is modelled as one region in the PlaNet model. This reduces the 

modelling effort drastically. The RES as shown in .A.nnex 15 was defined only once, 

but is used for all three regions. Common data for all regio:is are entered or.ly once 

and automatically inherited to all regions, while the specific data for a region -nust be 

entered separately and is on•y valid for this region. 

E. Scenarios and Strategies 

To cover likely trends in the electricity consumpticn, resulting out of the overall 

demographic and economic development, that can't be influenced by BEL, three 

scenarios were considered. The scenarios for the residential sector are characterized 

by ditferent growtn rates in the number of households and in the number of appliances 

per household or per person (intensities). The light intensity (lumenhours per room}. 

the :...isage of the appliances (hc·urs) and the technical values of the end use technolo

gies (efficiencies. power ratings, specific consumptions) are assumed to stay constant 

in all scenarios. They could be influenced by BEL and therefore are subject of the 

strategies. 

Stagnation Scenario (ST AG) 
Low growth rate in the number of households of about 1 °/o per year in urban grid 

and of about 2 % per year in rural grid 3nd non grid. The number of appliances 

per househoid or per person remain on their level of 1994. 
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Reference Scenario (REF) 
The number of households grow with the same rate as between the census 1980 

and 1991: 2. 79 % per year in the case of urban grid and 3. 7 % in the case of rural 

giid and non grid. The intensities are assumed to grow at 1 % per year. 

Prosperity Scenario (PROS) 
High growth rate in the r.umber of hoi.:seholds of 3 % in the urban grid and 4 % 
per year in the rural grid and non grid region. High growth rate of 2 % per year in 

the intensities. 

~-~-=-------·- - - ------- -- ---..:.- -------- -----

Scenario Table, Residential Sector 
i:..------- _____ __J 
1· 

1: Scenario Parameter Stagnation Reference Prosperity 

No. of Households 

urban grid + 1 % per year + 2.79 % per year • + 3 % per year i 

rural grid, non grid + 2 % per year + 3.7 % per year + 4 % per year 
i-• ------------ ·-------· -r- ~---- --------- -

i• Intensities constant + 1 % per year + 2 % per year 
G_~ ---====----:::=-=--=::::;_-===-=----=---=--~---____:::-_-==-=---=-=---=-====-~=--=--:.-=--=--~~--=-::-:.._-_--~=--:::---_ ~- --------- --

To analyze and compare the impact of measures of BEL on the electricity demand of 

the residential sector, various strategies are considered: 

Business as Usual Strategy (BAU) 
No measures are taken. This "doing nothing" case is used to evaluate the other 

strategies. 

Market Increase Strategy (INC) 
This strategy analyzes the impact of various measures to increase the penetration 

of existing markets and the growth of new markAts, thus finally the increase of the 

sales. Possible measures considered by this strategy are: 

Extension of the grid into new areas (shift from non grid to grid). 

Connection of mure customers to existing grict (increase electrification rate). 

Enc0uraging thA use of electricity for end uses like e.g. cooking, water 

heating. 



27 

Load Management Strategy {LOAD) 

This strategy contains measures that are supposed to flatten the load curve and 
thus finally reducing specific generation costs: 

Promoting the use of more efficient appliances, especially in the case of 
lighting. 

Encouraging the use of appliances with constant or equal distributed load 
during the day, like e.g. refrigerators. 

A more general description of the scenarios and strategies for all economic sectors, 
is given in Report Vol. 2, Chapter X.D and Annex 3. 

Every combination of a scenario and a strategy will oe modelled as a so called 

hypothesis in the PlaNet model. The combination REF/BAU is considered as the 
reference hypothesis. In PlaNet, the input values of the reference hypothesis are 
automatically inherited to each hypothesis in case there is no other value specified for 
this hypothesis. So far, only the combinations with the business as usual strategy were 

calculated. The results of these calculations are presented in the following chapter. 

F. Results 

During the second mission of consultant for each of the three regicils (urban grid, rurai 
grid, non grid) three hypothesi~ have been calculated (STAG/BAU, REF/BAU, 

PROS/BAU). The detailed restrlts of these 9 model calculations are presented in 
Annex 19 in tabular form and in Annex 20 in graphical form. 

In case of the Stagnation I Business as Usual hypothesis the electricity demand of the 

residential sector in total Belize is estimated to increase from about 57 GWh per year 
in 1994 to about 75 GWh in 2014. This is equal to an average growth rate of approx. 
1.4 % per year. In the REF/BAU hypothesis the electricity demand increases with 

about 4 % per year and is estimated to approx. 125 GWh in the year 2014. Finally, 

in the PROS/BAU hypothesis the residential demand for electricity reaches the level 
of about 155 GWh in 2014 with an annual average growth rate of 5.1 %. 



28 

VI. CONCLUSIONS 

Concluding, the objectives of the second mission of consu!tant and of the project in 

general, have been reached. 

The essential backbone and main objective of the overail project was to train and 

fan1i1iarize local staff with computer-based energy planning methods. Within tt"le project 

t\"w':i employees of Belize Electricity Limited (Mr. Moreno and Mr. Mencias) were trained 

on the basics and principles of energy planning in an intensive one month course, 

taking place at ti ,e University of Stuttgart, Germany, from February 28 to March 25, 

1994. During the second mission of Mr. Bosl to Belize, taking place from September 

19 to November 1, 1994, Mr. Moreno from Belize Electricity Limited (BEL} was further 

trained in depth in the field of survey analysis and electricity demand analysis. Thus, 

within the project the local capability to create and analyze energy planning models 

was built. 

Beside the educational part, a comprehensive case study for Belize was set up. 

Though the personal bottlenecks on behalf of BEL during the final phase of the 

project, a detailed electricity demand analysis of the residential sector was done. The 
specifications, assumptions and results of the household electricity demand study are 

described in Chapter IV and V of this report. The results attained so far are very 

promising and from the extension of the study on the other economic sectors 
interesting outcomes may be expected. 
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VII. RECOMMENDATIONS 

During the National Household Energy Survey a huge amount of data was gathered, 

covering all residential energy uses and all energy carriers. The results of this survey 

are not merely valuable for the actual electricity demand study by BEL, but also for 

numerous other studies and organizations. 

Therefore, it is recommended that the results are made accessible for the Central 

Statistical Office (CSO) and the proposed •Energy Unir of the Government of Belize. 

Further, it is recommended to update t'1is micro survey on a regular base every 3 to 

5 years and to incorporate the main energy related questions into the census, carried 

out by the CSO every 10 years (last census: 1991). This would enable the planning 

department of BEL to build up a contim'.ous energy data base and thus to improve the 

quahty of future studies and decisions. 

So far, a detailed electricity demand analysis of the residential sector, covering all 

steps from the data collection to the graphical presentation of the results, was 

performed. After the intensive training on energy planning methods of some BEL staff 

members, they should be in the position to carry on working in this field on their own 

and to extent the existing study. 

As a first step, it is recommended to incorporate additional strategies into the 

residential electricity demand study and to analyze their impact on the electricity 

consumption, as described in Chapter V.E. 

Further, it is recommended to extent the analysis on other economic sectors. In order 

to get a reliable data base it is recommended to conduct an energy survey for the 

industrial and services sector, as specified in Chapter IV.B. 
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ANNEX 1: SPECIACATION OF DELIVERED COMPUTER EQUIPMENT 

=LAMINGO EXPORT COMPANY 
~001 NW 97 TERR 
~EDLEY,FLORIDA1 33178 
TEL:305/887-5884/FAX:887-7605 

Sill To: 
BELIZE ELECTRICITY LIMITED 
115 BARRACK ROAD 
BELIZE CITY BELIZE 
CENTRAL AMERICA 

·~~:Ice is true and 
no other i · Sts -· -~ ·· . 

I I 1 "'- ' '"" e •"• ... 
• .,,,, . ,.LI .• I • • 

ftamingo ExpOrt eo.O o g O 5 9 15. Jut 3 ~ 

Ship To: 

! ·:iJ~PO~'TS 
r~:_1 :.::~·-=-~ -~~:. ·< 

INVOICEC673 
DATE 7/12/94 

TEL:011-501-2-77141 
FAX:011-501-2-75838 STORES 
FAX:011-501-2-31905 COMPUTER 

P.D "lu•ber · Ter•s 
RE~ ~79/0347DP 30 DAYS INVOICE: C.I.F.BELIZE/AIR & SEA 7/15/94 F-0 
=========================~================================================ 

Description A•ount 

J0 t/7-t.JOI DOS VERSION 6.2 . ( @ 228.00 456. 00 &;,;. 

'/}'i1-t ·D - ';,t COMPAQ MINI COMPUTERS /, @ 3833.00 7, 6&6. 00-

~5. ~-li.11 H l?- ACTON ETHER"IET COMBOS _; @ 90.00 180. 00-

~~ ~ ?\ "! -_oc. ..( r COLORnDO JUMBO TAPE .,/ I!' 250.00 250. 00 -

~- l_o->C~ AMERICAN POWER (2000VA> .I v: 1335.00 1, 335. 00 -

,"" . ...--: L!..~~111 HEWLETT/PACKARD LAZERJET<4M+ @ 2423.00 4, 84&. 00 -

~~n1;1.. COMPAQ CONTURA NOTEBOOKSV @ 3850.00 7, 700. 00-

.~ c'250 DATA CARTRIDGES<DC&250) 1,./ 
@ 33.00 9':*. 00 -

~· H1111:11 a TONERS HIP (4M+> ../ @ 120.00 240. 00-

fll'J1.% PRINTER CABLES V' @ 7.00 14. 00 -

~ --, jJ.iJ :J/ WINDOWS < V 3. 1 U I @ 102.00 30&. 00 -
I -=>. • 

PARADOX<V4.SW> / @ 150.00 300. 00-
~,. .J 7L-'111.Z 

~: 1 / .5. I i..l°); Z. WORDPERFECT<V6.0>/ @ 318.00 318. 00 -

~/vG.Z:6Hf/ FREELANCE<V2.01/W> ~ @ 32&.00 &52. 00-

/O'/..St.l~ QUATTRO PRO<VS.0/W> v @ 50.00 50.00 

\r );'/'J35/J/. COMPAQ SVGA MONITERS<17"> l @ 1&25.00 3,250.00 

~ 611'/o SYSTAT/WINOOW~ / 
@ 1050.00 2,100.00 

-------------
Subtot. $ 29,762.00 

FREIGHT 300.00 
---------------

GRAND TOTAL: $ J0,062.00 
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ANNEX -1: JOB DESCRIPTION 

UNIOO 
l.NTED NATIONS INOUSTRIAL OE\'ELOPMENT ORGANIZATION 

JOB DESCRIPTION 

Request from the Go.iemment. cl Belize 

May 199'4 

Sl/8ZE.fJ2/803/ll-51 

Coasukanl OD canput:r-based energy system modeling and analysis 

9weeks: 

a) 3 weeks home-base 
b) 6 wee~ mission in Belize in September 1994 

July 199'• 

Belize and home base 

P~rpose of the project To assist lhe Belile Electricity Board to identify md assess strategies to 
contn>I dcdric:ity demand, and to provide reliable and low-cost supply. 

Duties The consultant will be cxpcded to: 

a) At the home-base: Revise the MESAP module PlaNct and prepare it 
for Bdil.can application. PlaNct is a combined energy demand analysis 
and supply simulation model, with menue-guide and GUI. 

b) In Beliu:: 

• lnsta;I and c:ommission the comp!~ computer system. 

• Assist counterpart in building and solving the electric power 
system models. 

• Based on the model solution results and their analysis, give 
advise to formulate altemative supply planning and demand 
management, strategies with optimization models, 
input/output routines and operating procedures. 

• Train counte~art personnel. 



Qualifications 

Language 

34 

A university degree. preferably in engineering or science; practical experience 
in computer applications and programming; specific experience in optimization 
software and modeling in connection with 1he utility operations, resource 
assessment, energy technologies, and energy planning/programming. 

English 

Background information: 

The dependence of Beiza on imported equipment and fuel has placed an obvious 
burden on the entire economy. Moreover, this burden is likely to increase because of growth 
in electrical demand and inevitable increases in~ prices of eqlJir.menl. and possi>ly of fuel. 
Ultimab!y, this dependency reduces national income, increases unemployment, and slows the rate or 
social developrnenl 

The anuua: expendilur-, will ~row as eledric:i:y demand rises due to economic 
expansion and social developrr.ent Until ~.the pole111ial for reducing these costs has not 
been systematicaUy examined. Certainly ~re are some Olre~s where generation practicE.s or 
~logies may be changed with r!latively ~ inYeslment to produce substantial savings. 
This situation must be addr~ in order to better albcaf~ national resa.irces and to prevei1f fut1.1re 
economic hardship. 

By identifying electricity demar.d management and supply planning opportunities 
suitab:e for Belize, the current energy sit'Jation can gradually be transformed into a more 
selt-sufti2:lt, cheaper energy Mure. Use of these different energy p(anning tools can 
minimize thP. economic problems associated with dependency on imported oil. ThS proposal outfines 
an immecfiate assistance to identify and adopt an integrated planning fr.Jmework that OJn be used to 
assess lhe effectiveness of various policies •nd technologies which contribute to a sustainable energy 
future in the are of ell?ctricity generation for Belize. 
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DISTRICT 
COROZAL 
ORANGE WALK 
BELIZE 
CAYO 
STANNCREEK 
TOLEDO 
TOTAL 

Source: 
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ANNEX 5: NUMBER OF HOUSEHOLDS 

Belize National Energy Survey - Household Sector 
Number of Households 

BEL i IER I CSO 
October 1994 

TOTAL URBAN RURAL 
1980 ~991 Growth 1980 1991 Growth 1980 

4051\ 5518 2.84% 1322 1498 1.14% 2734 
4003 5750 3.35% 1485 2206 3.66% 2518 

10659 13530 2.19% 8437 11094 2.52% 2222 
4196 7299 5.16% 2103 3429 4.54% 2093 
2934 4140 3.18% 1371 1546 1.10% 1563 
2289 3595 4.19% 509 815 4.37% 1780 

28137 59832 3.21% 15227 20588 2.78% 12910 

1980 figures extracted fror.1 the 1980 census, Central Statistical Office (CSO) 

1991 Growth 
4020 3.57% 
3544 3.16% 
2436 0.84% 
3870 5.75% 
2594 4.71°/o 
2780 4.14% 

19244 3.70% 

1991 figures are based on the 1991 census, updated for the National Laborforce Survey 1993 



District 
. -oroza 

2. Oranga Walk 
3. Belize 
4. Cayo 
5. Stani'\ Creek 
6. Toledo 

ota 

Belize National Energy Survey - Household Sector 
Survey Statistics 

BEL/ IER I CSO 
October 1994 

Values for 1994 are estimated based <.n the growth rates estimated frnm 1980 to 1991 census figures as shown on Table "Number of Households" 
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ANNEX 7: HOUSEHOLD ENERGY SURVEY - QUESTIONNAIRE 

QUESTIONNAIRE NO: 

BELIZE ELECTRICITY LIMITED 

PLANNING DEPARTMENT 

NATIONAL ENERGY SURVEY 

HOUSEHOLD SECTOR 

SEPTEMBER 1994 

District Number [:=J 

Area [:=J 

ED Number I I I 
Household Number I I 

1. Name of Head of Household: ......................... . 

2. District: ............................................ . 

3. City/Town/Village: .................................... . 

4. Te le phone No: ....................................... . 

' 1/18 



s. Classification: [] 
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1 URBAN GRID 
2 RURAL SRID 
3 NON GRID 

Major towns connected to the future BEL grid system are to be 
considered ~s Urban Gr.id together with communities that form part 
or are very close to th~ major po?ulation centers e.g. Ladyville in 
the case of Belize City; Santa Elena in the case of San Ignacio, 
etc. All o~her villages or communities that are to be connected to 
the future Be~ grid system shall be considered Rural Grid. Systems 
to be ieft isolated and shal_j_ not make part of the gric1 system e.g. 
Pun~a Gorda, Maskall, Sarteneja shall be considered Non Grid. 

6. Interview status: D 

CONTROL 

L 

2. 
3. 

Comple•:..e 
Partially complete 
Refusal 

4. Vacant 
S . No contact 

7. Date of Interview .................... (DD/MM/YY) 

8. Time of Interview from ........ to ........ (AM/PM) 

9. Total time of interview ................... . 

10. Interviewer's Signature .............................. . 

11. Cne~ked Supervisor's Signature ...................... . 

Date: ..........•• (DD/MM/YY) 

2/16 
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12. Punched a:ld verified: ............................... . 

Date: ............. (DD/MM/YY} 

SECTION I 

General 
Household Information 

13. Total nua,ber ox: rooms (include outside kitchen and veranda 
with permanent fixtures; exclu~ toiiets, stores and other 
outside bu~_ldings) ........... . 

14. Approximate size of hous~ ... ft. X ... ft. X ... levels. 

15. For how many people - not necessarily living in household -
are following meals prepared. 

MEALS WEEKDAYS SATURDAYS SUNDAYS 

Breakfast --
Lunch .. 
Evening Meal -

16. Informatio~ on use of ii.Qt. water Bathing purpo~es: 

• I i DESCRIPTION 1 = YES •USERS PER 1 GALS. HOT 
2 = NO f WEEK V:ATBR/USER 

Bath (exclude shower) I ----
Shower I .. 

3/18 
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17. Does the household undertake small scale farming (as a major 
activity) on the land on which their house is located? 
(Indicate with a J) 

1. DYES 
2. ONO 

18. Is any carpentry, electronic re~airs, garages or other such 
energy consuming activities undertaken on the premises of 
the household for commercial purposes~ ·:ndicate with a J) 

1. DYES 
2. ONO 

4/18 
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19. What fuel do you presently use for the following activities? 
Indicate with the following: 

0 Not in use 
1 Only fuel use 
2 About 1/4 in use 
3 About 1/2 in use 
4 More than 1/2 in use 
5 Rarely used 
9 Not applicable 

E s 

1 0 

e 1 H 

c K c F a e 

t e h . c r a ... 

r r a r a t 

i 0 r e n w i 

c s c w d a n 

i G e 0 0 1 t g 

t a 11 a 0 e e 

y s e 1 d s r 

1. Light:ing 

2. Cooking 

3. Water Heating * 

4. Refrigeration 

5. Room Cooling ** f~:~, 11 ~- :~tJ}~ ....__ _____________ ..__ _______ . __ ,._·:-·~· • .._• . - ··:.11,.· ....... 

* Ex~lude for cooking purposes 
** ·Air Conditioning 

5/18 



20. FILL IN THE FOLLO\./ING TABLE \./ITH THE REQUIRED HOUSEHOLD INFORMATION. 

LIST or ALL PERSONS PCRMAN£NTLY 
APPLIES TD PCRSDNS AGCD 14 YCARS AND CVCR LIVING IN HDSEtO.D 

S•>e Age DccupCl trons 
SECTOR Typ• N•t IncOl'I• 

R•Mal"ks No. HCll'I• 'Y•Clrs: 
or • •• <Hz/l'lonth> <Mir> Typ• of' Vork 

1 

2 

3 . 
4 

' 6 

7 

8 

9 
(]\ 10 ~ 10 
' N ...... 
00 

11 

12 
13 

14 

15 

16 

Gross 1ncor1e of' household C$Bz/Month> 

Toto.l nur1ber of' people perr1anently living In the household 

[- -HJ 
I I 

• 1. Govel"nMent •• 1. F"ull tll'le 

2. SeMl-GovernMent 2. ro.l"tlMe/seo.sono.l 

:1. Pr1va ·te ~. N1:rt eMployed 

OUTGOING PAYMENTS /MONTH 

LOAN [- J 
RE:NT I :J 
DTH£R LIVING EXPENSES C I 
SAVINGS r I 
TOTAL I I 
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SECTION II 
ELECTRICITY usE 

21. Do you use electricity in this household?{Indicate with a/) 

1. 0 YES 

2. ONO 

lrF NO, DO 22 THEN GO TO 36 

I IF YES, SKIP TO 23 I 
22. What is your reason for not using electricity? {Indicate 

with a ,/) 

{i) Price of electricity too expensive 1. D 
(ii) Connection and wiring is too expensive 1. D 
(iii) Electrical appliances are too expensive 1. D 
(iv) Electricity supply net available 1. D 
{v) Electrich·.y not suitable for our needs 1. D 
(vi) Other {Specify) ...... ~ ......... . 

23. Do you have your own generator{s)?(Indicate with a/) 

1. 0 YES 

2. ONO 

I IF NO, GO TO 30~ 

24. What is the size of your generator? (add all units to get 
total generating cpacity in KW if more than one unit) ..... . 

7/1& 
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25. What fuel do you use for this generator?(Indicate with a J} 

1. D DIESEL 

2. D GASOLINE 

26. How many gallons of fuel per month do you use for tnis 
generator? ............... . 

27. How much do you pay per gallon of this fuel? (BZ$) ...... . 

28. How many hours per week do you operate this generator? ..... . 

29. What is your average montlly fuel bill(BZ$)? ....... . 

30. Are you connected to BEL supply?(Indicate with a J) 
1. DYES 
2. ONO 

I IF NO I GO TO 3 3 I 

31. What was your last electricity bill(From BEL in BZ$)? ..... . 

32. What was your last month electricity consumption in kWh 
(From BEL) ? ........... . 

33. Are you using more or less electricity than a year ago 
(Indicate with a ~) 

1 

2 

3 

D 
D 
D 

More 

Less 

Same 

8/18 
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34. Inventory of household electrical appliances. 
( i) Lighting 

APPLIANCE UNITS IN AVG. USJl.GE H/DAY PER 
USE UNIT * -

1. Incandescent BU.Lb 
(40 watts) 

2. Incandescent Bulb 
(60 watts) 

3. Incandescent Bulb 
(75 watts) 

~- InC'andescent Bulb 
(100 watts) 

5. Flourescent Tube 
(20 watts) 

6. Flourescent Tube 
(40 watts) 

-
7. Other: ..... 

. . . * If usage/day less than an hour, state in minutes e.g.30 mins . 

(ii) Cooking 

APPLIANCE 

1. Electric Stove 
with: 

1.1 Plates 

1.2 Grill 

1.3 Oven 

2 Microwave Oven 

3 Kettle 

4 Toaster 

5 Rice Cooker 

POWER UNITS IN 
RATING (W) USE 

9/18 

AVG. USE PER 
DAY !H/DAY) PER 
UNIT 
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{iii) Refrigeratjon 

APPLIANCE UNITS IN USE AGE IN YEARS SIZE * 

1. Fridge with Freezer 

2. Deep Freeze 

* Indicate as follows: 

1 - small: refrigerators or freezers less than 3 feet in 
height 

2 - medium: refrigerators or freezers 3 to 5 feet in height 

3 - large: refrigerators or freezers with more than 5 feet 
in heignt·or length 

(iv) Water Heating 

APPLIANCE 

1. Shower 
Head 

2. Storage 

UNITS IN POWER 
USE RATING(W} 

SIZE OF STORAGC 
TANK (GALS) 

(v) Laundry (by Washing machine) 

TEMPERATURE 

1. Cold 

2. Warm 

3. Hot 

AVG. NO OF LOADS 
PER WEEK 

10/18 

GALS. HOT 
WATER/WASH 

-:~· ... , .. --·or,· .· ' ... _...,.,, . r< ·.Jiw..···7' 
•. r".i.'". : · .. • .. · . 



1. 

2. 

3. 

4. 

s. 

6. 

7. 

35. 
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(vi) Other Electric Appliances 

APPLIA?:CE UNITS SIZE POWER AVG. USAGE 
USED ** RATING (W) (H/DAY) PER 

UNIT* 

Air Conditioner A'i z ···~ 

Fan -Television 

Video Ii tf·.r:_•·.:.<•-- .... 
~..-:'-~ 

Hif i ,..sr~...e-
~;:"'~ ...... -

Radio (electric) if•~t~ ~~~--
Iron ~~j !~· _:_ . .: .. =-~ .. 
* If usage is less than an hour indicate length in minutes. 
** Indicate the following: 

What 

s - small: ecreen smaller than 6" 
m - medium: screen 7-20" 
1 ·· large : screen larger than 2 O • 

alternative energy form is used in 
electricity (Indicate with a ,/) 

(i) Standby Generator 1. D 
(ii) LPG (Butane) 1. D 
(iii)Firewood 1. D 
(iv) Kerosene 1. D 
(v) Charcoal 1. D 
(vi) Candles 1. D 
(vii) Other (Specify) .............. 

11/18 

the absence of 
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SECTION IIt: 

LPG (BUTANE GAS) USE 

36. Do you use butane gas in this ho~s~hold?(Indicate with a J) 

1. DYES 

2. ONO 
I IF YES, SKIP TO 38 

I IF NC 00 37 THEN GO TO 44 

37. If no, what is your reason for not using LPG (Butane Gas)? 
(Indicate witn a ~) 

(i) Fuel is too expensive 1. D 
(ii) Cylinders and regulators are too expensive 1. D 
(iii) Appliances (e.g. stoves) are too expensive 1. D 
(iv) Gas not easily available 1. D 
(iv) Unsuitable for our needs 1. D 

38 Which of the following gas equipment do yo11 have IN USE? . 
APPLIANCE UNITS IN USAGE HRS/WEEK/UNIT 

USE •••••• ~~--~ :, :::·.-: ~ :.y~ 
1. Gas Stove with: :·;: '# •• :.. 

. ;'it.. t .... , ~ 

~· ·~· I.•:.; 
. ~)-y,j.., { "I. 

1.1 Burners 

1.2 Oven 

1.3 Grill 

2 Gas Refrigerator 
... . . :.;r:i~ .. •. ;..,.;_, 

: •,"i'l,t .. · .. ··~· '."< .:.,,,:..·~' . .. "' '· , ... 
< r:·.--:. 

3 Gas Water Heater ?i • .' 

4 Gas Lantern 

12/18 
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39. What size of gas cylinders do you buy?(Indicate with .I) 

1. 25 lbs. (small) lo 
2. so lbs. (medium) 

20 

3. 100 lbs. (large) 30 
4. Other (Specify) ............. 

40. How much do you pay per cylinder including delivery (size as 
identified above in BZ$) ................. . 

41. What is the average duration of the size of cylinder you 
normally buy (weeks)? .............. . 

42. What is your average monthly gas bill (BZ$)? ........... . 

43. Are you consuming more 
ago? (Indicate with ./) 

or less LPG (Butane Gas) than a year 

1 D More 

2 D Less 

3 D Same 

SECTION IV 

KEROSENE USE 

44. Do you regularly use kerosene as a main energy source in 
this household?(Indicate with a J) 

1. DYES 
2. ONO 

13/18 
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: IF YES, SKIP TO 46 

I IF NO, DO 45 THEN GO TO 51 I 

45. What is your reason for not using kerosene in this 
household?(Indicate with~). 

(i) Kerosene is too expensive 

(ii) Apliances are too expensive l[J 

(iii) Poor availability of kerosene l[J 

(iv) Inappropriate for our needs l[J 

(iv) Other (Specify! ................ . 

46. How much do you pay for a gallon (1 gallon is equivalent to 
4 quarts) of kerosene?(BZ$) ............ . 

47. What is your monthly kerosene bill(BZ$)? ......... . 

48. How much kerosene do you buy per month (gallons) .......... . 

49. Are you using more or less kerosene than a year ago? 
(Indicate with a ~). 

1 [] More 

2 D Less 

3 D Same 

14/18 
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~a. Inventory of kerosene appliances in use 

APPLIANCES 

1. Kerosene Stove 

2. Kerosene Lamp 

3. Coleman 
Pressure Lamp 

4. Kerosene 
Refrigerator 

S. Other: 
(specify) 

UNITS IN USE tJNITS AVERAGS USAGE 
(HOURS/WEEK/UNIT 

SECTION V 
CHARCOAL USAGE 

51. Do you use charcoal in this household?(Indicate with a J) 
1. DYES 
2. ONO 

IIF YES, SKIP TO 53 

I IF NO, DO 52 THEN GO TO 58 

52. What is your r~~son for not using charcoal in this 
household? (1ndicate with ~). 

(i) Charcoal is too expensive 

{ii) Charcoal appliances are too expensive 

(iii) Poor availability of charcoal 

{iv) Not appropriate for our needs 

{iv) Other {Specify) ................. . 

15/18 

1. 

1. 

1. 

1. 

D 
0 
0 
D 
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53. What is the price of charcoal? ($/lb or equivalent)° ........ . 

54. How much do you spend on charcoal? . <Simonth) ...... · ...... . 

SS. What quantity of charcoal do you use per month? (lb/month or 
equivalent) ............ . 

56. What percentage of charcoal do you use for the following: 

(i) Cooking ............ % 

(ii} Ironing ............ % 

(iii) Water Heating ....... % 

57. What type of charcoai·do you mostly use in this household? 
(Indicate with .I);· 

1 

2 

D 
D 

Local 

Imported 

SECTION VI 

FIREWOOD USE 

58. Do you use firewood in this household?(Indicate with a./) 

1. DYES 
2. ONO· 

I IF NO I GO TO 6 5 I 
59. What is your total weekly firewood consumption (pieces) ..... 

16/18 

I, '. ,,· .. 
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60. Of your total firewood needs what percentage do you buy? {%) 

I IF 0% GO TO 63 .1 

61. How much do you pay per piece firewood{BZ$)? ............. . 

62. What is your monthly bill for firewood(BZ$}? ........... . 

63. Specify the times per week and the average hours each time· 
the following members of the f am~ly spend collecting 
firewood. 

FAMILY MEMBER TIMES PER WEEK AVERAGE HOURS EACH TIME 

Father 

Mother 

Children (No.) .... 
Other 

64. What percentage of firewood do you use for the following: 

(i) Cooking "' .......... 

(ii) Water Heating(for bathing & laundry purposes) ....... %. 

SECTION VII 

OTBER DOMESTIC FUEL USE 

65. How many candles do you buy per month? ........... . 

66. How much do you spend per month on candles?(BZ$) ........ . 

17/18 

.' · .. 

-
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67. Indicate the number of the following dry batteries do you 
normally use per mcnth? 

BATTERY SIZE: PIECES CONSU¥.ED/MONTH PRICE/PIECE (BZ$) 

Small (AA 1.5 V) 

Medium (C 1. SV) 

Large (D 1. 5 V) 

6 Volts 

9 Volts 

Other: (Specify) 

68. What uses do you have for <lry batteries? 
Tick (./) appropriate.pox. 

(i) Flash light. 1. D 
(ii) Radio 1. D 
{iii) Television 1. D 
(iv) Emergency lighting 1. D 
(v) Other (Specify) ....... . 

69. Do you use 12 volts car batteries in this household? 
(Indicate with a ./) 

1. DYES 
2. ONO 

70. If yes: 

(i) Hew many units do you have? ........... 

\ii} How many times per month do you charge them? ........ 

(iii) Hew much do you pay per charge? (BZ$) .....•.•.. 

18/18 
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ANNEX 8: HOUSEHOLD ENERGY SURVEY - INPUT FORM 

1. Head of Household : 

2. District : 

3. CitylTownMllage ; 

4. Talephon9 No. : 

5. Classification : 

District Number : fl 
lvea: ml 
ED Number: (Bill 

Household N11nber: -

y ,.,. ~ ,., ' 

:.;..~~ A.-V '""-A.-~A ~ ~~'.<!>:'. 

""~~,..,.,.,., .,.,.,..":'"'?~~ .,.,..,.~, -, • 

:.,.:,~4:. .. ~: .. ::.":.:A ....... ;: .... ; ....... ......,.~k.» 

m (choose tom 1st or type in) 

fl (choose tom ist or type in) 

I 
L..-~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~___J 

13. Number of Rooms:~ 

14.Sizeolhouse CJ llX CJ llX CJ levels. 

15. For how many people· nol necessarily living in the household - are 118 fol!owin51 meals pre?ared ? 

Meals Weekdays Saturdays Sundays 

Breakfast 

Lunch 

Eveniig Meal 

Shower 

17. Small scale fanning? 

I 
I 
I 
i 

'-----------------·---·-·-_J 

---------
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18. Smal business ? 

• 19. Whal fuel do you presenly use lar lie illcMing aclvlles? 

Gu 

1.~ 

2.Cooking 

3. war.r Healny 

4.RefriJerakn 

5. Room Cooing 

20. HouMhald inbrmallon on income, npe."\HS, and runber of p90ple 

G•oss Income: r=:=i 

Number of people lvlng in household : -

Loan: 

Rani: 

Otwlr IMng expenses : ....._ ___ ] 
Savlngt: c::==i 
Total: 

L __ · ---



57 

21. Do yu. use electrlcity 7 

• 
22. I NO. what Is yow rea10n for nol •JSing electricity ? (cick none, one. or S8Vflral) 

(ii) Elec:rical appianc;es are too expensive 

[Iv) Eledrlc:ity supply not available 

(v) Electicity nol suitable for our needs 

23. Do you have~ own generators ? 

24. Total generatiog capacity (KW) : 

25. What fuel do you UM for Ills generator? 

26. How many galons of fuel per monlh do you UN for tils generator ? C=:J 

27. How much do you pay per gallon ? (BZS) : 

28. How many hours per week do you operata lhls generator ? 

29. What Is your average montily ~ biA (~Z$) ? --, ' 

-1 
I 
I 
f 
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30. Ale you C01118Ctad to BEL supply ? [;] 
~t'fES 

ENO 

31. What was ycx.-lasteledricilybil from BEL (BZS)? 

32. What was ycx.- last month's electricity COMUmplon from BEL (kWh) ? 

33. Ale you using more or less electricity than a year ago ? 

34. lnventoryof household efeclrica' pli . ao, iances. 
Q) Lighting APPUANCE UnltalnU• 

1. Incandescent Bulb 40 W 

2. Incandescent Bulb 60 W 

3. Incandescent Bulb 75 W 

4. Incandescent Bulb 100 W 

5. FkM;tescent Tube 20 W 

6. Flourescent Tube 40 W 

fli)Cooklng APPLIANCE UnltalnU• 

1.1 El. Stove I Plates 

12 8. Stwe I Grill 

1.3 El. Stove I Oven 

2. Microwave Oven 

3. K•llle 

4. Toaster 

5. Rice Cooker. 

Avg. Usage twAY 

Avg. UNge twAY 
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Units In u. Age In years 

(IV) Waler Healhg 

Ii--:-~-a-age_Head _____ -+-_u_n1_ts_1n_u_._~ 
(v) I.Judy (by Washing Machine) 

TEMPERATURE 

1. Cold 

2. Warm 

3.Hot 

(vi) Olher Electric ~ces 

APf'UANCE Units Used Avg. Ugge HIDAY 

1. Ail Condloners 

2.Fans 

3.Televlslcn 

4. Video 

5. Hifl 

6. Rado (electric) 

7. Iron 

35. Whal al!Mnallve enersw form Is used In lie absence of elec:trlcity 1 (click none, one, or several) 

(I) Slanct>y Generator 

(Ii) LPG (Bulane) 

(Hi) Firewood 

(IV) Kerosene 

(V) Charcoal 

(vi) Candlllt 
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36. Do you use LPG (Butww Gas) ? 

• 37. I NO, what Is your reason for not using LPG {Bulane Gas)? (clck none, one, or several) 

(i) Fuel Is"° expensiv8 ti 
(i) Cylinders end~ are expensive m 
(ii) Applances (e.g. stoves) are IDo exper.siYe II 
(Iv) Gas not easly available 

(v) UnsWtable for c.ur M8ds 

38. Which of lhe folowing gas equipment do you have in use ? 

APPLIANCE Units In U• Avg. Usage H/WEEK 

1.1 Gas Slove / Burners 

1.2 Gas Stove I Oven 

1.3 Gas Stove/ Grill 

2. Gas Refrigerator 

3. Gas Water Heater 

4. Gas Lantern 

39. What size or gas cylinders do you buy (lbs.)? 

40. How much do you pay per cylincler Inducing delvery (BZS) ? 

41. What is the average dJratlon of 1\8 size of eylnder (wHks)? 

42. What is your average rnonlhly gas bill (BZ$) ? 

43. Are you consuming more or less LPG (Butane Gas) than a year ago ? 

(=:J fl1 (choose from fist or type In) 

I 

~re 

(IL.ess 

~fSame 
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44. Oo you ntglBtf US& Kerosene ? 

• 45. If NO, what Is ycu reason for not using ~ ? (cick none, one, or several) 

(i) Kerosene h bo expensive 

(i) Appiarll:eS •• bo expensive 

(ii) Poor availability of Kerosene 

46. How nu:h do you pay lot one galon of kerosene (BZS) ? 

47. Whal is ycu monH,< kerosene biD (BZS) ? 

48. How nu:h kerosene cb you buy per month (gallons) ? 

49. Al• you uq more or less Kerosene than a Y•• ago 1 

50. lnventoly of Kerosene appiances in use 

APPLIANCE Units In U• Avg. Uuge HIWEEK 

1. Kerosene Slov• 

2. Kerosene Lamp 

3. Coleman Pressure Lamp 

4. Kerosene Refrigerator 

,· ... 
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51. Do you use Charcoal ? 

• 52. If NO, what Is yow reason lor not using Charcoal ? (clck none, one, or several) 

(i) Charcoal Is b> expensiv8 B 
(i) Charcoal applances .... b> expensiv8 ii 
(ii) Poor avalability of Charcoal • 

(Iv) Not appropriala lor our needs m 
53. Whal is the price of Charcoal (BZS /lb) ? 

54. How much do you spend on Ctlarcoal (BZS I month) ? ._C ___ _, 

SS. What quantitf of Oli. ·coal do you use (lb I month) ? C:J 

56. wt.al percentage of .::tla.rcoal do you use for lhe bRowing: 

(i) Cooking (%) 

(i) Ironing (%) 

(ii) WalM Healing(%) C:J 

57. What !'/Pe of Qlarooal do you mostJy use ? 

DLoc:al 
~4).lmporled 

._____ ______ _J 
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58. Do you use Firewood ? 

Ill 
59. What Is yow t>tal W8Al!ty lrewood consumption (pieces) ? [=:J 
60. or yow 1o1a1 hwooci :!Mds what P8R*'•lagll do you buy (%) 1 c=J 
61. How much do you pay per piece hwood (BZS) ? 

62. What is yow montlly bil for firewood (BZS) ? 

63. Specify ht times spend for CXlleclng fir9WOOd: 

FAMI.. y lllEll8ER Times/Week Avg.. Hours eKh tlme 

Fahr 

Mohr 

Q.lcten, No.: 

Olhar 

64. What percanlagll of firewood do you use for Iha following; 

(i) Cooking('%) c=J 
fn1 Water Healing{%} c==i 

65. How many candles do you buy per month ? 

66.How much do you spend per month ei.1 utncles (BZ$) ? 

67. lndcale lhe runber of lie following dry bal!arie.• Y°'-U nofl!'.ally use per month. -- --·-
BATTERY Sl2E PCS. CONSUMED I MONTH PRICE I PIECE 

Small (AA 1.5 V) 

Medum (C 1.5 V) 

l.alge (0 1.5 V) 

&Volts 

9Volls 

68. What u .. s do Y"U have for dry batteries ? (clck non•. one, or sev•ral) 

(I) Flash iight ~ 

fri) Radio 

I (Ill) Telwlslon 

(Iv) Ern.rgeney ~ting 

L._ 

m 
~ 
m 

J 
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69. Do you use 12 Volt car balllries in this household ? 

• 
70. lfyes: 

( I ) How many units do you haw ? 

! i ) How many Imes per month do you charge lhem ? 

( ii ) How much do you pay pet charge ( BZ$) ? 



• 
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ANNEX 9: HOUSEHOLD ENERGY SURVEY- AGGREGATED RESULTS 1 

Belize National Energy Survey - Household Sector 
Aggregated Results 

BEL\ IER \ CSO 
October 1994 

I Number and percentage of Households using a certain Fuel for a certain Use 

Total Belize 

I Fuel Electricity LPG 
Use 113 I 
lighting 1027 80.0 14 

I 
Cooking 10 o.e 9n 
Water Heat. 64 5.0 1 
Refrigeration 632 49 .3 2 

I 
Room Cooliilg 16 1.2 
Wash. Mach. 419 32.7 

I 
I 

Urban Grid 
Fuel 

Use 
Lighting 
Cooking 
Water Heat. 
P.efrigeration 
Room Cooling 
Wash. Mach. 

Rural Grid 

Electricity 
# % 
619 95.2-

8 1.2 
41 6.3 

423 65.1 
14 2.2 

Z63 40.5 

LPG 

% 

l\ll!rosene 
# 
53 

I Use 
Fuel Elect:icity U'G Kerosene 

# I % # % # % 
T"-~+--=-=+-~~~ Lighting 226 75.8 2 

I 
Cooking 
Water Heat. 
Refrigeration 
Poem Cooling I Wash. Maeh. 

2 0.5 :304 
17 4.0 1 

159 3"/.0 0 

Non Grid 

0 0.0 
142 33.0 

I Fuel Electricity 
Lise I# % 
Lighting 82 40.4 

I 
Cooking 0 0.0 
Water Heat. 6 3.0 
Reirlgeratlo11 50 24.6 

I Wash. Mach. 

I 
I 
I 

14 0.1 

LPG 
# 

85 
0 
2 

Kerosene 
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ANNEX 10: HOUSEHOLD ENERGY SURVEY-AGGREGATED RESULTS 2 I 
Belize National Energy Survey - Household Sector I Aggregated Results 

BEL\ IER \ CSO 
Odober 1994 

(absolule ~ relaled to~ size) (abscllule figuras relaled to lolal nuntlef ol households) 
Total Belln Url>an Grid RL'ral Grid Non Grid Total Belize Urb.nGrld Rural Grid Non Grid 

1.1 Ge'lel'al Survey Information 
#ofHH 43936 21720 14307 7909 43936 21720 14307 
# .:>I HH surveyed 1283 650 430 203 1283 650 430 
%ofHH~ 2.92% 2.99% 3.01'1(, 2.57% 2.92% 2.99% 3.01% 

1.2 General Household Information 
,1: of rooms 5540 3154 1743 643 189715.85 105392.12 57993.26 
/.V'J. rooms/HH •.32 •.as 4.05 3.17 <1.32 4.85 4.05 
Avg. size of HH (sq fl) 738.51 850.11<& 62<&.60 648.82 738.51 850.8" 624.60 
I of persons 6331 3020 2271 1040 216803.44 100914.46 75560.92 
Avg.persons/HH <&.93 <&.65 5.28 5.12 <&.93 4.65 5.28 
Avg. income.'HH 803.57 1021.20 664.6" 538.45 803.57 1021.20 664.64 
lr of HH doing smaD scale faming 90 13 39 38 90.00 13.00 39.00 
% ol HH doing smaJ sc:ale farming 7.01% 2.00% 9.07% 18.72'1r. 7.01% 2.00% 9.07% 
I ol HH doing smaB sc.d4I business 70 34 28 8 70.00 34.00 28.00 
a,;, of Hrl doing smal scala b;JSintiS 5.<&6% 5.23% 6.51% 3.94% 5.46% 5.23% 6.51% 

1.2. 1 Electrlclty Use 

GEnera/ chatact11:istic:s 
I of HH usiog <Mctricity 1029 620 327 82 35237.84 20717.54 10879.97 
"• ol liH using eledricity 80.20% 95.38% 76.05% 40.39% 80.20% 95.38% 76.05% 
Reasons for r...t using electricity. r~, % of HH nol using electr!city) 
- price of eleclricily too expensive 61 14 41 6 24.02% 46.67% 39.81% 
- connecticrl and wiring lo expensive :I 11 45 9 25.59% 36.67% 43.69'1'. 
j · etedri<-d! l!Jlpfiances too expensive 8 34 1 16.93% 26.67% 33.01,.. 
1- aleClrir..ity supply no1 available 129 3 27 9:J 50.79% 10.00% 26.21% 
1 · no1 sui:at.fol for our needs 17 5 9 3 6.69% 16.67% 8.74% 
# ol HH wi\:1 private g&nera1ion 75 6 44 25 2568.36 20049 1463.97 

· % of Hr. wth private generalion 5.8.s;% 0.92% 10.23% 12.32% 5.85% 0.92% 10.23% 
II ol HH connect!ld to BEL 962 618 286 58 32943.44 20650.71 9515.82 
% of Ht; connected to BEL 74.98% 95.08% 66.51% 28.57% 74.98% 95.08% 66.51% 
Avg. Electr'.citv r.on:;umpliont'HH (kWh in 8194) 134.78 1ss.1a 57.76 110.40 134.78 165.78 57.76 
Avg. Eledric•y bil {BZS in 8194) 49.56 61.29 26.27 45.58 49.56 61.29 26.27 
Avg. Eleciricily price (BZSlkWh) 0.36 0.37 0.35 0.39 0.36 0.37 0.35 

Lighring eppliancss 
' of 40 W incandescent bulbs 1396 945 2n 174 47805.66 315n.s4 9216.37 6779.14 
Avg. usage ol 40 W incandescent bu'hs (hid) 3.84 3.61 4.34 3.91 3.8" 3.61 4.3" 3.91 
• ol 60 W incandescffnl bulbs 896 626 211 59 30683.29 20918.03 7020.41 2298.67 
Avg usage ol 60 W mcandesce:il bulbs (nld) 3.77 3.99 3.42 2.89 3.77 3.99 3.42 2.89 
•of 75 W incandescem bulbs 102 51 42 9 3492.96 1704.18 1397.43 :.150.65 
Av<.J u!",age of 75 W inca.1oescan1 bulbs (hid) 3.91 3.78 4.01 4 3.91 3.78 4.01 4.00 
• of 100 W incaMesc:e111 OU'bs 242 96 123 23 8287.23 3207.88 4092.47 896.09 
Avr.J usagt> ol 100 W incandescent bulbs (hid) 3.81 4.81 2.30 6.21 3.81 4.81 2.3fl 6.21 
' ol ~ w ri<>.Jresc6nl lubes 2571 1560 865 145 88043.22 52128.00 28780.36 5688.25 
Avg. us.ige ot 20 w nourescent tubes (hid) 4.43 425 4.69 4.51 4.43 4.25 4.69 4.51 
II .>f 40 W 'lourescent tubes 361 205 129 27 12362.35 6850.15 4292.10 1051.94 
Avg. usage ol 40 W nourascant tubes (hid) 4.06 4.07 4.16 3.45 4.06 4.07 4.16 3.45 

Cooking applilJllUs 
• of electric plal9S 21 18 3 0 719.14 601.48 99.82 
AvQ. usa~ of electric pla:es (hid) 1.65 1.32 2.5 1.65 1.32 2.50 
• of elect-le grills 6 6 0 0 205.47 200.49 0.00 
Av!). usage of electric grils (hid) 0.33 0.33 0.33 C.33 0.00 
• of eledric ovens 4 3 1 0 136.98 100.25 33.27 
Avg usage of efeclric ovens (l>/d) 0.13 0 0.5 0.13 0.00 0.50 
• ol microwave ovens 98 75 20 3 3355.98 2506.15 665.44' 
Avg usage of mcrowave ovens (hid) 0.23 0.2 0.32 0.32 0.23 0.20 0.32 
•of kellles 22 17 3 2 753.38 568.06 99.82 
Avg usage ol kellles (hid) 0 71 0.71 O.~ .. 1 0.71 0.71 0.5.f 
• of loaslers 162 124 34 4 5547.65 4143.51 1131.~5 
Avg. usage of toaslers (hfd) 0.28 0.28 0.26 0.54 0.28 0.28 0.:::!6 
• of rice c;.,okers 23 19 4 0 787.63 634.89 133.09 
Av . usa or rice oooke~ 0.69 0.67 1 0.69 0.67 1.00 

I 



• 
I 
I 
I 

Relligetation 
t of fridge will lraaz• I 
I of fridge wlh ht!zer < 5 years old 
t of fridge wlh hazer >a S years old 
Avg. age or rridge witf1 lreazar (years) 
I of deep fraez8 
t ol deep haze < 5 ye;us old 

I 
t or deep freeze >= 5 yaars old I Avg. age or deep freeze (yeais) 

Water healir.g I 
• ol shower heads 
Hoe waler healed by shower heads (gaVweek) 
• or storage water healer 
Hol water healed by sroraga (gaVweak) 
Avg. slorage size (gal) 

I 
Laundry by washing machine 
t ol a>ld loadsfweek 
t ol warm l<>ad!;Meek I 
I of hol loads'week 

Drher electric appliances 
t of air c;oOO;tioners I 
Avg. usage or air condtioners (hfd) 
•or rans 
Ayt. usage of fans (hfd) 
tofTVs 
Avg. usage of TVs (hfd) I 
t of Videos 
Avg. usage or videos (hfd) 
I of Hifis 
Avg. usage ol Hifis (hfd) I 
t ol radios 
Avg. usage of radios (hid) 
II of irons 
Avg. usage of irons (hid) I 
1.2.2 LPG U,;e 

General characteristics 
t or HH using LPG I 
"• ol HH using LPG 
Reasons for not using LPG: 
• fuel is 100 expensive 
• cylinders and r~lalors 10 expensive 
• appliances loo e:rpensive I 
• nCJC easily avail&IJle 
• no1 su~able ror our needs 
Avg. LPG coosurnplionlHH (t!'tmn1'1) 
. l\vg. LPG bill (0Z~i110ntll) I 

I 
Appliances 
# ol gas burners 
Avg. usage of~ burners (tll'waek) 
• of gas ovens 
Avg. usage or gas c.vwis (:'/w81lk) I ' or gas grills 
Avg. usage of gas grills (hfweak) 
• or gas retrigera•ors 
t or gas waler healers 
# ol gas fanlerns I Avg. usage of gas laniems (h/Wea~ 

I 
I 
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Belize National Energy Survey - Household Sector 
Aggregated Results 
BEL \IER \ CSO 
Odober 1994 

(absolule lgures ralallld lo~ size) (absolula ligl:res ralalold lo totil nurrbar or households) 
TotalWn Urban Grid Rini Grid Non Grid Total Belize Urban Grid Rural Grid Non Grid 

628 427 147 SC 21505.70 142E8.37 4891.00 2103.87 
476 314 120 42 16300.SO HM92.43 3992.65 1636.34 
1~ 113 27 12 5205.20 3nS.94 898.35 467.53 

3.56 3.68 3.38 3.1 3.56 3.66 3.38 3.10 . 71 27 38 6 2431~1 902.22 1264.:U 233.76 
53 16 31 6 1814.97 534.65 1031.43 233.76 
18 11 7 0 616.41 367.57 232.90 0.00 

3.08 3.55 2.97 1.8 3.08, 3.55 2.97 1.80 

44 28 11 5 1506.77 935.63 365.99 194.80 
9720 6535 2065 1120 332858.86 218369.54 68706.87 43635.86 

25 17 7 1 856.12 568.06 232.90 38.96 
6210 3825 2205 180 212659.83 127813.85 73364.97 7012.91 
22.21 20.14 28 2221 20.14 a.oo 0.00 

2076 1164 857 55 71092.08 38895.51 1 
28514.18 2142.83 

23i 2'30 1 7910.53 ll.00 7652.58 38.96 
174 1e 154 2 5958.58 601.48 5123.90 77.92 

25 23 0 2 856.12 768.55 0.00 77.92 
7.04 5.27 15 7.04 5.27 0.00 15.00 
1867 1291 486 90 63934.93 4313926 16170.24 35()1;.45 
7.73 8.62 6.17 6.55 7.73 8.62 6.17 6.55 
1020 721 247 52 34929.63 24092.49 8218.21 2025.95 
4.84 4.95 4.73 4.07 4.84 4.95 4.73 4.07 
193 135 42 16 6609.23 4511.08 1397.43 623.37 
1.33 1.17 1.4 2.55 1.33 1.17 1.40 2.55 
238 192 35 11 8150.25 6415.75 1164.:i2 428.57 

3.38 3.14 4.29 3.94 3.38 3.14 4.29 3.94 
800 471 264 65 27395.79 15738.65 8783.83 2532.44 
4.5 4.64 4.14 5.05 4.50 4.64 4.14 5.05 

915 589 276 50 31333.94 19681.66 9183.10 1948.03 
o.~ (\.5 0.51 0.45 0.50 0.501 0.51 0.45 

I 
979 589 304 86 33525.50 19681.66 10114J'2 3350.61 

76.31% 90.62% 70.70% 42.36% 76.31% 90.62% 70.70% 42.36% 

105 16 57 32 34.54% 26.23,.. 45.24% 27.35,.. 

~:1 
17 6') 27 35.20% 27.87% 50.00% 23.08% 
14 83 63 52.63% 22.95% 65.87% 53.85% 

l6 1 6 29 11.84,.. 1.64% 4.76% 24.79". 
73 38 23 12 24.01% 6~.30% 18.25% 10.26,.. 

34.56 34.63 34 ... 34.96 34.58 34.63 34.4 34.96 
17.33 16.98 16.56 22.28 17.33 16.98 16.56 22.28 

3508 2063 1133 312 120130.54 ~935.94 37&9728 12155.70 
16.67 1623 17.31 17 ... 9 16.67 16.23 17.31 17.49 

784 468 242 74 26847.88 15638.40 8051.85 2883.08 
2.08 1.6 .. 2.2 2.09 2.08 1.64 2.20 2.09 
532 312 157 63 18218.20 10425.60 !1223.72 2454.52 

0 ... 0 0.46 0.52 0.46 0.48 0.46 0.52 0.46 
2 0 0 2 68.49 0.00 000 77.'i!2 
1 0 1 0 34.24 0.00 33.27 0.00 

14 11 2 1 479.43 36i.57 66.54 38.96 
17.34 12.68 50 0 17.34 1268 50.00 0 ')() 



1.2.3 KeroseM Use 

Ge!leral characteristics 
:I of HH using Kerosene 
% of HH using Karosana 

I Aeasoo:; for not using Karosane: 
- Ille! is too expensive 
- appiances too expensive 
- poor avaiabiily 
- no1 suitable for our needs 
Avg. Kerosene ~H (galfmonth) 
Avg. Kerosene bill (BZ$'monlh) 
Avg. Kerosene Price (BZS/gal) 

Appliances 
I of kerosene stoves 
Avg. usage of kerosene stoves (hfweek) 
• CJ( kerose'.18 lan1J$ 
Avg. usage or kerosene 1an1JS (hfweek) 
I or coleman pressure lan1JS 
Avg. usage of coleman press. lan1JS (hfweek) 
# of kerCS'IDe refrigeralas 

1.2.4 Charcoal Use 

# of HH using Charcoal 
% of HH using Charcoal 
Reasons for not using Charcoal: 
• Charc.>al is too expensive 
- appliances too expensive 
• poor avaiability 
• nol suitable for our needs 
Avg. Charcoal consu~lion/HH (lbs/month) 
Avg. Charcoal bi! (BZS/monlh) 
Avg. Charcoal price (BZ:S.'lbs) 

1.2.5 Firewood Use 

I of HH using Fitewood 
"· of HH using Firewood 
Avg. r .. ewood eonsumplion/Hli (pieces/week) 
Avg. r .. ewood price (BZilpiece) 

1.2.6 Other Domestic Fuel Use 

Candles 
I ol HH us#lg candles 
"t. of HH 11sing ealldles 
Avg. consu!ll>lion of candles/HWmonth 

• 
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Belize National Energy Survey - Household Sector 
Aggregated Results 

I 
BEL\ IER \ CSO 
Od00.1994 

(absolute lgures rela!ed to 5a111J1e size) 
Total Belln um.n Grid Rural Grid Non Grid 

359 
27.98% 

2 
2 
8 

84-4 
2.54 
7.99 
3.21 

64 
18.26 

493 
23.81 

6 
16.5 

9 

8 
0.62% 

17 
4 

46 
1206 
7.22 
5.92 
0.96 

475 
37.02% 

97.21 
0.12 

290 
22.60% 

5.58 

62 
9.54% 

0 
0 
4 

552 
3.03 
7.72 
2.61 

21 
i3.11 

59 
19.93 

0 

0 

7 
1.08% 

0 
0 

620 
6.88 
6.04 
1.02 

83 
12.77% 

59.06 
0.14 

135 
20.77,.. 

3.76 

156 
36.2n. 

2 
1 
3 

234 
2.13 
6.52 
3.19 

20 
19.42 

231 
22.91 

1 
28 
2 

1 
0.23% 

7 
3 

27 
405 

10 
5 

0.5 

261 
60.70% 

96.11 
0.1 

141 
69.46% 

0 
1 
1 
5 

2.77 
9.71 

3.5 

23 
24.58 

203 
26.53 

5 
12.67 

7 

0 
0.00% 

10 
1 

17 
181 

0 
0 

131 
64.53'1'. 
123.90 

0.07 

105 so 
24.42% 24.63'1'. 

t.85 12.04 

I 

I 
(absolln figures ralaled 10 total numier of househokls) 
Total Belize Um.rt Grid Rural Grid Non Grid I 

12293.86 
27.98"1. 

0.22'11. 
0.22'11. 
0.87% 

91.34% 
2.54 
7.99 
3.21 

2191.66 
18.26 

16882.66 
23.81 

205.47 
16.50 

308.20 

273.96 
0.62'l'o 

1.33% 
0.31,.. 
3.61,.. 

94.59% 
7.22 
5.92 
0.96 

16266.25 
37.02% 

97.21 
0.12 

9930.97 
22.GO'l'. 

5.58 

2071.75 
9.54% 

0.00% 
0.00'lr. 
0.68% 

93.88% 
3.03 
7.72 
2.61 

701.72 
13.11 

1971.51 
19.93 
0.00 
0.00 
0.00 

233.91 
1.08% 

0.00% 
0.00% 
0.31% 

96.42". 
688 
6.04 
1.02 

2773.48 
12.77% 

59.06 
0.14 

4511.08 
20.77% 

3.'.'11 

5190.45 
36.2n. 

0.73% 
0.36% 
1.09% 

85.40% 
2.13 
6.52 
3.19 

665.44 
19.42 

7685.85 
22.91 
33.27 
28.00 
66.54 

33.27 
0.23,.. 

1.63% 
0.70% 
6.29'Y. 

94.41% 
10.00 

5.00 
0.50 

8684.02 
60.7<>"'. 

96.11 
0.10 

3493.57 
24.42% 

4.85 

5493.441 
69.46% 

0.00% 

1.61% I 
1.61% 
8.06% 

2.77 

9.71 I 3.5 

896.09 

24.581 
7909.00 

26.53 
194.80 

12.67 

272.721 

0.001 
0.00% 

4.93% 

0.49% I 
8.37% 

89.16'Y. 
0.00 
0.00 

5103.841 
64.53,. •. 
123.90 

0.07 

I 
•948.031 
24.63% 

1204 

Car batteries 
#ofHHus#lgcarbaneries 55 121 

~o/._._of_H~H~u~si~noear=:..~ba~n~eries_. _____ _,__....;;;4~.29%--...___~1~.8~5'!.l 
211 22 1883.46 400.98 698.71 857.131 

·- .• 'i l·Ll_ - 1-0-;::;84-%~----4-.29'Y.--·..__ __ 1 .... 85--.%..._ ___ 4.""'88""%~--1-0.-.84 .... o/.~· 

I 
I 
I 
I 
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ANNEX 11: ASSESSMENT OF END USE TECHNOLOGIES 

I 
Belize Electricity Demand Study, BEUIER, October 1994 

t ssessment of End Use Technologies 
fficiencfes, Power ratings, and specific consumption of aprlalnces 

I Aooliance Unit Literature Survey in Belize Applied for study 
Wbulb lm/W 11 -12 11 

60Wbulb lm/W 12-14.3 12 I '5 w bulb lm/W 13-15.7 12 
OOW bulb lm/W 14.5-17.5 15 

,>ownou. lm/W 43-55.6 43 43 

1 

lOWflou. lm/W 48-70 57 57 
;>late w 600-2000 1000 
SriD w 1200-1650 1400 
Oven w 1230-8000 1500 

1 ~owave w 975-1575 1400 
ettle w 1000-1080 1500 1500 

I 
I 

Toaster w 300-1600 
lice cooker w -
ridQe w/ Freezer kWh/v 356 -1450 

)eeo Freeze kWh/v 140-1500 
>howerhead Efficiency 
,toraae Efficiencv 
'VashinCJ Machine kWh/load 0.3-0.8 

Air conditioner w 800-2500 

Ian w 40-200 
elevision w 50-300 

VCR w 30-54 
~ifi w 25-109 
~adio w 5-100 
on w 938 -1100 

lource: 

Baur J., Voss A., et.al.: "Rationelle Stromanwendung bei den Haushalten", 

I IER, Universitaet Stuttgart, Mai 1994 
ajardo M., Fajardo L.: "Electrical Layoi.;t and Estimate"' 

Philippines, 1987 

1000 
1500 
900 
600 

0.95 
0.8 
0.4 

1000 
40 
50 
30 
30 
10 

1000 

jeneral Electric: "Calendar 1994", New York, 1993 
rach G., Gowen M.: Household Energy Handbook-An Interim Guide and Referer.c£ 

World Bank, Technical Paper No. 67, Washington, 1987 
OECD/IEA: "Electricity End-Use Efficiency", 

I Paris, 1989 
las van der A., Graaff de A.B.: "A Comparison of Lamps for Domestic Lighting in De 

World Bank, Washington, 1988 

'

akulin M .. Dell G.: "Energiesparpotential elektrischer Haushaltsgeraete, Oesterreich 
lnslitut fuer Elektrische Anlagen, Technische Universitaet Graz, 

chlenzig Ch.: "Planification Energelique Regionale pour la Region Nord-Ouest de M. 

I 
Tome IV: Analy~e Energetique de l'Enquete Socio-Economlque 
IER, Universitaet Stuttgart, December 1992 

chueler D.: "Energy Masterplan for Rural Development in Nigeria, Vol. V: Analysis o 

I 
I 

IER, Univers~ -· "'•uttgart, December 1092 
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ANNEX 12: ELECTRICITY CONSUMPTION OF HOUSEHOLDS IN 1994 -

BY REGION 

Belile Eledliclty Oemarid St&r.tj, SEUIER, October 1994 

Electrlctty Consumption of Households In 1994 
bas.ct on the Belin National Energy Survey 

fleoion: Urban Grid 

Llohlir.a 
Appbnce I of Applianc:3s Awg.use -40Wbl.:ll 31578 3.61 
60 Wt.ui:> 20918 3.119 
75Wbull t"'."04 3.71 
100Wbulb 3208 4.81 
20 w Dau. 52128 4.25 
40Wllou. 6850 4.07 
TOTAL 

Coolrinn 
iance lof A -

Pla!e 602 1.32 
Grill 201 0.33 
Oven 100 0 
l~oa-ve 2506 0.2 
Ke!lle 56a 0.71 
Toas:ar 4144 0 
Rice c:ooUr 635 0.67 
TOTAL 

Re era; Ion 
Appianc:e 

F. wt Freezer 14268 
Fre.ze 3CJ?. 

TOTAL 

WaterHeat!n 
.o\'Y,'iance Hoe waler 

'!IS'"'"" ::!18370 
127814 

39't97 

Other Elecirlcal Annlf111CH 

IAoJ>Wlc• , ol A;lpllallc:es .~.,,,g. use 
IMfl 

[cit condilo.:.ner - 769 5.27 ·-
,... ______ 

'Fan <13'139 852 
Television 24093 4 95 
VCR 4511 1.17 
Hifi 54116 3.14 -Radio 1573!i 

"-FWrllJ 
IWl 

40 
60 
75 

,co 
2i) 

40 

~ 

:soo 
1400 
15.:JO 
1000 
1500 

P-etRating 
IWl 

1o0c 
40 
so 
30 
30 
10 4.~ -Iron 19682 ~ 1000 

TOT;.L 

·11 of HH wt prlva1e general 
: shmalelf derMnd lrom 8 l 

·. 

El C-ons. per unilj Toi.al a Cum. Ellideney U.....fNfVY 
~"'\I :l.~ Nlmh.'To.W.'hl IWmhlll\ 

5;!.7il 16U.35 11 18307.85 
87.3111 1'27.M 12 21934.00 

103.481 176.3:! 1:1 2292.23 
1.illC~.21 15 &VS.19 
31 ct'l! 1617.21 43 &954Ui6 
58.42! 407~i 57 23201.32 

I &:?56.0CI . 143726.28 

B. ~ oer unlll T oCal EL C:in&. 

290.1>4 
33.89 

0.00 
i02.20 256.11 
3U.n Z?O.ao 
1 .20 4ZJ52 
:lE0.113 23233 

1-CSJ .30 

El. Cons. per unit T Ofal Et Cons. 
ikWhlvi lfA"Vli.•l 

1923.SS 1479..?1 
125.as 5429.13 
90.34 217tl.50 
12.1'.!1 57.79 
34.38 ~~.tlO 

1tl.9' ~~ 
182.50 359~.97 

13221.76 

• 
I 
I 
I 
I 

~r:t 
12.74"A-

JI 
16.14'll. 

100.llO'lr. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 

Eledlfcly Demand Study, BEl.JIER. October 1994 

lrlclty Consumption of Households In 1994 
Md an the Bellu Nallan8I Energy Surwy 

RuralGrid ,. •or Applanals Avg.use 
l1IMI 

40Wbulb 9216 4-34 

ll:w~ 
7020 3.42 
139· 4.01 
4093 2.38 

20 w llou. 28780 4.69 
40 w llou. 4292 4.16 

lb 
~ • or Appliances Avg.use 

lhMI 

I~ 
100 2.5 

0 0 
33 0.5 

..a-. 665 0.32 
Kel1le 100 0.54 

II~., 
1131 0.26 

133 1 

Poww~ 
lWI 

40 
60 
75 

100 
20 
40 

Pow·'.! Rallng 
IW\ 

1000 
1400 
1500 
1400 
1500 
1000 
1500 

• or Appliances Et. Cons. per unil EleclricilJ Cons. 

4891 
126C 

71 

El.COns.perl:llll 
lkWIW\ 

63.36 
74.90 

109.77 
114.87 
34.24 
60.74 

Et. eons. per un11 - 912.50 
0.00 

273.75 
163.52 
295.f5 
94.90 

547.50 

Hol waler may be defined as waler which Is healed up by 30 K. 

Talal El Cons. -~~ IUWhM 
583.96 
525.78 
153.35 
355.56 
9115-34 
260.68 

2864.68 

TalalElC-. 
~ 

91.25 
0.00 
9.03 

108.74 
29.57 

107.33 
72.112 

418.74 

The spec:illc energy content or waler Is equlvalenl 10 4.402 Whl(gal"K}. For 30 K •Is 0.132G6 kWhfgal. 

Loa<lslWffk Loads/YNI' El. Cons. per loa Total Et. Cons. 

41291 2147132 

I ol Appliances 

0 
16170 

18 
1397 
1165 
8784 
9183 

lec:lrlcly Consumplion 

I 
I 

UselulEneiw Madiet Share 
IYmtiM 1"4l 

11 642359 8.31'1. 
12 6309.41 8.1~ 

13 1993.F.O 2.58% 
15 5333.38 6.9Cn. 
43 42369.66 SC.82'!' 
57 14858.70 19.23% 

77288-34 100.00'lfo 



Belin Elec:lrlc:lly Demand Study, BEUIER. October 1194 

Electricity Consumption of Households In 1994 
based on Ille Bellu National Energy SUrwy 

Region: Non Grid 

' of Appliances 

COW bulb 6779 
60Wbulb 
75Wbulb 351 
100Wbulb 
20wnou. 
cownou. 1052 
TOTAL 

' of Appliances 

Plate 0 
0 
0 0 

Microwave 117 0.32 
78 

Toasier 156 054 
0 0 

TOTAL 

q• · erallon 

Fri w/ Freezer 
Freeze 

TOTAL 

WalerHealln 

72 

0.00 
0.00 

16352 
547.50 
197.10 

0.00 

ElfldencJ 

0.95 
08 

Hoe waler may be defined as water Wllidl Is !leafed up bJ 30 K. 

0.00 
0.00 
0.00 

19.13 
42.71 
30.75 

0.00 
92.58 

TOlal EL Cons. 

375.62 

The specific energy conl"11 of waler Is ecpvalenl lo 4.402 Wllf(gal'K). For 30 KI ls 0.13206 kWh/gal. 

Loadslyur 

117520 

Ottwr Electrical A 
Appiance • of Appliances 

Au c:on<lilioner 
Fan 
Television 
VCR 
Hili 
Radio 
Iron 
TOTAL 

Elec:l.1cly ConsurN>!ion 

• 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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ANNEX 13: ELECTRICITY CONSUMPTION OF HOUSEHOLDS IN 1994 -

SUMMARY 

I l 
Region 

Use I ~ti!1<; 
kin a 

Refriaeration 

I ~ter Healina 
undrv 

Other electric aooliances I OTAL 
Vo of HH w/ private generation 
:stimated demand from BEL 

lotal Sales of BEL 1994 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Belize Electricity Demand Study, BEUIER, October 1994 

Electricity Consumption of Households in 1994 
based on the Belize National Energy Survey 

Summary 

Total Belize Urban Grid Rural Grid Non Grid 
(MWh/v) % CMWtVvl % {MWtVv) % CMWtVvl 
10134.99 17.72% 6256.04 16.54% 2864.68 19.74% 1014.27 

1968.62 3.44% 1457.30 3.85% 418.74 2.89% 92.58 
20576.70 35.97% 13382.40 35.39% 5160.30 35.56% 2034.00 
41n.61 7.30% 2675.64 7.08% 1126.41 7.76% 375.62 
1727.40 3.02% 821.54 2.17% 858.85 5.92% 47.01 

18621.42 32.55% 13221.76 34.96% 4084.32 28.14% 1315.35 
57206.80 100.0C% 37814.67 100.00% 14513.30 100.00% 4878.84 

0.92% 1023% 12.32% 
54n1.sa 37465.60 13028.21 4211.n 
54466.85 (Estimated, based on the sales in August 1994 • 12) 

% 
20.79% 

1.90% 
41.69% 

7.70% 
0.96% 

26.96% 
100.00% 

I~~~~~~-------------
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ANNEX 14: CROSSCOUNTRY COMPARISON OF HOUSEHOLD ELECTRICITY 

END-USES 

Belize Electricity Demand Study, BELAER, October 1994 

Crosscountry Comparison of Household Electricity End-Uses 

Country Belize Central America United States Germany 
1994 1992 1989 1989 

Use (%) (%) (%} (o/o} 

lighting 17.72 15.6 11.7 7 
Cooking 3.44 19.69 6.3 8.8 
Refrigeration 35.97 31.2 20.7 18.8 
Water Heating 7.3 5.63 15 19.2 
Air conditioning 3.33 3.84 11.8 0 
Other electric aoaliances 32.24 24.04 34.5 46.2 
Total 100 100 100 100 

Sources: 

Belize: 
Belize National Energy Survey - Household Sector, BEUIER/CSO, October 1994 

Central America (Costa Rica, El Salvador, Guatemala, Honduras. Nicaragua, Panama): 
Aguinaga-Diaz J., Vieira de Carvalho A., Poveda M.: "OLADE's Central American DSM Project: 
A Model for International Cooperation•, Proceedings of the Second International Energy Efficiency & 
DSM Conference, September 1993, S!ockholm, Sweden 

United States, Germany: 
OE CD/I EA: "Electricity End-Use Efficiency", Paris, 1989 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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ANNEX 15: REFERENCE ENERGY SYSTEM (RES) 

::J.' 
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ANNEX 16: RES-STRUCTURE I 
10128194 RES Structure of Casestudy BEL_HH ?age 1 
1:14:13 PM I 
eroce:a:a Cammodib'. 

ELE-RATE Electrification Rate Output ACT-HH Activity, No. of households I 
Input ACT-HHE1 Adivily, 1. N!.>. of elec:trified HH 

ACT-TRAN Activity Transfonnation Output ACT-i-IHE1 Activity, 1. No. of eledl~ HH I Input ACT-HHE2 Activity, :. No. of electrified HH 
ACT-ROOM Activity, rooms in electrified HH 
ACT-PERS Adivily, persons in electrified HH 

I INT-ROOM lnten!ities rel. to rooms i;i c:L HH Ov:put ACT-ROOM Activity, rooms in electrified HH 
lnpL't: UE-LIGHT Useful energy, lighting 

INT-HHE2 Intensities rel. to ~ HH Output ACT-HHE2 Activity, 2. No. of electrified HH I Input AP-PLATE No. of electric plates 
APP-GRIL No. of electric grills 
AP-OVEN No. of electric ovens 

I AP-MWO Ne.. of microwave ovens 
AP-I' ETTL No. of eleclric kettles 
AP-TOAST No. of electric toasters 
AP-RICE No. of electric rice cookers 

I AP-FRIDG No. of electric refrigerators 
AP-FREEZ Ne. of electric freezers 
AP-A/C No. of air cond;tioners 
AP-FAN No. of electric fans 

I AP-IRON No. of electric irons 
FE-ELEC Final Energy, Eleclricity 

INT-PERS Intensities rel. to persons in el. HH Input: TU-LAUNr Total loads, washing machine 

I Output ACT-PERS Activity, persons in electrified HH 
Input: UE-HOlWA Useful energy, hot water 

U-PLATE Avg. use :if plates Output: AP-PLATE No. of electric plates I Input: TU-PLATE Total use, plates 

U-GRILL Avg. use of grills Output: APP-GRIL No. ef electric grills 
Input: TU-GRILL Total use, grill I 

U-OVEN Avg. use of ovens Output: AP-OVEN No. of electric ovens 
Input: TU-OVEN Total use, oven 

I U-MWO Avg. use of microwave overrs Output: AP-MNO No. of microw<?ve ovens 
Input: TU-MWO Total :.ise, microwave Cl-Jen 

U-KETTLE Avg. i:se of kettles Output: AP·KETTL No. of electric kettles I Input: TU-KETT'- Total use, kettle 

U-TOAST Avg. UH of toasters Output: AP-TOAST No. of electric toasters I Input: TU-TOI.ST Total use, toaster 

U-RICEC A\.g. use of rice cooke1.1 Output: AP-RICE No. of el.sctric rice cookers 
Input: TU-RICEC Total use, rice cooker I 

U-A/C Avg. use of air conditioners OL'fput: AP·AIC No. of ~ir conditioners 
Input: TU-A/C Total use, air conditioner 

I IJ·FANS Avg. use of fans Output: A?·FAN No. of e:ectric fans 
Input: TU·FAN Total use, fan 

-·---------- ----------------·-----------------
I U-1RON Avg. use of irons Output: AP-IROl\4 No. of electric irons 

Input: TU·IRON Tolal use, iron 

- ·--------- ·---- ------ - --~-- ·-·---- ·--·--·-· -·-·--· -~---- ---------·--·------------·--
BULB-40W 40W Incandescent bulb Input: FE-ELEC Final !::nergy, Electricity 

I Output: UE-LIGHT Useful energy, lighting 
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I 
10128194 RES Structure of Casestudy BEL_HH P~ge 2 

I 1:14:13 PM 

erocess CQmmodiW 

I 
B~ 6f1N lneandescef1l buP.> Input FE-ELEC Final Energy, Electricity 

I 
Output UE-UGHT Useful energy, ligtdirtg 

Blll8-75W 75W Incandescent bulb Input FE-ELEC Final Enargy, 8ectric:it¥ 
Output: UE-UGHT Useful energy, lighting 

I BULB-100 100\Nlncandescentbulb Input FE-ELEC Final Energy, EJectricify 
Outp«.1: UE-UGHT Useful energy, lightin1 

I FLOU-20W 20W flourescent lamp Input FE-ELEC Final Energy, EJec:tricity 
Output UE-llGHT Useful energy, lighting 

FLOU-40W 4fNI Flourescent lamp Input FE-ELEC Final Energy, EJec:tricity 

I Output UE-UGHT Useful energy, lighting 

PLATE Electric plate Input FE-ELEC Final Energy, Electricity 
Output TU-PLATE Total use, plates 

I GRILL Electric grin Input FE-ELEC Fm2J Energy, Electricity 
Output: TU-GRILL Total use, grill 

I MWO Microwave oven Input: FE-ELEC FmalEnergy,Electricity 
Output: TU-MWO Total use, microwave oven 

I OVEN Electric oven Input: FE-ELEC FmalEnergy,Eledricity 
Output: TU OVEN Total use, oven 

KETTLE Electric kettle Input: FE-ELEC Final Energy, Electricity 

I Output TU-KETTL Total use, kettle 

TOASTER Electric toaster Input: FE-ELEC Final Energy, Electricity 
Output: TU-TOAST Total use, toaster 

I RICEC Electric rice cooker Input: FE-ELEC Final Energy, Electricity 
Output: TU-RICEC Total use, rice ;:ooker 

I FRIDGE Electric refrigerator Input: FE-ELEC Final Energy, Electricity 
Outrut: AP-FRIDG No. cf electric refrigerators 

I 
FREEZE Electric freezer Input: FE-ELEC Final Energy, Elec:tric:ity 

Output: AP-FREEZ No. of electric freeZf:rs 

A/C Air ccnditioner Input: FE-ELEC Final Energy, Electricity 

I Output: TU-A/C Total use, air conditioner 

FAN Electric fan Input: FE-ELEC Final Energy, Electricity 
Output: TU-FAN Total use, fan 

I -
IRON Electric Iron Input: FE-ELEC Final Energy, Electricity 

Output: TU-IRON Total use, Iron 

I SHOWE RH Electric 'howerhead Input: FE·ELEC Final Energy, Electricity 
Output: UE-HOTWA Useful energy, hot water 

-----------

I 
STORAGE Electric •lor.age water heater Input: FE-ELEC Final Energy, Electricity 

Output: UE-HOTV-.A Useful energy, hot water 

WAS HM Washing machine Input· FE·ELEC ~inal Energy, Eleuricity 

I 
OulpcJt: TU-LAU NO Tota! loads, washing machine 
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ANNEX 17: UST OF COIVIMOCITIES I 
10128194 Commodities of Casestudy BEL_HH Page 1 
1:14:06 PM I 
SQll iO -~ Unitd.O Unit-Name I 

1 ACT-HH Activity, No. of households No Number 

2 ACT-HHE1 Activity, 1. No. of electrified HH No Number I 
3 ACT-HHE2 Activity, 2. No. of e!ectrified HH No Number 

4 ACT-ROO Activit'/, rooms in electrified HH No Number I 
5 ACT-PERS Activity, persons in electrified HH No Number I 
6 AP-PLATE No. of electric plates Mo Number 

7 APP-GRIL No. of electric grills No Number I 
8 AP-OVEN No. of electric ovens No Number 

9 AP-MWO No. of microwave ovens No Number I 
10 AP-KETIL No. of electric kettles Ne Number I 
11 AP-TOAST No. of electric toasters No Number 

12 AP-RICE No. of electric rice cookers No Number I 
13 AP-FRIDG No. of electric refrigerators No Number 

14 AP-FREEZ ,•fa. of electric freezers No Number I 
15 AP-NC No. of air conditioners No Number 

I 16 AP-FAN No. of elactric fans No Number 

17 AP-IRON No. of electric irons No Number I 
18 VE-LIGHT Useful energy, lighting klmh Kirolumenhour 

19 TU-PLATE Total use, plates h Hours I 
20 TU-GRILL Total use, grill h Hours 

I 21 TU-OVEN Total use, oven h Hours 

22 TU-MWO Total use, microwave oven h Hours I 
23 TU-KETTL Total use, kettle h Hours 

24 TU-TOAST Total use, toaster h Hours I 
' 25 TU-RICEC Total use, rice cooker h Hours 

I 26 TU-NC Total us~. air conditioner h Hours ' 

I 
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I 
I 

1Gi28194 
1:14:06 PM 

Commodities of Casestudy BEL_HH Page 2 

I SQ.c:t IQ ~ llnit::l.O Unit-Name 

27 TU-FAN Total use, fan h Hours 

I 28 TU-IRON Total use, iron h Hours 

kVVh Kilowatthour 

No Number I 
29 UE-HOTW Useful energy, hot water 

30 TU-LAUND Total loads, washing machine 

I 31 FE-ELEC Final Energy, Electricity kWh Kilowatthour 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. ' ~. ' 
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ANNEX 18: LIST OF EQUATIONS I 
10128194 Equations of Casestudy BEL_HH Page 1 I 1:15:52 PM 

~Eu:ll ~Equation I 
3 (I) TR J_ELE-P...ATE_ACT-HHEI = Electrification rate• O_ELE-RATE_ACT-HH 

6 (2) TR l_!.CT-TRAN_ACT-ROOM = Rooms per HH • O_ACT-TRAN_ACT-HHEI I 7 (3) TR I_ ACT-TRAN _!.CT-PERS = Persons per HH • 0 _!.CT-TRAN _ACT-HHEI 

8 (4) TR l_ACT-TRAN_ACT-HHE2 = Dummy(/)• O_ACT-TRAN_ACT-HHEJ 

I 15 (5) TR I INT-HHE2 AP-PU.TE = Intensity• O_INT-HHE2_ACT-HHE2 - -
16 (6) TR l_INT-HHE2 _APP-GR/l = Intensity• O_JNT-HHE2_ACT-HHE2 

17 (7) TR I_JNT-HHE2_AP-OYEN = Intensity• O_INT-HHE2_!.CT-HHE2 

I 18 (8) TR I_JNT-HHE2_AP-MWO = Intensity• O_INT-HHE2_ACT-HHE2 

19 (9) TR I INT-HHE2 AP-KETTL = Intensity• O_JNT-HHE2_ACT-HHE2 - -
20 (JO) TR l_JNT-HHEl_AP-TOAST = Intensity • 0 _INT-HHE2 _ ACT-HHE2 I 21 (II) TR J_JNT-HHEl _AP-RICE = Intensity• O_JNT-HHE2 __ ACT-HHE2 

22 (12) TR J_JNT-HHE2 _AP-FRIDG = Intensity• O_INT-HHE2_ACT-HHE2 

23 (/3) TR l_JNT-HHE2_AP-FREEZ = Intensity• O_INT-/IHE2_ACT-HHE2 I 24 (14) TR I JNT-HHE2 AP-AIC = Intensity• O_INT-HHE2_ACT-HHE2 - -
25 (15) TR I_JNT-HHE2 _AP-FAN = Intensity• O_INT-HHE2_ACT-HHE2 

I 26 (16) TR I INT-HHE2 AP-/RfJN = Intensity• O_INT-HHE2_!.CT-HHE2 - -
27 (17) TR J_JNT-HHE2 _FE-ELEC = Intensity• O_INT-HHE2_ACT-HHE2 

65 (18) TR l_U-PLATE_TU-PUTE = Avg. Use• O_U-PUTE_AP-PUTE I 66 (19) TR I_ U-GR/ll _TU-GRJLL = Avg. Use• O_U-GR/ll_APP-GRJL 

67 (20) TR I_U-OVEN_TU-OVEN = Avg. Use• O_U-OVEN_AP-OYEN 

68 (21) TR I U-MWO TU-1.fWO = Avg. Use• O_U-MWO_AP-MWO I - -
69 (22) TR I_U-KE1TLE_TU-KETTL =Avg. Use• O_U-KE1TLE_AP-KE1Tl 

70 (23) TR I_U-TOAST_TU-TOAST = Avg. Use• O_U-TOAST_AP-TOAST 

I 71 (24) TR l_U-RICEC_TU-RICEC = Avg. Use• O_U-RJCEC_!.P-RICE 

72 (25) TR l_U-AIC_TU-AIC = Avg. Use • 0 _ U-AIC _!.P-AIC 

73 (26) TR I_U-FANS_TU-FAN = Avg. Use• O_U-FANS_AP-FAN I 74 (27) TR J_ U-JRON _TU-JRON = Avg. Use• O_U-JRON_AP-JRON 

28 (28) TR /_INT-ROOM_ UE-LIGHT == Intensity• O_INT-ROUM_ACT-ROOM 

75 (29) TR O_BULB-40W_UE-LIGHT = Luminous efficacy• /_BULB-40W_FE-ELEC I 76 (30) TR O_BULB-60W_UE-LIGHT = Luminous efficacy • J_BULB-60W_FE-ELEC 

77 (31) TR O_BULB-75W_UE-L/GHT = Luminous efficacy• I_BULB-75W_FE-ELEC 

78 (Jl) TR 0 BULB-JOO UE-LIGHi = Luminous efficacy* J_BULB-IOO_FE-ELEC I - -
79 (33) TR 0 _FLOU-llJW _ UE-L/GHT = Luminous efficacy• I_FLOU-20W_FE-ELEC 

106 (34) TR O _FLOU-40W_ UE-LIGHT = Luminous efficacy • l_FLOU-40W_FE-ELEC 

I 107 (35) TR l_PLATE_FE-ELEC = Power rating• O_PLATE_TU-PLATE 

108 (36) TR l_GR/ll_FE-ELEC = Power rating• O_GRILL_TU-GR/ll 

109 (37) TR l_OVEN_FE-ELEC = Power rating• O_.OYEN_TU-OVEN I 110 (38) TR l_MWO _FE-ELEC = Power rating • o __ MWO _TU-MWO 

111 (39) TR l_KETTLE_FE-ELEC = Power rating • O _KE1TLE_TU-KE1Tl 

112 (40) TR I_TOASTtR_FE-ELEC = Power rating • 0 _TOASTER_ TU-TOAST I 113 (41) TR l_RICEC_FE-ELEC = Powerrating • O_RICEC_TU-RICEC 

80 (42) TR l_FRIDGE_FE-ELEC ,., Con.wmption • O_FRIDGE_AP-FRIDG' 

I 81 (43) TR I FREEiE FE-E/,EC ..., Con.wmption • 0 FREEZE Af'-FREEZ ' - ' - - I - I 
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114 (44) TR l_AIC_J;"E-ELEC = Power rating • 0 -.:41C _ W-AIC 
115 (45) TR l_FAN_FE-ELEC = Powerrating•O_FAN_TCJ-FAN 

I 116 (46) TR l_IRON _FE-ELEC = Power rating • 0 _IRON_ W-IRON 
82 (47) TR l_WASHM_FE-ELEC = Cor.sumption • O_WASHM_W-UUND 

I 
29 (48j TR l_INT-PERS_W-UUND = Intensity• O_INT-PERS_ACT-PERS 
30 (49) TR l_INT-PERS_ UE-HOTWA = Intensity• O_INT-PERS_ACT-PERS 
83 (50) TR O_SHOWERH_UE-HOTWA = Efficiency• I_SHOWERH_FE-ELEC 

I 117 (51) TR O_STOlUGE_UE-HOTWA = Efficiency• f_STORA.GE_FE-ELEC 
1 (52) EX Q_~CT-HH = quantity • ! 
4 (53) cc Q_ACT-HHE1 = l_ELE-IUTE_ACT-HHE1 

I 9 (54) cc Q_ACT-ROOM = l_ACT-TIUN_ACT-ROOM 
10 (55) cc Q_ACT-PER3 "' l_ACT-TIUN_ACT-PERS 

I 
11 (56) cc Q_ACT-HHE2 = l_ACT-TP.AN_ACT-HHE2 
31 (57) cc Q_AP-PUTE = IJNT-HHE2_AP-PUTE 
32 (58) cc Q_APP-GR1L = l_l!IT-HHE2_APP-GRJL 

I 33 (59) cc Q_AP-OVEN = l_INT-HHE2_AP-OVEN 
34 (60) cc Q_AP-MWO = l_INT-HHE2_AP-MWO 
35 (6i) cc Q_AP-KEITL = l_INT-HHE2_AP-KEITL 

I 36 (62) cc Q_AP-TOAST = l_INT-HHE1_AP-TOAST 
37 (63) cc Q_!.P-RJCE = 1_/NT-HHEZ_.liP-RJCE 
38 (64) cc Q_AP-FRJDG = !_1NT-HHE2_AP-FRJDG 

I 39 (65) cc Q_AP-FREEZ = 1_JNT-HHE2_AP-FREEZ 
40 (66) cc Q_AP-A/C = I_INT-HHE2_AP-AIC 

I 
41 (67) c.;c Q_AP-FAN = I_JNT-HHE1_AP-FAN 
42 (68) cc Q_AP-iRON = l_JNT-HHE2_AP-IRON 
43 (69) cc Q_UE-LIGHT = 1_/NT-ROOM_UE-L/GHT 

I 84 (70) cc Q_W-PL4TE = l_U-PLATE_TU-PUTE 
85 (71) cc ;} _TU-GRILL =- l_U-GRILL_TTJ-GRJLL 
86 (71) cc Q_TU-OVEN = l __ U-OVEN_W-OVEN 

I 87 (73) cc Q_TU-MJ.flO = l_U-MJ.f!O_W-MWO 
es (74) cc Q_TU-KETTL = :_U-KETTLE_W-KEITL 

I 
89 (75) r:c Q_TU-TO~ST = l_U-TOAST_TTJ-TOAST 
90 (76) cc Q_TU-RICEC = l_U-RICEC_1'U-RICEC 
~, (77) cc Q_TU-AIC = l_U-AIC_TU-AIC 

I 
!12 (7J) cc Q_TU-FAN = l_U-FANS_TU-FAN 
93 (79) cc Q_TfJ-JRON = I_U-/RON_TU-1RON 

118 (80) cc Q_FE-ELEC ... l_JNT-HHE2_FE-ELEC + l_IWLB-40W_FE-ELEC + 

I l_BUL8-60W __ FE-ELEC + l_BULB-75W_FE-ELEC + 
1_BULB-100_FE-ELEC + l_F!..OU-20W_FE-ELEC + 
l_FlOU-40W_FE-ElEC + l_PLATE __ FE-ELEC + !_GRILL_FE-ELEC 

I + l_O'IEN __ FE-ElEC + /_1,,f'#O_FJ::.-ELEC + l_KETTLE_FE-ELEC + 
l_TOASTER_FE-ELCC + l_RICEC_FE-ELEC + l_FRIDGE_FE-ELEC 
+ 1_.FREEZE_FE-ElEC + l_AIC_FE-ELEC, + l_FAN_FE-ELEC + 

I l_IRON_FE-El.EC + l_WASHM_FE-EL~C,+ l_SHOWERJl_FE-ELEC 
+ J_STORAGE_FE-ELEC 

-------- --
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44 (81) CC Q_TU-LAUND 

45 (81) CC Q_UE-HOTWA 

2 (83) CP Q_ACT-HH 

5 (84) CP Q_ACT-HHEI 

12 (85) CP Q_ACT-ROOM 

13 (86) CP Q_ACT-PERS 

14 (87) CP Q_ACT-HHE1 

46 (88) CP Q_AP-PLATE 

47 (89) CP Q_APP-GRIL 

48 (90) CP Q_AP-OVEN 

49 (9!) CP Q_AP-MWO 

50 (91) CP Q_AP-KETTL 

51 (93) CP Q_AP-TOAST 

52 (94) CP Q_AP-RICE 

53 (95) CP Q_AP-FRIDG 

54 (96) CP Q_AP-FREEZ 

55 (97) CP Q_AP-AIC 

56 (98) CP Q_AP-FAN 

57 (99) CP Q_AP-IRON 

94 (JOO) CP Q_UE-LIGHT 

82 

Equations of Casestudy BEL_HH 

= l_INT-PERS_TU-LAUND 

= I_JNT-PERS_UE-HOTWA 

= O_ELE-RATE_ACT-HH 

= O_ACT-TRAN_ACT-HHEJ 

= 0 _INT-ROOM_ACT-ROOM 

= O_INT-PERS_ACT-PERS 

= O_JNT-HHE1_ACT-HHE1 

= O_U-PLATE_A.P-PVTE 

= O_il-GRIU_APP-GRIL 

= O_U-OVEN_AP-OVEN 

= O_U-MWO_AP-MWO 

= O_U-KETTLE_~P-KETTL 
= O_U-TOASl'_AP-TOAST 

= O_U-RJCEC_AP-RICE 

= O_FRIDGE_AP-FRIDG 

= O_FREEZE_AP-FREEZ 

= O_U-AIC_AP-AIC 

== O_U-FANS_AP-FAN 

= O_U-IRON_AP-IRON 

= O_BULB-40W_U~LIGHT+ O_BULB-60W_UE-L/GHT+ 
O_BULB-75W_UE-LIGHT+ O_BULB-JOO_UE-LIGHT+ 
O _FLOU-20W_ UE-LIGHT + O _FLOU-40W_ UE-L/GHT 

95 (JOI) CP Q_TU-PLATE = O_PLATE_TU-PLATE 

96 (101) CP Q_TU-GR/Ll = O_GRILL_TU-GRILL 

97 (103) CP Q_TU-OVEN = O_OVEN_TU-OVEN 

98 (104) CP Q_Tv-MWO = O_MWO_TU-MWO 

99 (105) CP Q_TU-KETTL = O_KEITLE_TU-KEITL 

100 (106) CP Q_TU-TOAST = C_TOASTER_TU-TOAST 

101 (107) CP Q_TU-RICEC = O_RICEC_TU-RICEC 

102 (108) CP Q_TU-AIC = O_AIC_TU-AIC 

103 (109) CP Q_TU-FAN = O_FAN_TU-FAN 

104 (110) CP Q_TU-IRON = O_JRON_TU-JRON 

58 (Ill) CP Q_TU-LAUND = O_WASHM_TU-LAUND 

105 (111) CP Q_UE-HOTWA = O_SHOWERH_UE-HOTWA + O_STORAGE_UE-HOTWA 

59 (113) AL O_BULB-40W_UE-LIGHT = mlcJa • Q_UE-LIGHT 

60 (I 14) AL O_BULB-60W_UE-LIGHT = mlcJa .. Q_UE-LIGHT 

61 (115) AL O_BULB-75W_UE-LIGHT = mkta • Q_UE-LIGHT 

62 (116) AL O_BULB-JOO_UE-LIGllT • mkta • Q_UE-LIGHT 

63 (I 17) AL O_FLOU-20W_UE-LIGHT = mkta • Q_UE-LIGHT 

64 (118) AL O_SHOWERH_UE-HOTWA = mkta • Q_UE-HOTWA 
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ANNEX 19: RESULT TABLES 

Belize Electricity Demand Study, BEUIER, Octo!'ter 1~4 

... ousehold Electricity Demand Forecast 1 g94-2014 
acenario: Stagnation - Business as Usual 

~egion 
otal Belize 

I 
'rid Urban 

I 
frid Ru;-al 

I 
Ion Grid 

I 
I 
I 
I 
I 
I 
I 

End Uses 

Lighting 
Cooking 
Refrigeration 
Water Heating 
Laundry 
Other 
Total 
Lighting 
Cooking 
Refrigeration 
Water Heating 
Laundry 
Other 
Total 
Lighting 
Cooking 
Refrigeration 
Water Heating 
Laundry 
Other 
Total 
Lighting 
Cooking 
Refrigeration 
Water Heating 
Laundry 
Other 
Total 

1994 
(MWhM 

10134.60 
1968.11 

20577.14 
4177.70 
1727.40 

18620.32 
57205.27 

6255.93 
1456.94 

13382.89 
2675.66 
821.54 

13221.00 
37813.97 

2364.45 
418.67 

5160.50 
1126.41 
858.85 

4084.36 
14513.25 

1014.22 
92.49 

2033.75 
375.63 
' 47.01 

1314.96 
4878.06 

1999 2004 
lMWhM (MWWvl 

1C857.41 11638.51 
2095.63 2232.48 

22008.58 23552.79 
4470.52 4785.58 
1863.59 2011.73 

19856.69 21185.95 
61152.43 65408.04 

6575.04 6910.44 
1531.26 1609.37 

14065.55 14783.03 
2812.15 2955.60 

863.45 907.49 
13895.41 14604.21 
39742.86 41770.15 

3162.58 3491.75 
462.25 510.36 

5697.61 6290.62 
1243.65 1373.09 
948.24 1046.94 

4509.46 4978.81 
16023.80 17691.57 

1119.78 1236.33 
102.12 112.75 

2245.43 2479.13 
414.72 457.89 

51.90 57.30 
1451.82 1602.93 
5385.77 5946.33 

2014 growth rate 
CMWtVvl (% :>er vear\ 

13396.92 1.41% 
2537.31 1.28% 

27019.95 1.37% 
5496.77 1.38% 
2348.50 1.55% 

24155.24 1.31% 
74954.69 1.36% 

763342 1.00% 
1m.15 1.00% 

16329.66 1.0Co/o 
3264.82 1.00% 
1002.44 1.00% 

16132.14 1.00% 
4614r 23 1.00% 

425o.42 2.00% 
622.12 2.00% 

7668.23 2.00% 
1673.79 2.00% 
1276.21 2.00% 
6069.14 2.00% 

21565.92 2.00% 
1507.08 2.00% 

137.44 2.00% 
3022.05 2.003'0 

558.16 2.00% 
69.85 2.00% 

1953.96 2.00% 
7248.54 2.00% 
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Belize Electricity Demand Study, BELJIER, October 1994 

Household Electricity Demand Forecast 1994-2014 
Scenario: Reference - Businr.ss as Usual 

Region End Uses 1~ 1999 2004 
CMWhM (MWIVVl (MWh/vl 

Total Belize lighting 10134.60 11826.541 13807.48 
Cooking 1968.11 2400.53 2929.12 
Refrigeration 2osn.14 25199.90 30875.31 
Water Heating 41n.10 5118.52 6274.11 
Laundry 1727.40 2132.06 ~632.80 

Other 18620.32 22742.47 -;nsa.13 
Total 57205.27 69420.02 84307.55 

Grid Urban lighting 6255.93 7175.21 8229.58 
Cooking 1456.94 1756.26 2117.11 
Refriger..tion 13382.89 161'32.43 19446.87 
Water Heating 2675.66 3225.39 3888.05 
Laundry 821.54 990.33 ~~93.79 

Other 13221.00 15937.29 19211.64 
Total 37813.97 45216.si 54007.03 

Grid Rural Lighting 2864.45 3435.06 4119.35 
Cooking 418.67 527.68 665.08 
Refrigeration 5160.50 6504.18 8197.72 

• 
Water Heati. •!1 1126.41 ~419.7(l 1789.36 
Laundry 858.85 1082.48 1364.33 
01her 4084.36 5147.83 6488.21 
Total 14513.25 18116.95 226~1.06 

Non Grid Lighting 1014.22 1216.26 1458.55 
Cooking 92.49 116.58 1~6.93 

Refrigeration 2033.75 2563.30 3230.72 
Water Heatinr:i 375.63 473.43 596.70 
Laundry 47.01 59.25 74.67 
Other 1314.96 1657.35 2088.88 
Total 4878.06 6086.16 7596.45 

2014 
(MWh/v) 

18847.44 
4366.32 

46413.20 
9440.17 
4020.66 

41541.87 
124629.64 

10825.30 
3076.40 

28258.53 
5649.78 
1734.72 

27916.71 
n462.03 

5924.02 
1056.52 

13022.50 
2842.49 
2167.31 

10306.86 
35319.71 

2097.53 
233.40 

5132.16 
947.89 
118.62 

3318.30 
11847.91 

growth rate 
(o/o per year) 

3.15% 
4.06% 
4.15o/o 
4.16% 
4.31o/o 
4.09% 

-3.97% 
2.78% 
3.81o/o 
3.81o/o 
3.81% 
3.R1% 
3.81% 
3.65% 
3.70% 
4.74% 
4.74% 
4.74o/o 
4.74% 
4.74% 
4.55% 
3.70% 
4.74% 
4.74% 
4.74% 
4.74% 
4.74% 
4.54% 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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lllfeliza Electricity Demand Study, BEUIER, October 1994 
1-fousehold Electricity Demand Forecast 1994-2014 

Scenario: Prosperity - Business as Usuat · 

I~ . eg1on End Uses 1994 1999 2004 2014 growth rate 
lMWt-.'y} CMWhlv} lMWtVvl lMWh/vl (% per year) 

lighting 10134.60 11971.33 14148.82 19797 .54 3.40% 
Cooking 1968.11 2551.43 3309.15 5574.42 5.34% 
Refrigeration 20577 .14 26793.11 34905.58 59340.53 5.44% 

11 
Water Heating 4177 70 5442.33 7093.64 12071.39 5.45% 
Laund!y 1727.40 2268.35 2980.42 5154.23 5.62% 
Other 18620.32 24174.80 31401.58 53061.96 5.38% 

trid Urban 
Total 57205.27 73201.34 93839.19 155000.07 5.11% 
Lighting 6255.93 725:!.34 8407.44 11298.90 3.00% 
Cooking 1456.94 1864.79 2386.80 3910.12 5.06% 

I 
Refrigeration 13382.89 17129.19 21924.20 55916.80 5.06% 
Water Heating 2675.66 3424.67 4383.35 7180.91 5.06% 
Laundry 821.54 1051.52 1345.87 2204.84 5.06% 
Other 13221.00 16921.99 21659.00 35482.35 5.06% 

~rid Rural 
Total 37813.97 47644.49 60106.66 95993.94 4.77% 

I 
Lighting 2864.45 3485.04 4240.08 6276.36 4.00% 
Cooking j 418.67 562.39 755.45 1363.15 6.08% 
Refrigeration I 5160.50 6932.01 9311.56 16802.04 6.08% 
Water Heating 1126.41 1513.09 2032_51 3667.47 6.08% 
Laundry 858.85 1153.68 1549.72 2796.3';. 6.08% 

lon Grid Lighting 1014.22 1233.95 1501.29 2222.28 4.00% 

Other 4034.36 5486.45 7369.85 13298.24 6.08% 
Total 14513.25 19132.67 25259.28 44203.60 5.730.4 

Cooking 92.49 124.24 166.89 301.15 6.08% 

I Refrigeration 20~.75 2731.90 3669.72 I fi621.68 6.08% 
Water Heating 375.63 504.57 677.79 1223.00 6.08% 
Laundry 47.01 63.14 84.82 153.05 6.08% 

I 
Other 1314.96 1766.36 2372.73 4281.371 6.08% 

_______ T_o .... ta.-.1-:_:_-:_:_·:_::::-:_-:_-:_4-:_a·-1:-s_.-c_s::_:-:_-:_-:_-&_4:_2:_4-._1-:_s::_-:_·_-_-_34-:_1-:_3:.2:4:::_-:1:i:S02::.:s3::::::::s.:1-1 ... crc:o 

I 
I 
I 
I 
I 
I 
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Household Electricity Demand Forecast 
Scenario: Stagnation-Business as Usual 
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Household Electricity Demand Forecast 
Scenario: Stagnation-Bus!ness as Usual 
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J - - r Household Electricity Demand Forecast 
Scenario: Reference-Business as Usual 
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Household Electricity Demand Forecast 
Scenario: Reference-Business as Usual 
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Household Electricity Demand Forecast 
Scenario: Prosperity-Business as Usual 
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Household Electricity Demand Forecast 
Scenario: Prosperity-Business as Usual 
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