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FOREWORD

The TAEA has been supporting its Member States in the area of energy planning for
sustainable development. Development and dissemination of appropriate methodologies and
their computer codes are important parts of this support. This manual has been produced to
facilitate the use of the MAED model: Model for Analysis of Energy Demand.

The methodology of the MAED model was originally developed by. B. Chateau and
B. Lapillonne of the Institute Economique et Juridique de 1 'Energie (IEJE) of the University
of Grenoble, France, and was presented as the MEDEE model. Since then the MEDEE model
has been developed and adopted to be appropriate for modelling of various energy demand
system. One such example is development of MEDEE-2 by B. Lapillonne for the needs of the
International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria.

The TIAEA adopted MEDEE-2 model and incorporated important modifications to make it
more suitable for application in the developing countries, and it was named as the MAED
model. The first version of the MAED model was designed for the DOS based system, which
was later on converted for the Windows system.

This manual presents the latest version of the MAED model. The most prominent feature of
this version is its flexibility for representing structure of energy consumption. The model now
allows country-specific representations of energy consumption patterns using the MAED
methodology. The user can now disaggregate energy consumption according to the needs
and/or data availability in her/his country. As such, MAED has now become a powerful tool
for modelling widely diverse energy consumption patterns. This manual presents the model in
details and provides guidelines for its application.

The TAEA officer responsible for this publication is Ahmed Irej Jalal of the Department of
Nuclear Energy



EDITORIAL NOTE

The use of particular designations of countries or territories does not imply any judgement by the
publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (Whether or not indicated as registered) does
not imply any intention to infringe proprietary rights, nor should it be construed as an endorsement
or recommendation on the part of the IAEA.
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1 INTRODUCTION
1.1 Background information

The International Atomic Energy Agency (IAEA) has been assisting its Member States in the
conduct of energy and electricity planning studies. The principal objectives of such studies
are, in general, the evaluation of alternative paths/strategies for the development of energy
and electricity sector to meet the future demand for energy and electricity in a given country
(or a world region), and, in particular, an estimation of the role that nuclear power may play in
meeting this demand. For this purpose, the IAEA has developed a set of energy models that
provide a systematic framework for analyzing various issues covering social, economic,
technical and environmental aspects of energy decisions. Among these models, the WASP
computer program (Wien Automatic System Planning package) and a related methodology
was the first model developed and introduced by the IAEA [1-6]. The WASP program is
designed to find the economically optimal generation expansion policy for an electric power
system within certain constraints specified by the user. Though extensively used, WASP
handles only a part of the full spectrum of the analyses required for any meaningful energy
studies. The other models in the IAEA’s set of tools are: Model for Analysis of Energy
Demand (MAED), Energy and Power Evaluation Program (ENPEP), Model for Energy
Supply Systems and their General Environmental impacts (MESSAGE), Model for Financial
Analysis of Electric Sector Expansion Plans (FINPLAN), and Simplified Approach for
Estimating Impacts of Electricity Generation (SIMPACTS). This manual describes the
MAED model.

The general approach to the MAED methodology was originally developed by Messrs.
B. Chateau and B. Lapillonne (MEDEE: Mod¢le d'Evolution de la Demande d'Energie,
Ref. 7) of the Institut Economique et Juridique de 1'Energie (IEJE) of the University of
Grenoble, France. In fact, MAED is closely related to a simplified version of this
methodology, known as MEDEE-2 [8, 9], which was adapted by B. Lapillonne to the needs of
the International Institute for Applied Systems Analysis (IIASA, Laxenburg, Austria) for
carrying out studies on global energy assessment. While respecting the general structure of
MEDEE-2, important modifications were introduced in MAED by the IAEA. They concern:
the parameters required to be specified as input data; the equations used for calculating energy
demand of some sectors; and the printed output produced by the programs.

More important, MAED includes some additional modules which may be used to convert
first, the total annual electricity demand into the hourly electricity consumption expressed in
terms of the load imposed on the electric power generating system in each hour of the year,
and then into the so-called load duration curve of the power system, which is only a
convenient representation of the load for the purpose of analyzing the expansion of the
system. The additional modules above-mentioned have been developed based on well
established methodologies and computer programs. In this respect, the module which
calculates the hourly electric loads is based on a methodology developed by the Electricité de
France (EDF), and the module used for calculating the load duration curves is based on a
program (DURAT) which was originally developed for the UN-Economic Commission for
Latin America (ECLA).

The first version of MAED model was developed for DOS based systems, and was distributed
to over 40 countries [12]. In recent years majority of the users have shifted to Windows based
PCs and are more conversant with Windows based applications. As such, the MAED software
has been converted to EXCEL application. The EXCEL version not only permits working in a



familiar and convenient environment but also make the model formulation completely
transparent.

The earlier versions of the MAED model, both DOS and EXECL, were built on a pre-defined
structure for the economic sectors as well as for the end-use energy consumption activities.
There were six economic sectors, viz. Agriculture, Construction, Mining, Manufacturing,
Service and Energy, for which energy demand was calculated rather at an aggregated level.
The Manufacturing sector, however, was further sub-divided into four sub-sectors. Energy
demand for Transport sector was disaggregated into passenger and freight categories but the
transportation modes and fuel used by each mode were limited and predefined. There was a
possibility for representing various types of households but they were all grouped at the
country/region level. The Service sector was also represented at an aggregate level.

This predefined structure posed difficulties in modelling of energy consumption patterns in
many developing countries. For example, the Agriculture sector comprises of combination of
various types of economic activities such as cropping, livestock forming, fishing and forestry.
Each of these sub-sectors has different energy consumption pattern and energy intensities.
Using an average of diverse energy intensities to compute energy demand of the Agriculture
sector was a problem for many developing countries. Similarly, energy consumption pattern
and intensities in households vary across regions with in a developing country. Computation
of energy demand for households by aggregating them at regions was also a problem.

In view of these difficulties, a new version of MAED has been developed that allows the user
to expand the pre-defined energy demand structure according to the needs and/or data
availability. This new version presents a flexible framework to disaggregate energy demand in
each of the six economic sectors. Furthermore, the energy demand in the Households sector
can now be further disaggregated into Rural and Urban groups and various end-use categories
in each group of households. The Service sector has some additional end-use categories, while
additional modes and fuels have been added for the Transport sector. In the new flexible
framework, the users:

e can define up to ten sub-sectors in each of major sectors of the economy i.e from the
Agriculture sector to the Service sector mentioned above,

e can define up to fifteen modes of transportation for each of the predefined intercity and
Urban (intracity) passenger transportation and freight transportation,

e can specify up to eight fuels and assign them to each transportation mode as appropriate,

e can define up to ten types of dwellings in each of the two groups of Households i.e. Rural
and Urban.

The model computes energy demand at the sub-sector level and activity level.

The principal objective of this manual is to document the technical aspects of the MAED
model and the important assumptions behind the proposed modelling framework. This will
help the users to understand the results of the model and to realize the limitations of the
analysis carried out using these results. In addition, the Manual provides guidelines for
developing a country/region specific model structure, and for using the model for projecting
future energy needs.



1.2 Brief description of MAED model

MAED model evaluates future energy demand based on medium- to long-term scenarios of
socio-economic, technological and demographic developments. The model relates
systematically the specific energy demand for producing various goods and services identified
in the model, to the corresponding social, economic and technological factors that affect this
demand. Energy demand is disaggregated into a large number of end-use categories; each one
corresponding to a given service or to the production of a certain good. The nature and level
of the demand for goods and services are a function of several determining factors, including
population growth, number of inhabitants per dwelling, number of electrical appliances used
in households, peoples’ mobility and preferences for transportation modes, national priorities
for the development of certain industries or economic sectors, the evolution of the efficiency
of certain types of equipment, market penetration of new technologies or energy forms etc.
The expected future trends for these determining factors, which constitute “scenarios”, are
exogenously introduced.

An understanding of these determining factors permits the evaluation of the various categories
of energy demand for each economic sector considered. The total energy demand for each
end-use category is aggregated into four main “energy consumer” sectors: Industry (including
Agriculture, Construction, Mining and Manufacturing), Transportation, Service and
Household. The model provides a systematic accounting framework for evaluating the effect
on energy demand of a change in economics or in the standard of living of the population.

The starting point for using the MAED model is construction of base year energy
consumption patterns within the model. This requires compiling and reconciling necessary
data from different sources, deriving and calculating various input parameters and adjusting
them to establish a base year energy balance. This helps to calibrate the model to the specific
situation of the country.

The next step is developing future scenarios, specific to a country’s situation and objectives.
The scenarios can be sub-divided into two sub-scenarios:

e one related to the socio-economic system describing the fundamental characteristics of the
social and economic evolution of the country;

e the second related to the technological factors affecting the calculation of energy demand,
for example, the efficiency and market penetration potential of each alternative energy
form.

The key to plausible and useful scenarios is internal consistency of assumptions, especially
for social, economic and technological evolution. A good understanding of the dynamic
interplay among various driving forces or determining factors is necessary. The model output,
1.e. future energy demand, is just a reflection of these scenario assumptions. The evaluation of
output and the modification of initial assumptions is the basic process by which reasonable
results are derived.

The model focuses exclusively on energy demand, and even more specifically on demand for
specified energy services. When various energy forms, i.e. electricity, fossil fuels, etc., are
competing for a given end-use category of energy demand, this demand is calculated first in
terms of useful energy and then converted into final energy, taking into account market
penetration and the efficiency of each alternative energy source, both specified as scenario



parameters. Non-substitutable energy uses such as motor fuels for cars, electricity for specific
uses (electrolysis, lighting etc.) are calculated directly in terms of final energy.

Demand for fossil fuels is therefore not broken down in terms of coal, gas or oil, because this
energy supply mix largely depends on the technological possibilities of supply and relative
prices of these fuels, aspects that are outside the scope of the MAED analysis. The
substitution of fossil fuels by alternative “new” energy forms (i.e., solar, district heat etc.) is
nevertheless estimated, due to the importance of the structural changes in energy demand that
these energy forms may introduce in the future. Since these substitutions will be essentially
determined by policy decisions, they are to be taken into account at the stage of formulating
and writing the scenarios of development.

Special attention is given to the calculation of electricity demand, which is performed not only
annually as for all other energy forms, but also on an hourly basis. These calculations in turn,
can serve as input data for further analysis of the generating system using the WASP model.
These calculations specifically determine the electric load imposed on the generating system,
which will then permit WASP to select suitable generation technologies that match the
variation in demand within a year or season.

The hourly load calculations are performed using various “modulation coefficients” which
correlate changes in hourly electricity consumption with respect to average consumption. In
determining hourly, daily and weekly electric load from the total annual electricity demand of
the sector, the model takes into account:

(a) The trend of the average annual growth rate of electricity demand;

(b) The seasonal changes in electricity consumption (this variation may be reflected on a
monthly or weekly basis, depending on available information);

(c) The changes in electricity consumption owing to the type of day being considered (i.e.
working days, weekends, special holidays etc.);

(d) The hourly variation in electricity consumption during the given type of day considered.

INPUT OUTPUT

oEnergy sector data

(energy balance) oFinal energy demand

oScenario assumptions oElectricity demand

-Socio-economic -
MAED —»

—Technological oHourly electric load

oSubstitutable energy uses
oProcess efficiencies
oHourly load characteristics

oLoad duration curves
(WASP)

Figure 1.1. Main inputs and outputs of MAED.



1.3 Organization of MAED model

The MAED model software is provided in two EXCEL Workbooks (files): MAED D and
MAED EL. The MAED D workbook contains several EXCEL worksheets devoted to
various sectors, sub-sectors and end-use activities included in the model. These worksheets
also serve for inputting data and viewing results. This workbook is Module 1 (Energy
Demand Calculations) of the MAED model. It processes information describing the social,
economic and technological scenario of development and calculates the total energy demand
for the desired years. The breakdown of this demand by energy form and by economic sector
considered is also provided as part of the results of the analysis.

The 2™ workbook (MAED EL) is Module 2 (Hourly Electric Power Demand) of the MAED
model. It uses the total annual demand of electricity for each sector (calculated in MAED D)
to determine the total electric power demand for each hour of the year or, in other words, the
hourly electric load, which is imposed on the power system under consideration. This
workbook also contains several worksheets meant to provide additional input data, executing
the module and viewing the results. Both worksheets have several Microsoft Visual Basic
macros for performing certain functions, explained in the subsequent chapters, and executing
the computations.






2 GENERAL DESCRIPTION OF MAED MODULE 1
ENERGY DEMAND ANALYSIS
2.1 Introduction

The Module 1 of MAED model (MAED D) is a simulation model designed for evaluating the
energy demand of a country or world region in the medium and long term. It belongs to the
family of MEDEE models, which are based on the scenario approach. In the MAED/MEDEE
approach a '"scenario" is viewed as a consistent description of a possible long-term
development pattern of a country, characterized mainly in terms of long-term direction of
governmental socioeconomic policy. Following this approach, the planner can make
assumptions about the possible evolution of the social, economic, and technological
development pattern of a country that can be anticipated over the long term from current
trends and governmental objectives. The consistency of the scenario is a very important
consideration of the methodology in order to guarantee attainment of sound results. Such
consistency is to be exercised by the planner while formulating possible scenarios of
development.

In summary the MAED D methodology comprises the following sequence of operations:

(1) disaggregation of the total energy demand of the country or region into a large number of
end-use categories in a coherent manner;

(2) identification of the social, economic and technological parameters which affect each end-
use category of the energy demand;

(3) establishing in mathematical terms the relationships which relate energy demand and the
factors affecting this demand;

(4) developing (consistent) scenarios of social, economic and technological development for
the given country;

(5) evaluation of the energy demand resulting from each scenario; and finally

(6) selection among all possible scenarios proposed, the "most probable” patterns of
development for the country.

It should be noted that in the model, energy demand of the ultimate consumers is (as long as it
is possible) always calculated in terms of the service performed ("useful" energy) as opposed
to in terms of the amount of energy supplied ("final" energy). This differentiation between
energy demand expressed in terms of useful and final energy permits a better study of the
substitution between alternative energy forms, as well as an appraisal of the evolution of the
technological improvements in the equipment and appliances used by the ultimate consumers.

Objectives of the methodology
The MAED D model has been designed to reflect:

(a) The structural changes in the energy demand of a country in the medium and long term.
This is done by means of a detailed analysis of the social, economic and technological
characteristics of the given country. This approach takes especially into account the
evolution of the social needs of the population, such as the demand for space heating,
lighting, transportation, air conditioning, and this as a function of the distribution of
population into urban and rural areas; the industrial policies of the country (development
stressed on certain types of industries); and the country's policies concerning
transportation, housing etc., as well as the technological development;



(b) The evolution of the potential markets of each form of final energy: electricity, fossil fuels
(coal, gas, oil), solar etc.

In the model the substitution between alternative energy forms is not calculated automatically
from the evolution of the price for each energy form and its corresponding coefficient of
elasticity, but from an analysis made while formulating the possible scenarios of
development. This could be considered as a drawback of MAED; however, one should bear in
mind that in the actual economic context, characterized by continual changes of energy prices,
the economists do not dispose of any proven technique, which would allow them to quantify
the effect of changes in energy prices on energy demand. Besides, the considerable
divergences between the results provided by many studies on price elasticity's of the demand
have demonstrated that the traditional manner of conceiving elasticity's of the demand is no
longer satisfactory.

Due to the reasons mentioned above, the MAED D does not calculate the evolution of energy
demand directly from the evolution of energy prices. For example, the demand for gasoline is
not calculated from a hypothetical price; this price is simply taken into account implicitly
while writing the scenarios of development and it serves as a reference for modulating the
future evolution of the parameters involved, such as the car ownership ratio, average distance
traveled by car each year etc. In this case, MAED D simply calculates the demand for motor
fuels (gasoline, diesel etc.) as a function of the socio-economic parameters specified by the
scenario of development: number of automobiles, average distance driven by car etc. In other
words, the prices of motor fuels are not explicitly taken into account; they simply affect the
level at which the scenario developers situate the socio-economic parameters.

2.2 Energy demand calculations

The energy demand is calculated by the model MAED D as a function of a scenario of
possible development. This scenario covers two types of scenario elements (see Figure 2.1):

e One is related to the socio-economic system and describes the fundamental characteristics
of the social and economic evolution of the country;

e The second is related to the technological factors, which should be taken into account in
the calculation of energy demand, for example the efficiency of each alternative energy
form and its penetration into its potential markets.

MAED D calculates the total energy demand for each end-use category, aggregating the
economic sectors into four main "energy consumer" sectors: Industry (including Agriculture,
Construction, Mining and Manufacturing), Transportation, Service and Household. At the
same time, it provides a systematic accounting framework for evaluating the effect on the
energy demand of any change of economic nature or in the standard of living of the
population.

When various energy forms, i.e. electricity, fossil fuels etc., are competing for a given end-use
category of energy demand, this demand is calculated, first in terms of useful energy and then
converted into final energy, taking into account the penetration into the given market and the
efficiency of each alternative energy source, both specified as scenario parameters.

In the model, the demand for fossil fuels is not discerned in terms of coal, gas or oil, because
this largely depends on the possibilities of supply and relative prices of these fuels, aspects
that are out of the scope of the analysis carried out by the use of MAED. The substitution of
fossil fuels by alternative "new" energy forms (i.e. solar, district heat etc.) is nevertheless
estimated, due to the importance of the structural changes in energy demand that these energy
forms may produce in the future. Since these substitutions will be essentially determined by



political decisions, they are to be taken into account at the stage of formulating the scenarios
of development.

Non-substitutable energy uses such as motor fuels for cars, electricity for specific uses
(electrolysis, lighting etc.), are calculated directly in terms of final energy.

For each end-use category, the energy demand (useful or final) is related to a set of socio-
economic and technological determining factors (macroeconomic parameters, physical
quantities, etc.) whose evolution with time will determine the energy demand projections.

Six economic sectors are considered in MAED D: Agriculture, Construction, Mining,
Manufacturing, Service (including transport) and Energy. Agriculture, Construction, Mining,
Manufacturing and Service sectors can be further subdivided into up to ten subsectors to
allow grouping of the economic branches with similar energy intensities. Energy sector is
used only to describe the GDP (Gross Domestic Product) formation. Its energy inputs, for
conversions to other final energy forms, are not accounted for by the MAED model, which
deals only with the final and useful energy demand projection.

The evolution of the structure of GDP formation is one of the driving factors of greater
importance in the model. The GDP formation structure, expressed in terms of the share of the
value added contribution to GDP by each sector, is specified directly as part of the scenario.
Likewise, the shares of value added by each subsector in the total value added by each main
economic sector are also specified directly as scenario elements.

As mentioned above, the energy demand is calculated separately for four major aggregated
sectors: Industry, Transportation, Service and Household. The calculation of the energy
demand of each of these sectors is performed in a similar manner. According to this
procedure, the demand for each end-use category of energy is driven by one or several socio-
economic and technological parameters, whose values are given as part of the scenarios.

2.2.1 Industry sector

In this aggregated sector are included the following economic sectors: Agriculture,
Construction, Mining, and Manufacturing industries. Each main sector can be subdivided into
a maximum of ten user-defined subsectors. This free split of sectors by subsectors allows for a
high flexibility in reflecting the industry structure pattern of a particular country.

Generally speaking, the energy demand of each economic subsector is driven by the level of
economic activity of the subsector evaluated in terms of its value added and the energy
intensity of each energy form. The level of economic activity of each economic subsector is
obtained from the data on total GDP and GDP structure, which are specified by the user as
input.

For each sector the energy demand is calculated separately for three end-use categories:
electricity for specific uses (lighting, motive power, electrolysis etc.); thermal uses (space and
water heating, steam generation, furnace and direct heat); and motor fuels. Coke used in steel
production and feedstock requirements for the petrochemical industry are calculated
separately.

Of the end-use categories of energy demand considered, motor fuels and electricity for
specific uses are non-substitutable forms. On the other hand, substitution possibilities exist for
the thermal uses, in particular for the displacement of fossil fuels (mainly oil), especially in
Manufacturing owing to the high level of concentration of these activities. As Agriculture,
Construction, and Mining activities are generally much more decentralized, the opportunities
for the substitution of fossil fuels in these sectors are also relatively small.



Breakdown of the economy by sector: industry, transport, service, household

Scenario assumptions

Sub-scenarios on socioeconomic

development

(e.g. economic growth, life style, population...)

Sub-scenarios on technological evolution
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Figure 2.1. Scheme used to project useful and final energy demand in Module 1 of MAED.
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Still, in particular situations, such opportunities may be large enough to warrant due
consideration and MAED model allows for that.

In order to analyze the substitution process, the thermal energy demand in Manufacturing is
broken down in three types of thermal processes: space and water heating; steam generation;
and furnace and direct heat. For each Manufacturing sub sector, the scenario parameters must
specify the breakdown of thermal uses into these thermal processes.

The energy intensities (i.e. the consumption of motor fuels, electricity and thermal energy per
unit of value added) of each sub sector must be specified as scenario parameters due to the
fact that these energy intensities are characteristics of each country and depend on the
equipment used. For non-substitutable forms (i.e. electricity and motor fuels) energy
intensities are specified in terms of final energy per unit of value added, and for substitutable
forms (thermal uses) in terms of useful energy per unit of value added.

The thermal energy demand (for substitutable energy forms) is converted from useful into
final energy by means of the scenario parameters related to the penetration into the potential
market and the efficiency of each alternative energy form. For example, in order to take into
account the evolution of the role played by new energy forms such as solar energy, both, the
market penetration rate and the efficiency of the appliances (relative to that of the use of
electricity with conventional technologies) must be specified as scenario parameters.

Table 2.1 summarizes the economic activities grouped in the Industry sector, as well as the
various end-use categories of energy and the alternative energy forms considered.

Table 2.1.  Activities, energy uses and alternative energy forms considered for the Industry sector in
MAED-D

I. Activities

e Agriculture

e Construction

e Mining

e Manufacturing
II. Energy uses

e Specific uses of electricity (lighting, motive power, electrolysis etc
e Motor fuels
e Thermal uses™: -space heating and hot water
-steam generation
-furnace and direct heat
e Special treatment: -coke use for pig iron steel-works

-feedstock requirements in the petrochemical industry

*Note: This breakdown applies to manufacturing only. In Agriculture, Construction and Mining, thermal
uses are calculated globally at the level of each sector.

As already explained, the demand for fossil fuels is not broken down in terms of coal, oil and
gas because the MAED model does not take into account the supply problems associated with
these fuels.
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2.2.2 Transportation sector

The energy demand of this sector is calculated directly in terms of final energy as a function
of the total demand for transportation of passengers (passenger-kilometers) and freight (ton-
kilometers), the breakdown of this demand by competing modes (car, bus, plane, truck, train
etc.) and the specific energy needs and load factors of each mode. For transport of passengers,
the distinction is made for urban (intracity) and intercity transport. The types and modes of
transport considered in this sector are listed in Table 2.2.

The total demand for transport is calculated separately for freight and passengers according to
macro-economic and life-style factors. In the case of freight transportation, the demand is
calculated as a function of the GDP contribution (t-km/MU') from the subsectors of
Agriculture, Construction, Mining, Manufacturing and Service and from Energy sector.

On the other hand, the demand for transport of passengers is determined from total
population, population living in large cities, and the average intercity and intracity distance
traveled per person. The latter is considered to be a scenario variable since it is certainly
dependent on disposable personal income and cost of travel, and also on consumer habits.
Other scenario variables for intercity passenger transportation are: car ownership and average
distance driven per car per year.

Following the same aim of flexibility as for the Industry sector, up to 15 transportation modes
are allowed for freight and intracity passenger transportation. For intercity passenger
transportation up to 5 types of cars (using different fuel types) and 10 types of public modes
(using different fuel types and having different load factors) is permitted. Each transport mode
is characterized by its specific fuel consumption (energy intensity). In addition, 8 different
fuels are allowed in Transportation sector. Four of them are fixed: electricity, steam coal,
diesel and gasoline, and four others are left at the user’s choice.

Substantial improvements in specific fuel consumption of various modes of transport may be
expected in the future. Such improvements may generally be deduced from past trends.

The load factors by mode of transport are highly dependent on the transport policy of the
country and therefore must be specified as scenario parameters.

In addition to the above-mentioned transportation types, the energy consumption (motor
fuels) of international and military transportation is calculated as a function of total GDP.

Table 2.2. Types and modes of transport considered for the Transportation sector in MAED_D

Transport type Maximum number of Maximum number of
transport modes fuel used

Passenger (national level)

- Intracity 15 8
- Intercity 5 car types 8
10 public modes
Freight (national level) 15 8
International, military and other 1 (aggregated transport type) | 1 (aggregated fuel type -

motor fuels)

' MU: monetary unit
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2.2.3 Service sector

The scenario parameters and related equations which characterize the energy consumption in
the Service sector are related to the economic level of activity of this sector (subsectorial
value added and labor force in the sector).

The end-use categories considered for the Service sector are: space heating, other thermal
uses (essentially water heating, cooking), air conditioning, specific uses of electricity (motive
power for small motors, computers, lighting etc.) and motor fuels. A summary of end-use
categories and alternative energy forms considered for the Service sector is given in
Table 2.3.

The energy consumption for space heating and air conditioning is calculated on the basis of
the specific space heating and cooling requirements (kWh/sqm/yr), while that for other
thermal uses, specific uses of electricity and motor fuels is calculated as a function of the
value added and energy intensity at the subsector level within Service sector.

When the demand of a given end-use category can be provided by various energy forms
(space heating, other thermal uses and air conditioning), this is calculated in terms of useful
energy. The final energy demand is then calculated from the penetration into the potential
market and the efficiency of each energy form (relative to that of electricity for the same use)
as specified in the scenario.

Table 2.3. Energy end-use categories and alternative energy forms distinguished in the
Service sector in MAED D

Energy forms End-use category
SH OTU AC AP MP
Traditional fuels X X
Modern biomass X X
Electricity X X X X
District heating
Soft solar systems X(1) X(1)
Fossil fuels (oil, gas, coal) X X X
Motor fuels (gasoline, diesel X
etc.)
(1) only for low-rise buildings.
Abbreviations:  SH: space heating OTU: other thermal uses
AC: air conditioning AP: appliances

MP: motive power
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2.2.4 Household sector

Although the energy demand in Household and Service sectors are calculated very similarly,
the calculations are executed separately due to the fact that the scenario parameters and
related equations which characterize their energy consumption are not the same: in the
Household sector the determining factors are of demographic nature (population, number of
dwellings etc.) whereas in the Service sector they are related to the economic level of activity
of this sector.

A summary of end-use categories and alternative energy forms considered for the Household
sector is given in Table 2.4. The categories of energy use considered in Household are: space
heating, water heating, cooking, air conditioning and secondary appliances (refrigerators,
lighting, washing machines etc.).

The calculations for the Household sector are performed taking into account the living
conditions of the population, i.e. the place of residence (separate calculations for urban and
rural areas), and type of residence (up to 10 different types of dwellings can be defined for
both urban and rural areas). This permits a better representation of the proper needs of the
individuals, of their living style, as well as a more appropriate definition of the potential
markets for the alternative forms of final energy.

When the demand of a given end-use category can be provided by various energy forms
(space heating, water heating, cooking and air conditioning), this is calculated in terms of
useful energy and not in terms of final energy. The final energy demand is then calculated
from the penetration into the potential market and the efficiency of each energy form (relative
to that of electricity for the same use) as specified in the scenario.

The energy consumption for secondary appliances is calculated separately for electrified
dwellings, for which the use of electric appliances is assumed, and for the non-electrified
dwellings, for which alternative appliances using fossil fuels are considered (kerosene
lighting, refrigerators on natural gas etc.).

Table 2.4. Energy end-use categories and alternative energy forms distinguished in the
household sector in MAED D

End-use category

Energy forms SH WH CK AC AP
Traditional fuels X X X
Modern biomass X X X
Electricity X X X X X
District heating X X
Soft solar systems X X X
Fossil fuels (oil, gas, coal) X X X X X
Abbreviations:  SH: space heating WH: water heating CK: cooking

AC: air conditioning AP: appliances
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2.3 Maximal capabilities of MAED_D program

Some references to the maximal capabilities of MAED D program were already made in the
previous sections describing the energy demand calculation for each model sector. Table 2.5
summarizes this information for the entire program.

Table 2.5. Maximal capabilities of the MAED D program

Parameter Maximum allowance
Reference years 15
Subsectors of Agriculture, Construction, Mining, Manufacturing 10

and Service sectors

Freight transportation modes 15
Car types for intercity passenger transportation 5
Public modes for intercity passenger transportation 10
Intracity passenger transportation modes 15
Fuels used in Transportation sector 8

out of which fuels:

fixed: electricity, steam coal, diesel and gasoline 4
user-specified fuels 4
Urban dwelling types 10
Rural dwelling types 10
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3 EXECUTION OF MAED MODULE 1

3.1 Introduction

The MAED model operates under the Microsoft Excel software and can be readily installed
on a PC operating in Windows 95, 98, 2000 or XP environment by transferring the files
MAED D and MAED EL from a CD-ROM or from floppy diskettes to any selected
directory (e.g. c:/programs/maed) on the user’s computer. As pointed out earlier, MAED D
(Module 1) is meant for calculating and projecting final energy demand, while MAED EL
(Module 2) is intended for performing hourly electric power demand calculations and
working out the load duration curves for specified periods of the year. This section provides
an overview of the worksheets associated with the Excel workbook MAED D and describes
the execution of Module 1 (MAED_D). The corresponding aspects of Module 2 are covered

in Chapter 7.

Table 3.1. List of worksheets in MS Excel workbook file MAED D

Worksheet | Name of worksheet | Content of worksheet

No.

1 MAED-WS Title page of the workbook

i Notes Colour code conventions

il Descr Cover page (study and scenario description)

v TOC Table of contents

v Defs Definition of the energy system

vi Demogr-D Demographic data

vii GDP-D GDP formation

viii Enlnt-D Energy intensities for Industry sector (Agriculture,
Construction, Mining and Manufacturing)

ix UsEne-D Useful energy demand calculation for Industry
sector (Agriculture, Construction, Mining and
Manufacturing)

X ACMFac-D Penetrations and efficiencies for thermal energy in
Agriculture, Construction and Mining sectors

X1 FIN ACM Final energy demand calculation for Agriculture,
Construction and Mining sectors

xii ManFacl-D Useful thermal energy demand by end-uses in
Manufacturing sector

x1ii ManFac2-D Penetrations and efficiencies for thermal energy in
Manufacturing sector

X1v FIN Ind-D Final energy demand calculation for Manufacturing
sector

XV FrTrp-D Final energy demand calculation for Freight
transportation subsector

XVi PassIntra-D Final energy demand calculation for Intracity
(urban) passenger transportation subsector

Continues
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Table 3.1. List of worksheets in MS Excel workbook file MAED D (Continued)

xvii PassInter-D Final energy demand calculation for Intercity
passenger transportation subsector.

Xviil Fin_Trp-D Final energy demand calculation for Transportation
sector

Xix US HH Ur-D Useful energy demand calculation for Urban
household subsector

XX US HH Rr-D Useful energy demand calculation for Rural
household subsector

XX1 FIN HH-D Final energy demand calculation for Household
sector

XXii US SS-D Useful energy demand calculation for Service sector

xXiil SS Fac-D Penetrations and efficiencies for Service sector

XX1V FIN SS-D Final energy demand calculation for Service sector

XXV Final-D Total final energy demand by energy form and by
sector (in energy unit specified in cell E50)

XXVi Final Results (User | Total final energy demand by energy form and by

Units) sector (in energy unit specified in cell L50)
XXVil Convs Energy unit conversion factor table

3.2 Description of MAED module 1 Excel worksheets

The MS Excel file MAED D consists of 27 worksheets as listed in Table 3.1. Of these, 22
worksheets serve as spreadsheets for entering the input data and/or performing the model
based calculations, while the others provide some general information (e.g. cover page, colour
codes, conversion factors etc., used in various worksheets). Microsoft Visual Basic
subroutines have been used in the Microsoft Excel environment to automatically generate the
equations and tables of the model. A brief description of various worksheets follows.

(a) Worksheet “MAED-WS”

This worksheet contains the title page of the workbook file MAED D, as shown in
Figure 3.1.

Model for Analysis of Energy Demand

An updated Version

MAED-2
2005

Figure 3.1. Snapshot of worksheet “MAED-WS”".
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(b) Worksheet “Notes”

A snapshot of the worksheet “Notes” is given in Figure 3.2. This worksheet contains
information about the colour code conventions used in various worksheets for making a
distinction between the types of information contained in various cells, what are the data that
may be entered/changed in various data worksheets and to indicate whether the cells are
locked or not:

e Light blue and blue: definition of names (column A of each worksheet) and units (column
B of each worksheet) of model variables and reference years for energy demand
calculations. These cells are locked.

e Orange and beige: calculated data. The respective cells are locked.

e White: input data. The only cells where the user is allowed to enter or change input data.
e Red: invalid value, locked cell.

e Mauve: error, locked cell.

e Black: unused cell in Defs worksheet.

Notes: Toc
| ]
Color codes:

definitions locked
definitions locked
calculated locked
caleulated locked
input data input (required for years == 2000)

irealid walue locked
Errar locked
unused

Numerical data entry:
Data in white fields can be changed numerically in the data sheet (...-D)
Fields calored orange are derived values and cannot be changed.

Figure 3.2. Snapshot of worksheet “Notes” in MAED D.

(c) Worksheet “Descr”

As the various MAED D worksheets have not any identification title for each scenario under
study, this worksheet is intended to be a cover page for the output associated with a particular
scenario. The user can include here the name, description and author(s) of the project (case
study) as well as the name, description and date for a specific scenario. Figure 3.3 shows a
snapshot of the worksheet.

(d) Worksheet “TOC”

As shown in Figure 3.4, this worksheet contains the table of contents of the workbook
MAED _D. By clicking the various buttons available in this worksheet, the user can move to
the corresponding worksheets of the workbook.
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All the other worksheets in MAED D have a button “TOC”; by clicking that button one can
come directly into this worksheet.

Dermonstration of MAED Model

htermational omic Erergy fgency
Departrnert of Muclear Energy

Flanning and Economic Sudies Section
MM ED_DO Dermonstration Case

The data usedin this demonstration case correspondtoa

hypothetical scenario for 3 hypotbetical country.

They are there only for illust=tion purposes and will needto be replaced
by actual country and scenario specific data by the user of the model.

D ernber 2004

Figure 3.3. Snapshot of worksheet "TOC" in MAED D.

MNotes
Descr
Defs
Demogr-0
GOP-D
Enlnt-0
UsEne-D
ACMFac-D
FIM_ACHK
ManFac1-D
ManFac2-D
FIN_Ind-0
FrTrp-D
Passlntra-0
Passinter-0
FIN_Trp-D
US_HH_UrD
US_HH_RrD
FIN_HH-D
US_55-D
SS_Fac-D
FIN_S5-0
Final-D
Final_User-D
Conve

Figure 3.4. Snapshot of worksheet “TOC” in MAED D.

(e) Worksheet “Defs”

This worksheet contains the information defining the energy system under study and the study
horizon, namely(see Figure 3.8):

Number and list of the reference years of the study;
Base year (one of the reference years);

Number and names of sub sectors for Agriculture, Construction, Mining, Manufacturing and
Service sectors;
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Number of freight, passenger intracity and passenger intercity transportation modes;
Name and the fuel used by each transportation mode;
Names and numeric codes of the fuel used in the entire Transportation sector;

Natural units for energy intensities associated to each fuel and conversion factors from the
natural units to kWh;

Number of types, and types of dwellings in urban and rural areas;

Monetary unit (MU) selected for the study and the units applicable to all variables of the
model.

A detailed description of this worksheet will be given in a subsequent subsection.

(f) Data Entry and Handling Worksheets

The 21 worksheets listed under No. vi—xxvi in Table 3.1, serve as data worksheets for
entering the input data into the model, for performing the model based calculations and for
showing the model results. Each worksheet consists of one or more tables. The snapshot of a
typical table taken from the worksheet “US _SS-D” is shown in Figure 3.5. As in Figure 3.5,
the first column of each table lists brief descriptions of various input and derived parameters
while the entries in the second column specify the corresponding units of measurement. The
next several columns are meant for entering/changing the input data corresponding to
different reference years or for recording the results of the calculations performed by the
model. In line with the contents of the worksheet “Notes” (see Figure 3.2), the cells listing the
parameter description, the units of measurement and the study reference years are colored
blue and locked; those containing the input data are colored white; and those containing the
values of the derived parameters of the model are colored in orange and locked. For more
detailed information about the definition or role of a particular parameter, one could then refer
to Section 4 (Tables 4.1 and 4.2) and Section 5 of this manual.

Table 17-1 Basic data for useful energy demand in Service sector

Item Unit 2000 2005 2010 2015 2020 2025

Labour force in SS [%] 45.000 46.000 47.00 48.000 49.000 50.000
Floor area per emp. [sgm/cap] 8.000 8.400 8.800] 9.200, 9.600, 10.000
[Labour force in SS [mill cap] 1.689 2.059 2.53 3.139 3.888 4.800
Floor area of SS [mill sgm] 13.512 17.300 22.320 28.878 37.320 48.001

Figure 3.5. Snapshot of a typical table in data worksheets of MAED D.

The data listed at present in Tables 1-21 of workbook MAED D, covered by the 21 data
worksheets correspond to a hypothetical scenario (Demonstration Case) for a hypothetical
country. These data are only for illustration purposes and should not be considered as
reference of typical values.

In the top right hand corner of each data worksheet is located a button named “TOC”.
Clicking this button moves one to the worksheet “TOC” (Table of contents). Likewise, one

can come back to the same data worksheet by clicking the button named after that worksheet
in “TOC”.
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(g) Worksheet “Convs”

This worksheet provides a handy set of conversion factors for converting from one type of
energy unit to another type of energy unit, e.g. from TOE to kWh or vice-versa. Figure 3.6
shows the snapshot of a part of this worksheet.

|ccoversicn facters: [name: = WJ_CFG
fo--x fxample: 1hil 943E01 |CFG
i om CF& hill TCE cub m btu toe boe kR byt heal
CF&[ 1.085 J6E-05  [0233468 [1000 262E-05 (00001847 [0.2930665 [3.246E-05 [251.9824200
bl [08F T |1 JAM2E-05 (002806 [0 673 |2 .3858E06 00001754 (02777778 |37 1E-05 |238 8463966
TCE|Z777a7155 (2930756 |1 TB5.63395 27779716 0.7 5131 214 09293379 7000000
cubm |25 3196EET |37 266873 (00012712 (1 35314667 |0.0008599 [000G5227 (10343159 00011814 (3898 675214
bt (000 QO0f055 |36E-08  [2832E05 |1 262E-08 |1847E-07 [0.0002831 [3.346E-08 [0.251932421
toe [FA625.3031 |HE5E 14285714 [1123 7628 [38685308 [1 733 11630 13276256 10000000
boe 541409357 |5711.669 |0.1345838 [153.31007 |5414093.9 [0.1364255 |1 1586 6303 [0.1811222 [1364256 48
Kb (3. 41232227 |3.6 00001228 [D09GE262 [3412.3223 [5.898E05 00006303 |1 00001142 |359.8462279
bonnyr (298099 9431 |31536 107603499 |946.49657 (20301943 (07632244 (5521135 |8TED 1 TER 244196
bcal 000256252 (0.0044563 (1.429E-07 |0.0001124 |3 8685308 |0.00000041 |7 33607 |0.001163 [1.323E-07 |1

Figure 3.6. Snapshot of a part of worksheet "Convs".

3.3 Execution of MAED D program
The major steps involved in the execution of the MAED D program are:

Preparation of the necessary input data for each selected model reference year. The selected
model reference years could be (a) a set of historical years, including some recent years or (b)
the base year plus a set of future years for which energy demand is desired to be projected or
(c) a combination of the above two sets.

Entering the input data into various worksheets of the module MAED D.

Checking the model results by reviewing the values of the various derived variables in
different worksheets of MAED D, as well as the detailed information assembled in the
worksheets “Final-D” and “Final Results (User Unit).

Reiteration of the model run after improving the input data, if necessary.

The option (a) of step (i) involving the use of MAED D for reproducing the historical
evolution of energy demand over a certain period, is intended mainly for the purpose of data
validation and debugging. However, the implementation of this option is often not practicable
in view of the difficulties experienced in gathering historical data and also because of the time
constraints. The alternate approach generally used for executing the data validation and
debugging phase is to use MAED D to reconstruct the energy consumption pattern of the
base year so as to conform, as closely as possible, to the available disaggregated information.
This is done by appropriately adjusting the values of those input parameters of the model for
which concrete information is lacking.

It may be emphasized here that the base year should be chosen as close as possible to the
actual year in which the study is conducted; it should be a normal year (i.e. no abrupt changes
in energy use or economic growth should be observed in this year e.g. due to some natural
disaster); and the data availability in this year should not pose any serious problems compared
to its neighbouring years. Great care should be exercised by the model user in the selection of
the base year since it is a crucial year for the study as all future energy requirements are
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calculated by the program based on the energy structure established for this year and the
changing scenario parameters from year to year.

3.3.1 Some preliminaries

Before proceeding with a new scenario analysis, copy the file MAED D into a new folder and
continue further work related to that scenario only in this new folder.

Set the security level of Excel program to medium (Tools/Macro/Security/Medium)®. With
this setting, when the file MAED D will be opened, a dialogue box will appear on the
monitor screen (see Figures 3.7 a, b) asking the user if the Microsoft Visual Basic macros
present in the workbook should be enabled. Click the “Yes” or the “Enable Macros” button as
the macros provided in the worksheet are necessary for the proper operation of the program.

The program MAED D includes many internal checks for consistency of input data. For
example, if the user tries to exceed the maximal capabilities of the model, a warning message
will be written on the monitor screen. Sometimes, a cell corresponding to a derived variable
may be colored in red (error according to the color codes), telling the user that the value of an
upstream variable is not appropriate (for example, a percentage outside the interval 0-100).
Nevertheless, the user must take care himself about the general consistency of the input data
and of the results of the model.

2 X

CHMAEDMAED D, xls contains macros,

Macros may contain viruses, It is alwaws safe ko disable macros, but if the
macros are legitimate, ywou might lose some Funckionality,

Enable Macros I More Info I

Figure 3.7a. Snapshots of the dialogue box asking about the enabling of the Macros.

+ Microzoft Excel E3

The document you are opening containg macros. Some macros may contain harmful virses. IF pou
are sure this document iz from a brusted zource, click ez, If pou are not zure and want to prevent

arny macroz from rnning, click Mo
Cancel |

Figure 3.7b. Snapshot of the dialogue box after selection of Enable Macros button.

Tes

3.3.2 Entering of input data and progressive review of model results

MAED D has some 250 input parameters whose symbolic names; definitions and units are
described in Table 4.1. The user is required to collect and compile the input data

* For low security level setting the computer is not protected from potentially unsafe macros while for high
security level the MAED D macros might be automatically disabled.
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corresponding to all these parameters, for each selected reference year, and enter them in the
appropriate data worksheets of the file MAED D. However, before entering these data, the
user should enter the scenario description in worksheet “Descr” and set the model according
to the economy structure and the energy and electricity consumption pattern of the
country/region under study in worksheet “Defs”.

3.3.3 Worksheet “Defs”

As mentioned in section 3.2(e), this worksheet contains several fields, which may be changed
by the user to define the specific environment of a particular study. The fields with white
background color are for the user to enter/modify input data (Figure 3.8).

The following categories of input data are specified in this worksheet:
Reference years for the study:
e Number of reference years (cell B6)

e Sequential list of the model years for which energy demand will be projected (cells
B8:P8)

e Base year (one of the reference years) in cell B7.The most recent year for which all
population, economy and energy data are available.

The reference years include at least one historical year called (called base year) and some
future years for which energy demands are projected. It is preferable that the user includes
more than one historical years; in which case the most recent historical year will be the base
year. The program gives grey color to the background of all data fields for historical years.

To start with, the program shows "No.of Ref. Years" as 6 and 2000 as the base year as well as
the first reference year (i.e. only one historical year). In row 8, the program shows 5 fields
with white background color for the user to enter projection years. To add two more historical
years, the user should enter " No.of Ref. Years" 8. If 2002 is the most recent historical year,
then the user should enter 2002 as the base year and start the reference years from 2000
onwards.

Structure of the economic sector:

e Number of subsectors for Agriculture sector (cell B19)

e Names of subsectors of Agriculture sector (cells B20:B29)
e Number of subsectors for Construction sector (cell C19)

e Names of subsectors of Construction sector (cells C20:C29)
e Number of subsectors for Mining sector (cell D19)

e Names of subsectors of Mining sector (cells D20:D29)

e Number of subsectors for Manufacturing sector (cell E19)

e Names of subsectors of Manufacturing sector (cells E20:E29)
e Number of subsectors for Service sector (cell F19)

e Names of subsectors of Service sector (cells F20:F29)

The Energy sector is not split into sub sectors. It is used only to describe the GDP formation.
Energy demand for the energy sector is for conversion of one energy form in to another for
example oil-refining industry. Since these are conversion losses, the MAED model does not
consider them in projection of final and useful energy demand.
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For the other sectors the user can change the number of sub sectors and define their names in
the appropriate cells.

Structure of the Transportation sector:

e Number of freight transportation modes (cell J17)

e Name of freight transportation modes (cells 119:133)

e Fuel codes of freight transportation modes (cells J19:J33)

e Number of intercity passenger transportation modes (cell L17)

e Name of intercity passenger transportation modes: air plane, as public mode (cell
K19), 5 types of cars (cells K20:K24) and 9 other types of public modes (cells
K25:K33)

e Fuel codes of intercity passenger transportation modes (cells L19:1.33)
e Number of intracity passenger transportation modes (cell N17)

e Name of intracity passenger transportation modes (cells M19:M33)

e Fuel codes of intracity passenger transportation modes (cells N19:N33)

For freight and intracity passenger transportation subsectors the user can change the number
of transport modes and then define their names and fuel used by each mode in the above-
mentioned cells.

For intra-city, the program differentiates between private and public modes for passenger
transportation. After the first pre-defined mode of "Air plane", following five cells are
reserved for defining private modes. These cells have green background color. The program
assumes that there is at least one private mode of passenger transportation in these fields.
When the users enter any number greater than 2 in the field for "Mode Nr.", the program skips
these green cells to go to the first cell for defining the public mode of transportation.
However, if there is more than one private mode of transportations for passengers, the user
should enter the fuel code for that mode in the first green field and its name in the adjacent
field. For deleting any mode, the user should first make the fuel code "0" and then delete the
mode name. The user can either continue with entering private modes or can increase the
"Mode Nr." The program take her /him to the cell for public modes.

Fuels types used in the entire Transportation sector:

e Names of fuels (cells J38:J45); the first four fuels: electricity, steam coal, diesel oil and
gasoline are fixed; the user can add up to four country-specific new fuels.

e Natural units for energy intensities associated to each fuel when used for freight
transportation (cells L38:1.45). For example, kilogram of coal equivalent (kgce) for steam

coal, litre for diesel oil, gasoline, jet fuel, alcohol etc.

e Conversion factors from the natural units (kgce, litre etc.) to kWh when the fuel is used
for freight transportation (cells M38:M45)
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e Natural units for energy intensities associated to each fuel when used for passenger
transportation (cells N38:N45). For example, kilogram of coal equivalent (kgce) for steam
coal, litre for diesel oil, gasoline, jet fuel, alcohol etc.

e Conversion factors from the natural units (kgce, litre etc.) to kWh when the fuel is used
for passenger transportation (cells O38:045)

The user can change only the natural energy unit (numerator) but not the denominator (100 t-
km for freight transportation, and 100 km and 1000 seat-km for passenger transportation) of
the energy intensity of the use of the respective fuel, because they are built-in in the equations
of the model. After changing the natural unit, the corresponding conversion factor from the
respective natural unit (kgce, litre etc.) to kWh must be also changed accordingly.

In the Demonstration case the conversion factors are calculated with the formula expressions
using the heat content (kcal/kg) and density (kg/litre) of various motor fuels included in
worksheet “Convs”. The user can adjust the content of the respective cells of worksheet
“Convs” according to the characteristics of fuels used in the country under study and use the
same type of formula expressions or enter directly the appropriate conversion factors.

Structure of the Household sector:

e Number of types of urban dwellings (cell B35)
e Types of urban dwellings (cells B37:B46)

e Number of types of rural dwellings (cell D35)
e Types of rural dwellings (cells D37:D46)

The user can change the number of urban/rural dwelling types and define their names in the
appropriate cells.

Units of the model variables and conversion factors:

e Symbolic name of the selected monetary unit for the study (US$, EUR, local currency
etc.) in cell A50.

e Unit for GDP (cell B50); default unit: billion USS.
e Unit for Population and Dwelling numbers (cell C50); default magnitude: million.

e Energy unit (specified in cell E50, default: GWyr (or GWa)) in which energy demand
results will be shown in Tables 4, 6 to 7, 9 to 17, 19 to 20 of MAED D. As the energy
unit for the internal calculations of the model is TWh, the conversion factor from TWh to
this unit should be indicated in cell N50 either as a number or as a formula using the
appropriate conversion factor from worksheet “Convs”.

e User-specified energy unit (cell L50) in which the model final results will be shown in
worksheet “Final results (User unit)”. The default energy unit in which energy demand
results are shown in other tables of MAED D is that indicated in cell ES0, but the user
can ask also the final results in worksheet “Final results (User unit)” in another preferred
energy unit. The conversion factor from the unit from cell E50 to the user-specified

26



energy unit (cell L50) for worksheet “Final results (User unit)” should be input in cell
M50 either as a number or as a formula using the appropriate conversion factor from
worksheet “Convs”.

In row 50 of the worksheet “Defs” there are also some other units applicable to various
variables of the model that will be shown in column B of Tables 1 to 20. Some of them must
be consistent with the user-specified monetary unit. Therefore, if the user changes the
monetary unit from the default one (US$) to other unit (for example, EUR) some of these
units must be modified accordingly (for example, change the unit for energy intensity from
kWh/USS$ to kWh/EUR).

Changes in the magnitude of different units must be made cautiously because some default
ratios are built-in in the equations of the model. Some examples are the following:

e The ratio between the GDP (default magnitude: billion) and population (default
magnitude: million) figures must be 1000.

e The energy intensities for freight transportation (cells L38:L45) are all expressed in some
natural energy unit (litre, kgce etc) per 100 t-km. The user can change the natural energy
unit (numerator) and the corresponding conversion factors to kWh (cells M38:M45) but
not the denominator (100 t-km).

e The main parts of energy intensities for passenger transportation are expressed in some
natural energy unit (litre, kgce etc) per 100 km. The only exception is the fuel for air
planes for which the energy intensity is expressed in some natural unit per 1000 seat-km.
Again, the user can change the natural energy unit (numerator) and the corresponding
conversion factors to kWh (cells 038:045) but not the denominator (100 km and 1000
seat-km).

On the top of worksheet “Defs” (Figure 3.8) there are three buttons with the following
respective functions:

button “Construct the model structure”: automatic re-construction of the model structure
after each change in relevant data of worksheet “Defs”: number of reference years, number of
subsectors of Agriculture, Construction, Mining, Manufacturing or Service sectors; number of
transportation modes or fuel used in Transportation sector; number of urban or rural
household types.

button “Adjust column width”: adjust the column width according to the magnitude of
numbers in each column;

button “Clear input data”: delete all input data of the case.
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After changing any input data in worksheet “Defs” the user should press the button
“Construct the Working Area”. The following message is displayed:

Toeronstranon S

The model structure will be re-constructed.
Press OF ko continue, Cancel to cancel

| (04 Cancel |

If the Cancel button is pressed, the reconstruction of the model structure stops and the control
is transferred back to worksheet Defs.

If the user presses the OK button, the tables in the sheets affected by the above-mentioned
changes will be rearranged and the respective equations will be recalculated according to the
new values of modified parameters: number of reference years, number of economic/energy
subsectors, of transportation modes or of dwelling types.

Some change will affect only a few numbers of sectors and model’s parameters; other will
affect the majority of sectors. The user may be interested in keeping the maximum volume of
useful old data for unaffected parameters and sectors or to delete all old data for the modified
sectors/subsectors and keep only a minimum volume of old data for unaffected parameters in
the non-modified sectors/subsectors. To do so he/she will answer with Yes or No the
following new message:

%

Structure of the model has been changed, Keep valid data from old struckure?

Yes Mo |

If the answer is Yes, the old valid data are kept as shown in Table 3.2 for the most frequent
system changes. For No, all old input data for the changed sector(s) are deleted.

At the end of this procedure all Excel tables will be automatically reconfigured and energy
demand will be recalculated according to the latest input data.

If for some input data or calculated variables the column width is not large enough and the
program shows the ##### symbols in the respective cells, the user should press the button
“Adjust column width” to enlarge the respective columns and to get the actual figures in
those cells.

The button “Clear Input Data” will be used to delete all input data of an existing case.

The input data of this worksheet are internally checked and warning/error messages are
displayed if some data are beyond the model capabilities or they don’t observe the model
constraints.
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3.3.4 Worksheet “Demogr-D” (Table 1)

This worksheet is intended for handling the demographic data: population and households,
living areas and labor force. It covers 7 input parameters and 5 derived parameters (see
Figure 3.9). The data contained in this worksheet are required for calculating the values of the
derived parameters in various other worksheets distributed throughout the workbook file
MAED D. Before entering a new set of input data into the white cells of this worksheet, the
existing data corresponding to the Demonstration Case scenario may be erased, either all in
one go using the button “Clear the working area” in worksheet “Defs” or row by row or one
cell at a time, as felt convenient by the user.

Table 1 Demography

Item Unit Z000 2005 2010 2015 2020 2025

Population™® [million] 19.150 21.666 24 275 26,934 29,59 32,104

Pop. gr. rate* | [%p.a.] na™ 2,500 2.300 2100 1,800 1.700]

Urban pop. [F4] 41,500 42.000 43.000 44000 45,000 45,000]
Capita/hh [cap] £.000 5.900 5 700 5.400 5.000 4500}
Households [million] 1.325 1.542 1831 2.195 2.663 3.219]

Rural pop. [%:] 48.500 58.000 A7.000 f6.000 55,000 55.000]
Capita‘hh [cap] 7.000 6.800 6600 6.300 5.900 5.400]
Households | [million] 1.600 1.848 2.097 2.394 2.759 3.279]

Potential If [F4] 432,000 43,200 49,400 49550 49,650 49,700}

Participating If [%:] 40.000 42.000 45,000 49.000 54.000 60.000]

Active If [million] 3.753 4.477 5.396 6.539 7.934 9.600]

Share of lc. pop.|  [%] 22.000 23.000 24.000 25.000 26.000 27.000

Pop. inside lc [million] 4.213 4,983 5.826 6.733 7.694 i.692

*one of the time senes should be entered, the other calculated:

CA*(1+D5100D3-C3) (Population)

{(D4/Cay14D3-C33-17"100 {Population growth rate)

** na - not applicable

Figure 3.9. Snapshot of Table 1 of worksheet "Demogr-D".

If it is desired to enter the input data into the cells of a particular row using a formula
expression, one needs to pay a little extra attention. This aspect may be clarified to some
extent by considering the case of the two parameters: Population (variable name: PO) and
Population growth rate (variable name: POGR) in the table shown in Figure 3.9. Here, as
explained in the footnote of the table, only one of the two time series should be entered
numerically and the other calculated using the relevant formula from the two expressions
listed in cells A18 and A19. Please note that, irrespective of whether the formula expression is
being used in row 4 or row 5, the values of PO and POGR for the first model reference year
cannot be calculated using that expression. The values of both these variables for this year
will have to be given numerically. This will not necessarily be the case each time some
formula expression is used to enter data for some input variable. The purpose of the above
remarks is simply to emphasize that special vigil is necessary whenever data entry in a row is
to be made through the use of a formula rather than numerically.

If the user wants to use the same formula in a particular row as has been used in the
Demonstration Case, there is no need to delete the contents of that row and re-enter the same
formula expression again at the time of entering the input data. If, however, it is desired to use
a different formula expression in that row or to enter the corresponding data numerically, the
contents of that row may be readily deleted along with those of the rows with numerical data
only, before starting the entry of new input data.

34



In Table 1 of the Demonstration Case (Figure 3.9), the input data for POGR has been
provided numerically, while that for PO has been worked out through the use of the formula
expression.

As one progresses entering the input data, one starts getting the values worked out properly
for those derived variables for which all necessary data have been entered. Once the process
of input data entry is complete, all the cells corresponding to the derived variables in the table
will display the properly worked out data for those variables. At this stage the user should
carefully check the values of the derived variables if they look reasonable; if they do not, he
will need to check the corresponding input data and make the necessary
corrections/adjustments. The MAED D program makes some internal checks of input data
and of derived variables and provides some error/warning messages but they are not
exhaustive. Additional checks by the user of the derived variables are necessary.

Much of the general discussion covered above concerning the entry of the input data and
review of the values of the derived variables will equally apply to the other data worksheets of
MAED D.

3.3.5 Worksheet “GDP-D” (Table 2)

This worksheet deals with the formation of Gross Domestic Product (GDP). It consists of a
maximum of 9 tables labeled as Tables 2-1 to 2-9.

The first table, Table 2-1 (see Figure 3.10), is essentially an input table where the new
scenario data are to be inserted for the parameters dealing with GDP (or GDP growth rate)
and the structure of GDP formation. The parameters in rows 8 (GDP/cap) and 14 (share of
Energy sector in the GDP formation) are derived parameters and accordingly, the cells
belonging to these rows are coloured orange and locked. The parameter “Energy”
(representing share of Energy sector in the GDP formation), which appears in row 14, is an
input parameter (as defined by the variable: PYEN in Section 4, Table 4.1) but its value is not
required to be entered into the data worksheet by the user. This parameter represents the
balance of the share of GDP formation after the corresponding shares of all other sectors
(Agriculture, Construction, Mining, Manufacturing and Service) have been taken out. It is
therefore treated as a “remainder” by the program and its values are worked out automatically.
This is why the corresponding row (row 14) is coloured orange and locked.

As in the previous data worksheet, two input parameters of this table, i.e. GDP and GDP
growth rate may also be interlinked through a formula expression. In that case the user has to
provide the input time series for only one of the parameters and the program automatically
calculates the other one.

Tables 2-2 to 2-6 are meant to include the structure of value added formation by subsectors of
the main sectors Agriculture, Construction, Mining, Manufacturing and Service. They will
have a variable number of rows depending of the number of subsectors of the respective main
sector. If the main sector is not split into subsectors, the corresponding table is missing
because the share of the value added for the main sector was already given in Table 2-1. The
same situation of the value added shares calculated as remainder apply also to the final rows
of these tables, if the main sector has at least two subsectors. The user will come across
similar situations in some other data worksheets of MAED D as well.
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Table 2-7 comprises data on various derived variables representing the monetary values for
the value added by subsector and sector, calculated on the basis of the information on the total
GDP and its percentage structure by sectors and subsectors provided in the previous tables.
The final row of this table shows the calculated values of total GDP, which, as a check, must
be identical with the input data entered/calculated in Table 2-1 (row 6). These data, together
with the data in Table 2-1 are used by the program in calculating the values of the derived
variables in several other worksheets of MAED D.

Table 2-8 shows the calculated per capita monetary values for total GDP and for sector value
added by the main sectors Agriculture, Construction, Mining, Manufacturing, Service and
Energy.

The final table of the worksheet (Table 2-9) gives the growth rates for the value added by
sector and subsector as well as for total GDP and GDP per capita. These growth rates are
shown only for the second reference year onward, the first year serving only as reference for
calculating the growth rates for the second year. The Tables 2-7, 2-8 and 2-9 are shown in
Figure 3.11.

3.3.6 Worksheets for industry sector (Tables 3 to 9)

In MAED D seven worksheets, namely “EnInt-D”, “UsEne-D”, “ACMFac-D”, “FIN_ ACM”,
“ManFacl-D”, “ManFac2-D” and “FIN Ind-D”, are used to cover the energy demand
analysis of the Industry sector, which is a composite sector, comprising four major economic
sectors: Agriculture, Construction, Mining and Manufacturing. The term “ACM” has some
times been used in the above worksheets, and will also be used in this Manual to refer to the
combination of Agriculture, Construction and Mining sectors.

(a) Worksheet “EnInt-D” (Table 3)

The worksheet “EnlInt-D” covers Table 3 of MAED Module 1. It comprises three sub-tables,
intended for entering the input data on energy intensities of Agriculture, Construction, Mining
and Manufacturing sectors with respect to motor fuels (Table 3-1), specific uses of electricity
(Table 3-2) and thermal uses (Table 3-3). The energy intensities are expressed in terms of
final energy per monetary unit for motor fuels and specific uses of electricity and in terms of
useful energy per monetary unit for thermal uses. They are entered at subsector level and the
model calculates the weighted average energy intensities at the main sector level. Figure 3.12
shows a snapshot of Table 3-1 of this worksheet.
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GDP formation

Table 2-1 Total GDP and GDP structure b‘_f main economic sactors

tem nit 2000 2005 2010 2015 2020 2025

GDP' [bill US$] 32.84a0 428149 ad.13 67.780 24.063] 103263

GDP gr. rate’ [*:] na 2,000 4.800 4,600 4,400 4,200

GDP/cap Usy 1752.0 1976.3 2220.9 2516.6 2840.8 3207.6

Agriculture [%a] 24 500 23500 21.500 159,400 17.400 15,4800

C onstruction [%2] 2300 2.300 2.300 2.300 2.300 2.200

IMining [%2] 5800 £.300 5.100 4.800 4.300 2.800

Im“nmturiml | 12.000 14.000 15.200 16.100 16,800 16900

Selvice [%:] 445,000 449,000 a0.000 51.800 54,200 57.300

Enerqgy [%e] 5. 700 5.900 5.904) 5,600 5.000 4,300

*One of the time series should be entered, the other calculated:

CE(1+07 0mM(De-Ca (GL0A

DB CEM I (De-Can- 10100 (Z0P growtf rate)

Table 2-2 Distribution of GDP b‘_f subsectors of Agriculmre

ltem Unit 20010 2005 2010 2015 2020 2025
Farming [%] 2300 23.000 803 45.00x) 6 X0 24 000
Livestock [ %] 25000 26.500 28.000 28.50x] 2050 22000
Forestry [%] 13500 15.000 13000 13000 8000 13000
Fishing [%] 4.500 5.500 6.500 7.500 8.500 9.000

Table 2-3 Distribution of GDP h‘_f subsectors of Construction

ltem Unit 2000 2005 2010 2015 200 2025
Buildings [%] 20000 24.000 22.000 23.000 2 00 23000
Infrastructure [%] 0. 000 79.000 78.000 77.000 T6. 000 7H.000

Table 2-4 Distribution of GDP by subsectors of Mining

fitem Unit 2000 2005 2010 2015 2020 2025 |
M etal ares [ %] 25000 23000 25000 25.00x) 220K 235000
Kion-metal ares [%] 0 300 0 200 0 00K £0.00x) 0K S0 000
Others [%] 25,000 25.000 25,000 25.000 25.000 25,000

Table 2-5 Distribution of GDP h‘_f subsectors of Manufncturing

Item UInit 2000 2005 2010 2015 2020 2025
Basic mat. [%] 26,000 24.000 23.000 22.000 21.000 20,000
M achin. &eq. [%] 10.000 13.000 16.000 19.000 21.000 23.000
Man-dur.goods [ %] GO, 000 a3.000 AF.000 54 000 53 000 52.000
Miscellan. [ %] 5.000 5.000 5.000 5.000 5.000 5.000

Table 2-6 Distribution of GDP h‘_f subsectors of Service

ltem Unit 20010 2005 2010 2015 2020 2025
Commer. & taur, [ %] 13000 15,000 16,500 1500 19000 19 500
Public admins. [%] 32300 33.000 3350 3¢.00x) 34510 35000
Finance&huss. [%] £ X0 & S0 700 7O & {00 S0
Fersn. serv. & others [%] 48. 500 45.500 43.0040 40.500 38.400 36.500

Figure 3.10. Snapshot of Tables 2-1 to 2-6 (input data) of worksheet "GDP-D".
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Table 2.7 GDP formation by sector/subsector {absolute values)

tt e Unit 2000 2005 2010 2015 2020 25
i bure ill S%] 5220 10,053 11 638 13,149 14 527 5 005
Farming [bill USH] 4521 5332 5877 6312 6.7 7043
Livesto o [bill US$] 2055 2667 3250 3E7S EE 5.12F
Forestry [bill USH] 1.274 1.500 17496 1.972 Z.194 2401
F iz hing [bill US$] 0.370 0552 0756 0556 1.2493 1.4
Construction bill 5% 0772 0,955 1245 1.559 1.933 2ETE
Buildings [bill US$] 0.154 0207 0274 ] 0463 0568
Infr astructure [bill US$] 0617 n77e 04971 1.200 1 .46 1.704
bl mi g bill U5 1845 2269 2761 3.253 3615 3824
hietal oras [bill US$] 0646 0.794 0966 1.429 1.265 1,373
Hon-metal ores [bill USH] 073e 0.a0s 1.104 1.301 1.4 1.570
Others [bill 15%5] 0451 0567 0E90 e 090 0981
Manuf acturing bill 5% 4362 5,935 5228 10913 14123 17.451
Ba ic mat [bill LS5 1.090 1.438 1892 2401 Z O 3.0
hachin.&eq. [bill US$] 0436 077a 1316 2072 Z O 4014
Han-dur. goods [bill US$] 2617 2477 4/08 5802 7.A%5 0.075
hiscellan. [bill US$] 0z18 0,200 0411 056 0.7 0873
Service S 15.440] 20851 27065 35110 45562 =R
Commer.& tour, [bill LS5 2137 ERES 4 456 &.320 2657 11683
Fublic admins. [bill USH] 5,342 6.924 067 11.927 15.718 .70
Finance&huzs. [bill LS5 0926 1.364 1805 ] 2691 5.325
Fersn. san. & othars [bill US$] 7a7= 0547 11 528 14,720 17 56 21597
Energy EEE] 1812 226 3194 3.796 4 203 4.440
Total GOF bill 5% F3850]  4z818] S4.431 g7.va0] 24083 103263
Table 2-8 GDP formation by sector (per capital:
it e nit 2000 2005 2010 2015 2020 ME5
G0 FPiap S 1751952 1976291 z2zozes| 2516569 2od0.79a| 3207 .55
Agriculture IS 470.230] ded.428] 4vaazrz| age 4] 4od o3| 497 AT
Construction U sE ao0205)  as4ss|  s1287] 578 55.330 0565
heli mi g st ag.358) 04742 112723] dzoves| 1zEas4|  q2meT
tdanufacturing eSS 227766 27eE81| z28840| 405168 4vv.esa| s42077
Service IS ga2.d460] 9e2.383[ 1114834 1203823 1529713 183w aEn
Energy 5% ga.g62] 116601 1z1s562] 1aogee| 14z2040] 137 oss

Table 2-9 GDP formation by sector/subsector (growth rates):

ftem Urit 2000 2005 2010 2015 2020 N
Pgricutture [%4] 41239 2952 Z.dv2 2.153 1818
Farming [%] 3,360 1062 1957 1,287 0.917
Livestock [%] 5390 4092 3.5%7 2.8% 2.5m
Forestry [%] 34498 2082 2472 2.153 1313
Fiz hing [%] 2303 6450 5997 q.74z 200
Construction [%4] 5.000 4 500 4 500 4400 3.2/8
Buildings [%] B6.020 5780 5 524 520 124
Irr astructure [%] 4736 4533 4,330 4127 3.005
bining [%4] 4225 EEEN 3329 FRF] 1555
hetal ores [%] 4255 3097 3.339 2.128 1,655
Non-metal ores [%] 3225 3997 3.339 2128 1 G55
Others [%] 4255 3097 3.330 2.125 1655
FanUf act uring %] 3] 6528 5510 5202 4524
Baic mat [%] 5701 & fiah 4574 4317 3.311
tachin.Zeq. [%] 12300 11055 9.510 7 421 6.2
Naon-dur, goods [%] 5548 5703 5,094 4,000 3.927
hiz cellan. [%] 6.563 6538 5.510 5202 4324
Service [%4] 5.000 5224 5343 5,250 5 368
Commer.& tour. [%] 8090 7290 7 402 6,905 5014
Public admins. [%] 5321 554 ] 5 650 ]
Financedbuss. [%] 6,594 6706 6 .506 .05 7 6
Perzn. zen. & others [%] 2662 4049z 028 4,234 .30
Energy [%4] B.727 4 200 2.514 2060 1,104
Total GOF [%4] 5.000 4200 4500 4400 4200
GD Picap [%4] 2,930 2 494 2.0 2953 245

Figure 3.11. Snapshot of Tables 2-7 to 2-9 (calculated data) of worksheet "GDP-D".



Energy intensities for Industry

Table 3-1 Energy intensities of Motor fuels

Item Unit 2000 [ 2005 | 2010 | 2015 | 2020 | 2025
Agriculture [KAWhOSETT 0.972] 0.872] 0.798] 0.725] 0.668] 0.611
Farring rEEE G B EEE R R KR
Livegtock EanUSE | oooo] ool ool ooool ooool 0000
Forestry kanss | osoo| oqoo] osmo| osoo| ogso] o400
Fishing whisg | osoo| oaso] oqo0] 0.250] ozo0] o0.250]
|[Construction [kwhusi] o580] 0.574] 0.568] 0.562] 0.556] 0.550]
Buildings EahUsSE | osoo] odoo ovool oqdool odool o0
| riftastruct ure anss | o700l orqo0] oroo] o700l orool o700
[Mining [kwhusi] o.210] 0.210] 0.210] 0.210] 0.210] 0.210]
M etal ores EahiUsSE | o200] 0wl osoo] ool oa00] 0900
Moh-mietal ores EahUSEl orool ool osool ool ozool o200
Others anss | ooo] ool osoo] ool aqoo] @00
[Manufacturing [kwWhussIl 0122 0.121] 0120 0.119] 0.119] 0.118]
Basic rat. EARUSE L 0.150] 0.150] o1s0] o450 0450l 0.1s0)
M achin. Geg. karss | 0100] o4oo0] o100l o4oof 0100l o100
Mon-dur. goods Earnss | o120] o0120] o120] o420l o120l o120
Miscelan. kahss | 0.o0s0] o.0s0] oos0] oosol oosol o.osof

Figure 3.12. Snapshot of Table 3-1 of worksheet "Enint-D".

(b) Worksheet “UsEne-D” (Table 4)

This worksheet contains only model-calculated data on the useful energy demand of motor
fuels (Table 4-1), specific uses of electricity (Table 4-2) and thermal uses (Table 4-3) in the
Agriculture, Construction, Mining and Manufacturing sectors. Table 4-4 summarizes the
useful energy demand for the entire aggregated sector of Industry. Figure 3.13 shows a
snapshot of Table 4-1.

It should be mentioned that the energy demand for motor fuels and specific uses of electricity
are, in fact, calculated directly in terms of final energy because no substitution is allowed for
these particular energy uses and sectors. The only energy use for which the energy demand is
calculated in terms of useful energy is that of thermal uses. To convert the useful energy
demand for thermal uses in Agriculture, Construction, Mining and Manufacturing sectors to
final energy, additional information is necessary on the penetrations of various energy carriers
into this market and on the efficiencies of their use. The respective input data will be provided
in the next worksheets.
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Useful energy demand in Industry

Table 4-1 Useful energy demand for Motor fuels

ltem Unit | 2000 2005 2010 2015 2020 2025

Agriculture GWa 0.912 1.001 1.060 1.089 1.115 1115
Farming EVVE 0.774 0.852 0.906 0937 0.960 0,965
Livestock Gy 0.000 0.000 0.000 0.000 0.000 0.000
Faresty EVVE 0.116 0.121 0.120 0113 0113 0.110
Fishing Ehg 0021 0,028 0.035 1.033 0.043 0.041

[Construction GWa 0.051 0.065 0.081 0.100 0.123 0.143|
Buildings G 3 0.002 0.002 0.003 0.004 0.005 0. 006
| nirastruciure eV 0.049 0.062 0.078 0.0586 0117 0,136

[Mining GWa 0.044 0.054 0. (66 0.078 0.087 0,094
M etal ores EhhE 0.022 0.027 0.033 0.035 0.043 0.047
Hon-rmetal ores eV 0.017 0.021 0.025 0.030 0.033 0.036
Dthers EhE 0.005 0.006 0.008 0.004 .00 0.011

IManufacturing GWa 0.061 0.083 0113 0.149 0.191 0. 235
Basic mat. Gy 0.019 0.025 0.032 0.041 0.051 0.060
M achin &ed. EVVE 0.005 0.009 0.015 0024 0.034 0.046
Mon-dur. goods G 0.036 0.042 0.063 0.0%1 0.103 0.124
Miscellan. EVVE 0.001 0.002 0.002 0.003 0.004 0,005

Total GWa 1.068 1.203 1.320 1.415 1.516 1.587

Figure 3.13. Snapshot of Table 4-1 of worksheet "UsEne-D".
(c) Worksheet “ACMFac-D” (Table 5)

Tables 5-1 to 5-3 are meant for entering the input data on penetration of different energy
carriers (traditional fuels, modern biomass, electricity, soft solar and fossil fuels) into the
useful thermal energy markets of Agriculture, Construction and Mining sectors (see
Figure 3.14). Table 5-4 provides the model-calculated values of the weighted average
penetration of the above five energy carriers into the combined useful thermal energy market
of ACM. (For the details of these and all other calculations performed by MAED D, the user
should refer to Section 5 of this manual). The weighted average penetration have only an
informative role because when converting useful to final thermal energy demand the sector
specific penetrations from Tables 5-1 to 5-3 are used.

The next three tables are used to indicate the average efficiency of traditional fuels
(Table 5-5), modern biomass (Table 5-6) and fossil fuels (Table 5-7) when used for thermal
uses in Agriculture, Construction and Mining sectors (see Figure 3.15). It should be
mentioned that all the efficiencies in MAED D model are expressed in relative terms versus
the efficiency of electricity for the same end-use.
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Penetration of energy carriers into us eful thermal energy for Agriculture, Construction and Mining

Table 5-1 Penetration of energy cammiers into useful themmal energy for Agriculture

[Bgricufture nit] 2000 2005 2010 2015 2020 2025
Tradtional fuels [a] 12.00 1100 10000 9.00 .00 700
Modern biomass__| [Pl .00 4 A 700 9.40 12.00 15 00
Electricity P4 1.00 I 00 350 5 .00 i 50 & 00
Solar [a 0.00 100 200 2.00 4,00 500
Fos sil fuels [t 25,0 21 A0 FYAD 7250 £0.50 65 0

Table 5-2 Penetration of energy camiers into useful themmal energy for Construction

Construction Linit 2000 200:5 20110 2015 2020 225

Tradtional fuels [4] 5.00 4 50 400 2.40 3.00 200
Modern biomass [Ba] 1.00 150 200 2.00 4.00 00
Electricity [t .00 0o ooo 0.0oo 0.00 000
Solar [ .00 0 oo ooo 0.0o0 0.00 ono
Fio= sil fuels [ a4.00 a4 .00 2400 9250 9z.00 9300

Table 5-3 Penetration of energy cammiers into useful themmal energy for Minin

Miring Dnit] 2000 2005 2010 2015 2020 2025
Tr=dtional fuels [l &.00 4 &0 400 380 3.00 200
Modern biornass | [] 1.00 150 200 2.00 4.00 500
Electricity [4] 000 [ [T 0,00 000 000
Solar [l 000 [ [T 000 000 000
Fooe =il fuels [4] 9400 94 00 9400 93 50 93 00 9300

Figure 3.14. Snapshot of Tables 5-1 to 5-3 (penetrations) of worksheet "ACMFac-D".

Table 5-5 Average efficiency of traditional fuels in thermal uses in Agriculture, Construction and Mining

itern Lmit 2000 005 2010 2015 2020 25

Agricutt ure [3a] 25,00 270 20.00 =1.00 ==2.00 25.00
Construgtion [3a] 20,00 200 200 28,00 =2.00 40.00
[rdininig [34] 20,00 3200 200 2600 Z2.00 30.00

Table 5-6 Average efficiency of modern biomass in themal uses in Agriculture, Construction and Mining

iterin Unit]  Z0oo 2005 2010 2015 220 2025
Agricult ure Bl 0.0 2200 24,00 3200 .m0 40.00

Construction [3a] 2200 A0 200 26.00 =00 40,00

Mining [ 2200 32.50 2400 26.00 500 40.00

Table 5-7 Average efficiency of fossil fuels in thermal uses in Agricutture, Construction and Mining
item Unit] =000 005 010 15 0 M5

Agricult ure [%a] 40,00 42 00 100 G600 45,00 50,00

Construction [ 000 g2 00 100 600 42 00 5000

himing [ 40,00 4200 44,00 46,00 4200 &0.00

Figure 3.15. Snapshot of Tables 5-5 to 5-7 (efficiencies) of worksheet "ACMFac-D".

(d) Worksheet “FIN_ACM-D” (Table 6)

This worksheet contains only model-calculated data on the final energy demand for different
energy carriers (traditional fuels, modern biomass, electricity, soft solar, fossil fuels and
motor fuels) in Agriculture (Tables 6-1 to 6-3), Construction (Tables 6-4 to 6-6), Mining
(Tables 6-7 to 6-9) and aggregated ACM (Tables 6-10 to 6-12). For each sector the final
energy demand for each energy carrier is expressed in absolute terms (default unit: GWa), as
share of total final energy demand of the sector (%) and as energy intensity (kWh/MU).
Figure 3.16 shows the content of Tables 6-1 to 6-3 relating to the final energy demand in
Agriculture sector.
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Table 6-1 Total final enerqy demand in Agriculture (absolute)

Final energy demand in Agriculture, Construction and Mining

ltem Unit 2000 2005 2010 201% 2020 20245
Traditional fusls GWa 0.0s7 0.038 0.0sy 0.034 0.020 0.026
[Modern bionass GWa 0,005 0.3 0022 0,029 0.039 0.043
}Elﬂﬂﬁcw GWa 0187 0.300 0.504 0.734 0.882 1.248
Solar GWa 0.000 0.001 0.002 0.003 0.005 0.007
Fossil fuels GWa 0165 0182 0.186 0.186 0.180 017
Iotor fuels GWa 0912 1.001 1060 1.089 1.115 1.115
Total AGR GWa 1.287 1.536 1.811 2075 2.352 2.618
Table 6-2 Total final energy demand in Agriculture (shares)

tem Unit 2000 2005 2010 2015 2020 2025
Traditional fuels [*] 2.904 2487 2016 1.628 1.283 1.008
|Modern bicmass [*2] 0.403 0.853 1.204 1.402 1.672 1.8%0
E lectricity [*:] 13.013 19.543 21834 35.378 N.743 47.687
Solar [*] 0.000 0.061 0.117 0.168 0.212 0.252
[Fossil fuels [*] 12,358 11.346 10,299 8.959 1.665 6.551
Motor fuels [*:] T0.522 65,203 28534 32465 47424 42,612
Table 6-3 Total final energy demand per value added in Agriculture

tem Unit 2000 2005 2010 2015 2020 2025
|Trﬂ{iti1:rml fuels [KWhU5}] 0.040 0.033 0027 0.0:23 0018 0014
Maodern bicnass [EWhUSE] 0.006 0.011 0.016 0.019 0.024 0.027
I@I‘i{:iﬁ’ KW hUSS] 0174 0.261 0374 0.483 0.585 0583
Solar [KWh5%] 0.000 0.001 0.002 0.002 0.003 0.004
I@ fuels EWhUS$ 0176 0.158 0.140 0124 0.108 0.094
Motor fuels [EWhUS5%] 0972 0572 0.7598 0.725 0668 0611
ITotal AGR [KWhA5%] 1.312 1.337 1.363 1.382 1.40% 1.433

Figure 3.16. Snapshot of Tables 6-1 to 6-3 (Agriculture) of worksheet "FIN-ACM".

(¢) Worksheet “ManFacl-D” (Table 7)

This worksheet contains both input data fields and model-calculated data. The input data
required to be entered refer to the shares of different thermal processes (steam generation,
furnace/direct heat, space & water heating) in useful thermal energy demand of each sub

sector of Manufacturing sector (Figure 3.17).

The model calculates the useful energy demand for steam generation, furnace/direct heat and
space & water heating for the Manufacturing subsectors and for the entire sector, which is
shown in the next sub-tables of the worksheet (Figure 3.18). The number of these sub-tables
depends on the number of subsectors of Manufacturing sector.

(f) Worksheet “ManFac2-D” (Table 8)

In Table 8-1 of this worksheet the user enters the penetrations of different energy carriers
(electricity, heat pumps, district heat, cogeneration, soft solar, traditional fuels, and modern
biomass) into their respective applicable heat markets (steam generation, furnace/direct heat,
space & water heating) associated with the useful thermal energy demand of the
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Manufacturing sector. Given their nature, some energy carriers (heat pumps, district heat,
cogeneration, soft solar) are not applicable for the furnace/direct heat market. The model puts
the same penetration data in a systematic format (Table 8-5) and the aggregated penetrations
of each energy form into the useful thermal energy demand of the entire Manufacturing sector
are calculated (Table 8-3).

Table 8-2 contains input data related to the efficiencies of different energy carriers when used
for thermal uses in Manufacturing sector and other factors: coefficient of performance (COP)
of heat pumps, solar share, heat to electricity ratio of cogeneration systems and biomass share
in cogeneration systems (see Section 4, Table 4.1 for the definition of these variables). The
last three rows of this table show the calculated values of the average efficiencies of the three
types of fuels (fossil fuels, traditional fuels and modern biomass) used for providing useful
thermal energy to Manufacturing industries (see Figure 3.19).

Table 8-4 includes coefficients of equations used for projecting the quantities of steel
production and feedstock requirements for the petrochemical industry, shown in the last two
rows of the table, and some parameters used to derive the coke demand for non-electric steel
production (see Figure 3.20).

Factors for Manufacturing

Shares of useful thermal energy demand in Manufacturing

Table 7-1

Basic mat. Unit 2000 2005 2010 2015 2020 2025
Steam generaion [%4] 15.000 15,000 15.000 15.000 15.000 15.000
Furn=cefdirect hest [3d] £0.000 20,000 20,000 £20.000 20,000 20,000
Spaced water heating [%] 5.000 5000 5000 5,000 5.000 5.000
Table 7-2

Machin. feg. Uit 2000 2005 2010 2015 2020 2025
Steam generation [%] 15.000 15,000 15.000 15.000 15.000 15,000
Furnaceddiredt heat (%] 70.000 70,000 70,000 70.000 70,000 70,000
Spacedwater hesting (%] 15.000 15000 15 000 15.000 15000 15,000
Table 7-3

Mon-dur. goods Unit 2000 2005 2010 2015 2020 2025
Steam generdtion [%4] 70.000 70,000 70.000 70.000 70,000 70,000
Furnaceidirect hest [%] 15.000 15000 15.000 15.000 15.000 15,000
Spacedwater heating [%4] 15.000 15,000 15.000 15.000 15.000 15,000
Table 74

Miscellan. Unit 2000 2005 2010 2015 2020 2025
Stesm generdion [%4] 20.000 20000 20.000 20,000 20,000 20,000
Furnaceidiredt hest [%] £0.000 60,000 0000 £0.000 0000 60,000
Spacedwater hesting [%4] 20.000 20,000 20.000 20,000 20,000 20,000

Figure 3.17. Snapshot of input data tables of worksheet "ManFacl-D".
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Useful thermal energy demand in Manufacturing
Tahle 7-5
Basic mat. Unit 2000 2005 2010 2015 2020 2025
Steam generaion GWa 0075 0094 0117 0.140 0163 0179
[Fumacedirect heat GWa 0.398 0499 0622 0.745 08eT 0956
Spaced water heating GWa 0025 003 0.039 004y 0054 0.0s00
Total GWa 0.493 0624 0773 0.93?2 1083 1.195
Table 7-6
Machin.deq. Unit 2000 2005 2010 2015 200 2025
Steam geneaation GWa 0.002 0003 0.005 0.007 0010 0mz
[Fumace/direct heat GWa 0,008 o014 0.022 0,033 0045 0,058
Spacelwater heating | GWa 0.002 0003 0.005 0.007 0010 0012
Total GWa 0.012 0020 0.032 0.047 0064 0.082
Table 7-7
Hon-dur. goods Unit 2000 2005 2010 2015 2020 2025
Steam gena aion GWa 0418 0472 0515 0.565 0593 0.653]
Fumace/direct heat GWa 0.090 0101 0.110 014 0125 01 4III|
Spacelwater heating GWa 0,090 01 0.110 0121 0125 0140
Total GWa 0.597 0675 0.736 0807 0.854 0.932
Tahle 7-8
Miscellan. Unit 2000 2005 2010 2015 200 2025
Steam generaion GWa 0001 00 0.00 0002 000z 0,002
|Fumace/direct heat GWa 0002 0003 0.004 0.005 0005 0,007
Spaced water heating GWa 0001 00 0.00 0002 000z 0,002
Total GWa 0.004 0005 0.007 0.008 D010 0011
Table 7-9
Total MAH Unit 2000 2005 2010 2015 200 2025
Steam geneaation GWa 0.435 0570 0633 0714 0772 0.546
|Fumace/direct heat GWa 0.489 0517 [0.755 0.905 1046 1.1600
Spacelwater heating GWa 0A17 0136 0.155 0176 0194 0.214
Total MAH GWa 1.111 1324 1.552 1.7%4 2012 221

Figure 3.18. Snapshot of calculated data of worksheet.



Table 8-1 Penetration of energy carriers into useful thermal energy demand in Manufacturing
Energy carriers Unit 2000 2005 2010 2015 2020 2025
Bectricity, steam gen. [%a] 2.000 2.000 200 2.000 Z2.000 2000
Bectricity, furn.idir. heat [l 7000 £.000 9000 10000 12.000 14.000
Bectricity, sp fwhesting [l 2.000 3.000 4000 £.000 £.000 10,000
0f which:

Hezt pumps, steam gen. [Ba] 0.000 0.000 0.0 0000 0.000 0.000

Hest pumps sp fwhesting [ 20.000 20.000 40.000 50.000 £5.000 £0.000
District hest, steam gen. [ 10.000 14.000 12.000 13000 145010 16.000
District hiezt, =p A heating [ 12.000 132,000 14,000 15,000 16,000 17.000
Cogeneration, steam gen. [B] 1<4.000 15.000 16.000 17.000 18.000 19.000
Cogeneration  =p fwhesting [ 9.000 10,000 11,000 12000 13,0010 14,000
Sol=r stemm gen. [ 0.000 0.000 0.000 0.000 0.000 0.000
Sal=r ,=p fwhesting ] 1.000 Z.000 2.000 4.000 &.000 000
Trad. F., steam gen. [%a] 5.000 4500 4.000 3.500 3.000 2,000
Trad. F., furn.idir. hest [a] 2.000 2600 2200 1.500 1.400 1.000
Trad. F., sp.fwhesting [ 5.000 4500 4.000 2.600 2.000 Z.000
bod. Bio . steam gen. [ 2.000 3.000 4000 f.000 £.000 10,000
Mod. Bio. furn Jdir. hest 4] 2.000 2.000 4.000 £.000 £.000 10,000
kod. Bio., sp A hesting [ 2.0 3000 4000 .000 &.000 10,000
Table -2 Efficiencies, ratios etc.
Factars Unit 2000 2005 2010 2015 2020 2025
COF of heat pumps [raio] 2.500 3.000 2500 4.000 4.500 5,000
Solar share [i] 40.000 40.000 40.000 40.000 40.000 40,000
Hf. of cogenergtion ] 70.000 72000 74000 FE.000 72000 20,000
Hest/elect ricit y ratio [ratio] 2.000 2.000 3.000 2.000 2.000 3.000
Biom=s=s sharein Co Gen [Bd] 4.000 .00 £.000 10,000 12 500 15,000
Bf. of Fossil F. stearm gen. 4] 70.000 71.000 72.000 72.000 74.000 75.000
Bf. of Fossil F. furn./dir. hest [ f0.000 f1.000 fiz.000 f3.000 £4.000 f5.000
Bf. of Fossil F., sp.fwrheating [ 0000 £1.000 fiz.000 £3.000 £4.000 5,000
Hf. of Trad. F., steam gen. ] 20.000 2,000 4000 5.000 Z2.000 40,000
Bf. of Trad. F. furn.idir. hest [ 20,000 32000 24.000 26.000 22.000 40,000
Bf. of Trad. F. =p Awhesting [Bd] 25.000 27.000 20.000 21.000 22.000 25,000
Bf. of Mod. Bio. stesm gen. 4] 40.000 42.000 44.000 46.000 42.000 S0.000
Bf. of hod. Eio., furn.dir. hest [ 40.000 4z .000 44.000 g6.000 42.000 50,000
Hf. of Mod. Bio., sp.ferhesting ] 35.000 37.000 3.000 44.000 43,000 45.000
Bf. of Fossil F. sverage [ £3.525 .36 £5.154 £5.996 5 237 67732
Bf. of Trad. F., average [ 25.243 21.257 33264 25260 27247 29268
Bf. of Mod. Bio., average [ 29.407 41.423 43.442 45 455 47 465 49.470

Figure 3.19. Snapshot of Tables 8-1 and 8-2 of worksheet "ManFac2-D".

Table 84 Factors for pig iron production and feedstock:
Factars Uit 2000 2005 2010 2015 2020 2025
Steel production [const] [htt] - 1,360 - 1460 - 1,450 -1.960 -1.460 -1.4460
Steel production [var] [t v abdan 1]] 1.910 1910 1.910 1.910 1.010 1.910
Steslin non-elecfurn. [4] 100.000 Q0,000 £0.000 70.000 £0.000 &0.000
Spec. cons. of pig iron [] £0.000 20,000 §0.000 £0.000 £0.000 80.000
Coke usage [kgAan] 750.000  s40000] 520000 S200m0|  S40.000[  S00.000
Feadstock prod. [const | [t 0.010 0010 0.010 0.010 0.010 0.010
Feedstock prod. [var) [t S Aakdmn( 1]] 0600 ugs]uu) 0600 0600 0600 0500
Steel production [htt] 0.E23 1288 21558 2128 4,205 5.208
Feadstock production [ht] 0.EE4 0273 1.145 1.440 1,724 Z.104

Figure 3.20 Snapshot of Tables 8-4 of worksheet "ManFac2-D"
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(g) Worksheet “FIN_Ind-D” (Table 9)

This worksheet includes only model-calculated data on the final energy demand for different
energy carriers (traditional fuels, modern biomass, electricity, district heat, soft solar, fossil
fuels, motor fuels, coke and feedstock) in Manufacturing (Tables 9-1 to 9-3) as shown in
Figure 3.21 and in the entire aggregated sector of Industry (Tables 9-4 to 9-6) as illustrated in
Figure 3.22. For each sector the final energy demand for each energy carrier is expressed in
absolute terms (default unit: GWa), as share of total final energy demand of the sector (%)

and as energy intensity (kWh/MU).

Final energy demand in Manufacturing

Table 9-1 Total final energy demand in Manufacturing {absolute)

fem Linit 2000 2005 2010 2015 2020 2025
[Traditional fuels G 0.1 56 0143 0.146 0135 0117 0.054
IM-){Iem hiomass GWWa N.EES 1.1487 1.861 2736 3.848 5214
[Electricity G 0.380 0.519 0.711 0.944 1.234 1.492
[District heat G 0.064 0.020 0.098 0118 0.143 0172
[Solar ERTE 0.000 0.001 0.002 0.002 0.004 0.005
[Fossil fuels Ghyg 1.488 1.711 1.940 2133 2.250 2,333
Fﬂotor fuels Ghyg 0.061 0.083 0113 0.149 0191 0.235
Coke Ghyg 0347 0.465 0.679 0.846 0.957 0.962
Feedstock ERTE 0882 1.1449 1.521 1.926 2376 2.794
Total MAN GWa 4.043 5.370 7.070 8990 11119 13300
Table 9-2 Total final energy demand in Manufacturing {shares)

ftem Linit 2000 2005 2010 2015 2020 2025
[Traditional fuels [%] 3855 2.850 2059 1.49% 1.053 0.628
IM-){Iem hiomass [%] 16.454 22295 26,323 30437 Mo 39243
|_E lectricity [%4] 9.407 0.667 10.057( 10493] 11.098 11.220)
District heat [26] 1.573 1.498 1.3 1.326 1.286 1.292
[Solar [26] 0.012 0.020 0.026 0.031 0.035 0.039
[Fossil fuels [26] J6THG|  31.871] 27.433] 23731 H.236) 17.532
[Motor fuels [%4] 1.502 1.543 1.597 1.653 1.720 1. 766
[Coke (%] 8.587 8.666 9,606 9408 8.603 7.276
Feedstock [%] 21812 21.580 21.508[ 21419 21.366] 21.004
Table 9-3 Total final energy demand per value added in Manufacturing

ltem Linit 2000 2005 2010 2015 2020 2025
[Traditional fuels [k h LIS 5] 0313 0.234 0155 0108 0.073 0042
[Modem biomass [k h LIS 5] 1.336 1.749 1.981 21497 2,387 2620
Electricity [k hr LIS 5] 0764 0.759 0747 0758 0.765 0744
District heat [k IS §] 0128 0.118 0105 0.096 0.0289 0.086
|50Iﬂr [k LIS §] 0.0 0.002 0002 0.00: 0.002 0.003
Fossil fuels [ IS §] 2988 2.501 2.065 1.712 1.396 1.170
[Motor fuels [k hILISE) 0124 0121 0120 0118 0.114 0118
[Coke [ H LIS §] 0647 0.620 0723 0.67Y 0.593 0486
[Feedstock [k RIS E 1.771 1.694 1.619 1.546 1.474 1.402
[Total MAN [KWWh US §] 82.120 7.847 7.528 7.217 G.897 6676

Figure 3.21. Snapshot of Tables 9-1 to 9-3 of worksheet "FIN Ind-D".
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Final energy demand in Industry

Table 9-4 Total final energy demand in Industry {absolute)

tem Lnit 2000 2005 2010 2015 2020 2025
|Traditional fuels Gia 0197 0195 0.1av 0173 0.151 0113
|I'u'|0{lem hiomass L] 0671 1.212 1.885 2769 2.893 5. 276

Electricity Ga 04571 0.847 1.249 1.7149 2261 27591

District heat e 0. kg 0080 0058 0114 0143 0172
|Sular e (.00 0. 002 0004 (0.0 0F [.009 0.2

Fossil fuels e 1.710 1.9k 2 20 2411 2532 2613

Motor fuels e 1. 0Fk8 1,203 1,320 1.415 1.51F 1.587

Coke e 0347 0. 45 0.h7 4 0846 0957 0 963

Feedstock Gha 0882 1.1449 1521 1.92F 237k 2. 754

Total IND G\Wa 5510 7.12% o149 11384 13837 16.324

Table 9-5 Total final energy demand in Industry (shares)

ltem Linit 2000 2005 2010 2015 2020 2025

[Traditional fuels [%] 3581 2.743 2039 1.516 1.0M 0.692
[Modem biomass [%] 12181 17.004] 20,605 24.326) 28.131] 32321
[Electiicity [%] 1035  11.892] 13.656) 15097 16.343] 17.095
|District heat [%] 113 1.128 1.07% 1.047 1.033 1.053
[Solar [%] 0.00% 0.023 0.044 0.055 0.064 0.072
[Fossil fuels [%] 31038 27521 24.112] 21.180) 18297 16.005
[Motor fuels [%] 19377  16.884) 14.424) 12432 10.956 9.722
[Coke [%] 6.301 6.531 1.424 7.430 6.913 5.928
Feedstock [%] 16.004| 16.269) 16.622) 16916 17.169] 17.113

Table 96 Total final energy demand per value added in Industry

item Linit 2000 2005 2010 2015 2020 2025

|Tra{Iiti0|m_I fuels [k LIS 8] 0114 0.084 0.068 0.052 0.039 0.025
Modem biomass [k LIS 8 03587 0.550 0.692 0.340 0.994 1. 166
|_Electridtv [k LIS ] 0329 0.384 0458 0.521 0.578 0616
District heat [k LIS 3 0.037 0.036 0.036 0.0 35 0.03¥ 0.033
[Solar [k LIS ] 0.000 0.001 0.007 0.0oz2 0.00z2 0.003
[Fossil fuels [k LIS 3 0.955 0.3490 0.810 0.7 3 0647 0.577
[Motor fuels [k LIS ] 0615 0.546 0.484 0.429 0.387 0.351
[Coke [k LIS 3 0.200 0.211 0.249 0.257 0.244 0.214
[Feedstock [k LIS ] 0.508 0.526 0.558 0.584 0.607 0617
[Total IND [ US §] 3176 3.233 3357 3454 3.5H 3.606

Figure 3.22. Snapshot of Tables 9-4 to 9-6- of worksheet "FIN Ind-D".

3.3.7 Worksheets for transportation Sector (Tables 10 to 13)

The energy demand analysis of the Transportation sector is covered by four worksheets:
“FrTrp-D”, meant for entering the input data related to freight transportation and also for
showing the results of the model-based calculations for this transportation subsector;
“PassIntra-D”, serving the same purpose but for the intracity (urban) passenger transportation
subsector; “PassInter-D” for intercity passenger transportation subsector; and “FIN_Trp-D”,
which summarizes the overall energy demand analysis results for the entire Transportation
sector.
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(a) Worksheet “FrTrp-D” (Table 10)

As illustrated in Figure 3.23, the input data requirements of this worksheet include
coefficients of various terms of the formula adopted for calculating total freight transport
activity (Table 10-1); modal split of freight transportation (Table 10-3); and energy intensities

(in natural units) of the respective modes of freight transportation (Table 10-4).
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Freight transportation
Table 10-1 Generation of freight-kilometers
fte Unit 2000 2005 2010 2015 2020 2025
Far minn [t krndLISH] 0E1& 0,816 0E1& e 0.8 1 0E1&
Livestock [tkrnsU 5] 0.000 0.000 0,000 2000 .00 0.000
Forestry [tkmiUSE] 086 0.8 oEE a8 0875 BaiE
Fishing [tkrn/L =] e 0.516 0E1e Qe 0.5 16 QEE
Euildings [tkrnsLS8] 0000 0.000 0000 Q000 .00 0000
Infrast nucture [tkrn/USE] 0,000 0000 0,000 0000 0.000 0,000
et ores [tkmiUSE] (k=] R= )] 2800 0LE00 Q.20 [af= i)
Non-mets ores [tkrndUSH] 0.800 0,800 0.800 0800 0.200 0,800
Cthers [tkrn/USE] 0,800 0,800 0,800 0,800 0.500 0,800
Easic mat. [tkrnsUSH] 1500 1500 1500 1,500 1500 1500
hachin.deg. [tkrnsUSE] 200 .50 &.500 QS0 D500 0,500
Hon-dur. goods [tkrniLISE] Q800 @, 500 Q800 0200 Q800 Q800
bzl lan. [t krnsL 5] 1.000 1,000 1.000 1.000 1.000 1.000
Carnmer. & tour. [tkrdUSE) (E]i] i 5 Q500 Qa0 Q.50 Q500
Fublic admins. [tkrnsUSH] 0,500 0,500 0,500 0500 0.500 0,500
Finance dbuss. [t krnsLISH] 0600 .00 0000 Q000 .00 0600
Persn. serv. & others [tkrdUSE) (L.000 2.0 2L E00 (L0080 (2,000 (L0
Energy [tkrdUSE) 0400 2400 2L 00 (L4060 041K 2 00
Base value [10%3 tkm] gaemo|  qasm|  gago0]  gaso0]  qaem]  qas0
Table 10-2 Totd freight-Kilometers
fte Unit 2000 2005 2010 2015 2020 2025
[Freight -k [10°3 tkm] gseavy| e32me| egamal  wase]  g1asz]  ma0ss
Table 10-3 Modal split of freight transp ortation
fte Unit 2000 2005 2010 2015 2020 2025
Laca trucks il zo000]  zom|  zemo[ 23000l 24000 25000
Long dist.trucks Pl 2e000] ool zzmoo] ool 2io00] 20000
T min diess [l 30.000|  2e000( 260000 240000  22000] 20000
T rmin eledric [ 10000  42000) 440000  46000) 15000 20000
Tr=in steam [*4] 5,000 4000 2,000 2000 1,000 0000
[Earge Pl 3.000 3200 2,400 3500 3800 400
Fipdine [dizs=l] Pl 000 400 200 & 200 5,600 & 00
Fipaline (= ectric) Pl 2.000 3400 2,200 4200 i EO0 5000}
Table 10-4 Energy intensity of frei ght transportation (natural units)
ftem Unit 2000 2005 2010 2015 2020 2025
Loca trucks [1#40k kri] 11600 ME00]  1a00] a0 140l 44000
Long dist trucks [1#400k ki) 9.250 9250 9,200 9.100 2.000 2000
Train diesd [1#100¢ k] 2.310 2300 2.290 2 260 2.270 2 26
Train eledric [kt b Ok ko] 5800 G A00 5.400 5300 5200 G400
Train steam [kgoei100tk m] 12450]  134s0] 134800 13480 13980 13080
[Earge [1#400k k] 2.0 2300 2,290 2280 2270 2 250
Fipsline [dies=l] [1#400k k] 0.800 0200 0.500 0200 0,500 0200
Fipdine (& ectric] [k b 00k krn] £.050 & A0 £.0650 i 50 £.0650 £ 150

Figure 3.23. Snapshot of input data tables of worksheet "FrTrp-D".



The freight transportation modes are those specified by the user in worksheet “Defs”. The
model-based calculated data stored in this worksheet comprise total freight transportation
activity, expressed in 10° ton-kilometers (Table 10-2); energy intensities of freight
transportation modes expressed in a common energy unit - kKkWh/100t-km (Table 10-5); and
energy consumption of freight transportation sub sector by mode of transportation
(Table 10-6) as well as by fuel type (Table 10-7) and by fuel group type: electricity, steam
coal and motor fuels (Table 10-8). The size of Table 10 depends on the number of subsectors
selected by the user for Agriculture, Construction, Mining, Manufacturing and Service
sectors, on the number of freight transportation modes and on the number of fuels used by
these transportation modes. Figure 3.24 shows a snapshot of calculated data tables of this
worksheet.

Table 10-5 Energy intensity of freight transportation {energy units)

=157} Limit 2000 2005 2010 2015 2020 2025

Locd trucks [ O k] 55 545 14453 142452 112.450) 111143
Long dist. trucks [l Ok k) 92624 2B 92124 1122 30.121 23120
T rmin diesH [EwhM 00k k) 23.13 23031 22.331 22831 22.730 22530
Train eledric [l Ok k] E.500 &S00 E.400 B 200 E.200 E.100
T rain steam [ Ok k] A07.05) 07054 07054 07054  107.054) 107054
Barge [ O k] 23,031 22021 22321 22231 22,730 2530
Fipdine [dieseal] [l Ok k) 2.011 2011 £.011 2011 5.011 2011
Pipdine [=lectric] [Kwv'h Ok krn) E.050 5050 E.050 5050 E.050 5050

Table 10-6 Energy consumption of freight transportation (by mode)

=Thp} Limit 2000 2005 2010 2015 2020 2025

Loca trucks (ERUE] 1.551 1742 .06 2214 2804 2825
Long dist . trucks Gi's 1.5950 1607 1.E56 1705 1.760 1513
Train diesd Ghiis 0967 0 4e5 0956 0466 0,965 0460
T rain elacric Gis 0.0 0055 0.070 005 0104 0124
T rain steam Gz 0,250 0210 0.251 0122 0,100 Q00
|Barge Gi's 0.0 o053 0051 ooyo 0.020 oo
Pipdine [diesel] Giwa 0.0 0025 0.030 0035 0.02 009
Fipaine (& ectric] Giis 0.012 o015 0.012 ooz 026 0021
T ot GWa 4.061 4 231 4516 4 730 5.030 5335

Table 10-7 Energy consumption of frelght transportation (hy fuel)

ke Unit 2000 A5 2010 A5 2020 2025

Electricity Gi's 0.055 007 0.038 007 0.130 0155
Steam cod 5ia 0,250 0210 0.251 0152 0,100 0000
Diess Gi's 3595 c3=u ] g 7T o 251 5240
T otal [ERUY 4.051 4281 4516 4780 5.020 5395

Tahle 10-8 Energy consumption of frelght transportation (hy fuel group)

ftem Uit 2000 2005 2010 2015 2020 2025

Electricit w 5is 0,055 an7 0.022 007 0120 0155
Stean cod (ELUE] 0.350 02410 0.251 0482 0400 njujuy}
Motor fuss (£ 3.5696 2 a00 4ATT 400 851 5240
T otal Gha 4061 4 281 4 516 4 780 5.080 53585

Figure 3.24. Snapshot of calculated data tables of worksheet "FrTrp-D".
(b) Worksheet “PassIntra-D” (Table 11)

The input data required to be entered into this worksheet covers the intracity (urban)
passenger travel. The first input data is the intracity distance traveled per urban person per day
(Table 11-1), which, together with the population living in large cities from “Demogr-D”
worksheet, is used for deriving the urban travel activity, expressed in 10° passenger-
kilometers (Table 11-4). The other input data include load factors (Table 11-2) of the urban
passenger transportation modes selected by the user in worksheet “Defs”, modal split of the
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urban travel activity (Table 11-3) and the energy intensities (in natural units) of various
transportation modes of urban travel (Table 11-5). The corresponding data calculated by the
model for intracity travel and stored in this worksheet, include the travel activity levels (10
passenger-km) by different modes of transportation (Table 11-4); energy intensities of these
modes expressed in kWh/p-km (Table 11-6); and energy consumption of intracity passenger
transportation subsector by mode (Table 11-7), by fuel type (Table 11-8) and by fuel group
type: electricity and motor fuels (Table 11-9). The size of Table 11 depends on the number of
intracity passenger transportation modes selected by the user in worksheet “Defs” and on the
number of fuels used by these transportation modes. Figure 3.25 shows a snapshot of input
data tables of this worksheet while the calculated data are presented in Figure 3.26.

Intracity passenger transportation

Table 11-1 Distance travelled

tem Unit 2000 2005 2010 2015 2020 2025
Di=t. irtracity kmiprsniday 3300 A A0 . 000 o 50 5000 & 000
Table 11-2 Loadfactors

lte Lnit 2000 2005 2010 2015 200 2025
Car gasaline [prandCar gasoline 2000 2000 2000 2000 2000 2000
Car diesd [erenfCar diesal] 2.000 2.000 2000 2.000 2,000 2000
Car alcohol [preniC = alcohol] 2000 2000 2000 2000 2000 2000
Car LFG [pren/Car LPIG] 2.000 2.000 2000 2.000 2.000 2000
Carelednc [preniCar electric] 2.000 2.000 2000 2.000 2.000 2000
Bus diezsl [pren/Bus diesal] 50,000 G0.000 55 000 S0.000 45.000 0000
Bus CNG [prsniBus CHIG] 50.000 52000 55 000 S0.000 45,000 0000
Matro &, [praniiistro el ] SO0.000f da0000] 460000 490000  <S20.000{ 400000
T ey & . [ersndTram ey el.] 100,000 95,000 =eyulun] ==2.000 24.000 20000
Trollevbus & . [prendTrolleybus & ] E0.0C0 53.000 55 Q00 S0.000 45 000 0 Q100

Table 11-3 Modal split of intracity passenger transportation
tamn Unit 2000 2005 2010 2015 200 2025

Car gasoline [%4d 5,000 5500 J 000 2.000 0,000 10.000
Car die==l i | 1.000 1.800 2000 2000 4000 .00
Car alcohol i 0.000 0.000) 1.000 2000 2.000 5000
Car LFG i 1.000 2.000 2000 4000 5,000 G000
Car electnc [ 0.000 0.000 0000 1.000 2,000 4000
Bus dieszl i 75,000 75,000 F0000 E0.000 S0.000) 40,000
Bus CHG [ 1.000 2000 2000 4000 5.000 5000
Matro o, [Ed 0.000 0.000 0000 2,000 G000 10000
Trammway = . [%d 0.000 0,000 2000 5.000 7000 10000
Trolleybus . [%d 16.000 13.000 11000 10,000 9.000 5000

Table 11-3 Energy intensity of intracity passenger transportation (natural units)

tem Unit 2000 2005 2040 2015 200 2025
Car ga=oline [0 k] 11.000 10,200 10 200 10,700 10,600 10 500
Car diesd 1100 k] 10,000 9.900 9800 9700 9,600 9500
Car alcohol [/ 100krn] 16,000 15.900 15 200 15,700 15,600 15 A0
Car LP5 [ 100 krn] 11000 12,200 12 200 12,700 13,600 12500
Car eledric [K\vh 00km] 30.000 29,800 29 B0 Z9.400 29.200 29 000
Bus diesel 1100 k] 36.000 34.800 A0 3100 34.200 34000
Bus CHG /100 k] 45000 44700 43 400 41100 43.600 43 500
hictro . [k A0 0krn] gooooo|  7oooool  Feoooo|  yrooon|  FE0.O00l  7S0000
Tramway . [K\vh 00km] s00000] 995000 420000 485000] 430000 475000
Trolleybus . [k A00km) 300000 295000 220000 2es000| Zs0000)  2FS000

Figure 3.25. Snapshot of input data tables of worksheet "PassIntra-D".
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Table 11-4 Imtracity passeng e transportation by mode

te i Unit 2000 2005 2040 2015 2020 2025
Totd [0S p k] 5075 £.256 8506 11,080 14,041 [EE:
Car gazoline [10"8 p ] 0304 0.1 ) 0595 0285 1,254 1004
Car diesd [10"9 p k] 0051 0,095 0470 0232 0562 0253
Car zlcohol [10"3 p ki Qoo 0,000 oS 0221 0121 0.a53
Car LPG [10"3 p ki 0051 0.127 0 255 041 0702 1442
Car electnic [10"5 p k] 0,000 0,000 0000 0111 02531 076
Bus dieszl [10"5 p k] 2806 4775 5054 G536 Tz 7 fiid
Bus CHG [0S p k] 0.051 0127 0255 0. 0702 0252
hdctro . [10"8 p i 0.000 0.000 0000 0332 0342 1004
Trammaey o . [10"8 p i 0.000 0.000 0265 0553 0953 1004
Trollevbus . [10"9 p k] g1z 0528 0o 1106 1,264 0253
Table 11-6 Energy imtensity of intracity passenger transpontation (energy units)

ttern Unit 2000 2005 2010 2015 2020 2025
Car gazoline [kivhip krn] 0.515 0511 0506 0501 0.497 0453
Car diesd [kWhip k] 0501 0,496 0491 0485 0421 0.4 75
Car alcohol [k\hip k] 0.491 0.428 0455 0482 0.479 0.47E
Car LFG [kivhip k] 0458 0425 0451 0478 0474 047
Car eledtnic [kwvhip k] 0.150 0.149 0142 0147 0,146 0145
Bus die=z=l [kWhip k] 0052 0.058 002 0.0E3 0.07E 0025
Bus CHG [kWhip k] 0,040 0,04 0043 0,045 0,051 0057
Metro . [kWhip k] 0.01E 0.01E 0047 0,015 0.01g 0,019
Tranmaey o . [k:wwhip k] 0.050 0.052 0053 0055 0057 0059
Trolleybus . [kivhip k] 0.050 0,051 0053 0,057 0.052 0.0Eg
Table 11-7 Energy consumption of intracity passenger transportation {by mode}

te i Unit 2000 2005 2040 2015 2020 2025
Car gasaline GWs 0012 0024 0033 0.051 0.07 2 0107
Car diesd EE 0003 0,005 0040 0018 0031 0052
Car zlcohol Gz 0.000 0.000 0005 0012 0023 0052
Car LFG Gz 0002 0.007 001 0,024 0028 006
Car eledtnic Gz Q.00 0,000 Qoo 0,002 0005 0013
Bus diezzl Gz 0025 0022 0042 0052 0061 0074
Bus CHG (e Q.00 0,001 0001 000z 0.0 000
Metro . Gz 0000 0,000 0000 0,001 0,002 000
Tranmaay o . Gz 0000 0,000 0 00z 0,003 0006 0013
Trolleybus . eSS 0,005 0,005 0 D06 0,007 0,009 0007
Totd iz 0051 0.074 GEET 0173 0250 0.329
Table 11-8 Energy consumption of intracity passenger transportation (by fuel)

tte Unit 2000 2005 2010 2015 2020 2025
Electricity eSS 0005 0.005 0007 0013 0022 0027
Diesdl Gz 0oz 0,027 oSz 007 0.oo2 0126
Gasoline Gz 0018 0.0z 0034 0,051 0.072 0407
LFG e 0.003 0.007 0014 0,024 0.038 006
CNG 5z Q.00 0004 0o 000z 0.0 0006
Alcohal EE Q.00 0.000 0o0s 0012 0023 0053
Totd EE 0051 0.074 0114 0173 0250 0.259
Table 11-9 Energy consumption of intracity passenger transportation {by fuel group)

te i Unit 2000 2005 2040 2015 2020 2025
Electricit EE 0005 0,005 0007 0013 0022 007
Steam cod [na) Gz 0.000 0.000 0000 0.000 0.000 0000
Motor fus = G 0.0 0.059 0.107 0,160 0279 0352
Totd EE 0051 0.074 0.4 0173 0.250 0.329

Figure 3.26. Snapshot of calculated data tables of worksheet "PassIntra-D".

ol



(¢) Worksheet “PassInter-D” (Table 12)

This worksheet covers the intercity passenger travel as well as the international and military
transportation. The first input data is the intercity distance traveled per person per year (Table
12-1), which, together with the total population from “Demogr-D” worksheet, is used for
deriving the intercity travel activity level (10° passenger-kilometers). Secondly, car ownership
ratio (ratio of population to total number of cars) and the average intercity distance driven per
car per year are entered (Table 12-2). Based on the previous information the model calculates
the intercity travel activity performed with cars; the remaining intercity passenger travel
activity is assumed to be performed with public transportation modes (Table 12-4). The other
input data for this Transportation subsector refer to the load factors of intercity transportation
modes (Table 12-3), split (%) by car types of intercity travel activity performed by car
(Table 12-5), modal split of public intercity passenger transportation (Table 12-7), and energy
intensities of various modes of transport, expressed in natural units (Table 12-9).

The additional data calculated by the model for intercity travel and stored in this worksheet
include the travel activity levels (10° passenger-km) by car type (Table 12-6) and by public
mode type (Table 12-8); energy intensities of these modes expressed in kWh/p-km
(Table 12-10); and energy consumption of intercity passenger transportation by mode
(Table 12-11), by fuel type (Table 12-12) and by fuel group: electricity, steam coal and motor
fuels (Table 12-13).

Regarding the international and military transportation, the user has to enter into this
worksheet the values of two input coefficients relating the corresponding motor fuel
consumption to the total GDP. The model then calculates directly the energy consumption for
this type of transportation activity and stores it in the cells meant for this derived variable
(Table 12-14).

In the end this worksheet provides the results of the model-based calculations for the
passenger (intercity and intracity) and international & military transportation subsectors
(Table 12-15), giving total final energy demand for these activities split by fuel group:
electricity, steam coal and motor fuels.

The size of Table 12 depends on the number of intercity passenger transportation modes
selected by the user in worksheet “Defs” and on the number of fuels used by these
transportation modes. A snapshot of input data tables of this worksheet is shown in Figure
3.27 while calculated data tables are illustrated in Figure 3.28.

(d) Worksheet “FIN_Trp-D” (Table 13)

Finally, the worksheet “FIN_ Trp-D” sums up the results of all transportation activities and
provides information on (i) total final energy demand of Transportation sector by fuel type
(Table 13-1), fuel group type: electricity, steam coal and motor fuels (Table 13-3) and
subsector: freight, passenger intracity, passenger intercity, and international & military (Table
13-5) (i1) corresponding percentage shares in the total transportation energy of each fuel type
(Table 13-2), fuel group type (Table 13-4) and subsector (Table 13-6). Figure 3.29 shows the
content of the entire worksheet “FIN Trp-D”.

3.3.8 Worksheets for household sector (Tables 14 to 16)

The energy demand analysis of the Household sector is covered by three worksheets:
“US_HH Ur-D”, meant for entering the input data for urban dwellings and also for showing
the results of the model-based calculations for the useful energy demand of this Household
subsector; “US HH Rr-D”, serving the same purpose but for the rural dwellings; and
“FIN_HH-D”, which summarizes the overall energy demand analysis results for the
Household sector. As already mentioned in Section 2, the categories of energy use considered
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in the Household sector are: space heating, water heating, cooking, air conditioning and
secondary appliances (refrigerators, lighting, washing machines etc.). The energy demand for
water heating, cooking and secondary appliances is calculated based on average specific
energy consumptions for all dwellings of the Household subsector (urban or rural) while for
space heating and air conditioning the energy demand is calculated separately for the dwelling
types defined by the user in worksheet “Defs” for each subsector.

Intercity passenger transportation
Table 12-1 Distance travelled
e Uit 2000 205 2010 2015 2020 i
Dist . irtercity [k ndpr =miyr] 1500000 1700000 2000000 2q00000]  2o00.000( 3300000
Tot= [10°3 pkri] 28 725 2EE33 42 551 £ 541 25215 105, 223
Table 12-2 Factors for intercity passendger transport hy car
fterm Uit 2000 205 2010 015 2020 225
Car ovnership [persondar] 50000 45000 40,000 35000 20,000 20000
Car- kilometers [krnazariyr] A000.000 SE00.000( G000, 000 B500 000 FOO0.C00f  =000.000
Table 12-3 Load factors
fern Lriit 2000 2005 2010 015 2020 2025
Air plane [Fooccupied] 70000 Fo.000 70,000 70000 70.000 70.000
Cars [orsmiczr] 000 S.000 000 000 2000 2000
Bus |arge [pranf/Bus l=rge] 45 000 2.000 40.000 27 na0 25.000 25.000
Bu= =riall [pramiBus srnzll] 15 000 16,000 15,000 15 000 15.000 15.000
Train diessl [prsmTrain diess] 500000 S00.000 500,000 500,000 H00.000 H00.000
Train & ectric [praniTrain eledric] S0 000 200000 200000 200 000 200,000 00000
Train stezmm [pramuTr=in stemrn] 200000 200,000 200.000 200000 200.000) 0000
Table 12-5 Modal split of cars intercity passenger transportation
[Lem Uit 2000 05 2010 2015 2L 2025
Car gasoline [*4] SO0 S0 000 55000 55000 53000 50,000
Car diesd [ 410000 G000 410000 40,000 410000 40,000
Czr =l cohol [d] 0000 0000 2000 4,000 7000 10.000)
Tahle 12-7 Madal split of public intercity passeni & transpontation
ftern Unit 2000 2005 2010 2015 2020 225
4 plane [o4 5,000 1000 7.000 £.000 8.000 10.000
Bus |arge [54 35,000 24000 2000 2200 31.000 21.000
Bz = rivall [o4 20,000 24000 200 23,000 24000 24,000
T rmin diesel [o4 15.000 13 000 11.000 0.000 £.000 7.0
T min e ectric %4 10.000 12 000 11000 16000 17.000 12.000
T min =t ezm 24 £.000 4000 2.000 2,000 1.000 0,000
Table 129 Energy intensity of intercity passenge transportation (natural units)
ttern Uit 2000 05 2010 2015 2020 ZOEE
Air plane 1M 000 seat k] &7 500 25,000 £2 500 £2.000 77.800 75.000
Car gasoline [A00 k] 2500 2,000 2000 £.000 £.000 8000
Car diesd [00 k] 2000 7000 7000 000 7000 7000
Car alcohal [0 krn] 14,000 #4.000 14,000 14,000 14.000 14,000
Bus |=rge [A00 k] 20000 20,000 20.0m 2000 30,000 30.000
Bu= =rall [00 k] 26000 25,000 25,000 25 000 25,000 25 .00
Train diessl [0 k] 250000 250,000 250000 250000 250,000 250.000
Train = ectric [kt 100 k] G50 000 £50.000) £50.000 £50,000 50,000 50000
Train stz [kgo=s 00k m] 1215000 12950000 13150000 1245000 43150000 1315000
Table 12-14 Energy consumption of internati onal and military transpo tation

Eem Uit 2000 2005 2010 015 20 2025
Constant e Q2,040 Q040 Qi Q090 Qi Q2,040
Warizhle [kmhAl 53] 0,080 Q050 2,020 20,50 Q030 2,020
Tot=l G 0125 057 0195 0.243| 0238 0.264

Figure 3.27. Snapshot of input data tables of worksheet "PassInter-D".
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Table 12-4 Modal split of intercity passenger transportation

e Linit 2000 2005 2010 2015 2020 2025
Cars [10°3 plrn ] LI 5] 7.ad44 10.924) A5 006 20.714 3B 632
Public [10*3 plirn ] 22a80 28 289 37627 49 533 E5.101 BT EO7

Tale 12-6 Cars intercity passenger tansportation by car type

ftern Linit 2000 2005 2010 2015 2020 2025

Car gasoline 109 phrn 3447 4.7E7 E.33E g.403 10.978 19.31E
Car diesel [10™3 phimn FFEL 3178 4370 E.002 5286 135,453
Car alcohd 103 phim 0000 0.000 0213 0,500 14350 3863

Tabe 12-§ Public interc ity passenger transportation by mode

fterm Urit 2000 2003 2010 20135 2020 20235

Air plane [10*3 pkmn] 1143 1733 2E5d 3971 FEEE] B.7TE1
Eus large [10*3 pkmn] 5043 g2 12417 135885 20,181 20,958
Bus small [10*3 pkrn] LR 85855 12041 iEERE] 22134 22,988
Train desel [10*3 phirn] 2447 37356 4133 4467 A.208 4.732
Train electric [10*3 pkrn] 2298 3467 S2ER 7842 11067 12.169
Train staam [10™3 pkrn] 1149 1156 1128 0.933 0651 0.000

Tale 12-10 E nergy intensity of intercity passenger transportation {ener gy units)

term Urit 2000 2005 2010 2015 2020 2025

Lir plare [KWubipkirn ] 1084 1063 1.032 1.025 [ELE] [EET]
Car qasoline [hubipkirn | 0297 0 250 0.250 0.250 0250 0250
Car diesel [k ] 0300 0234 0.234 0.234 0234 0234
Car alcobol [k pkirn | 0225 0225 0.225 0225 0225 0225
Bus large [KMipkirn ] 0067 0070 0.075 0.031 0036 0 0gE
Bus small [k ] 0167 0167 0167 0167 0167 0167
Train desel [k ] 0050 0 050 0.050 0.050 0050 0050
Train electrc [KMbipkirn ] [(TE] 0002 0.002 0.002 onng 0002
Train steam [k ] 0533 0535 0535 05335 0533 0533

Table 12-11 Energy consumtion of intercity passenger transportation (by mode)

e Urit 2000 2005 2010 2015 2020 2025

Air plare GWa 0.144 0210 0310 0465 [EE] 0724
Car gasoline GWa 0117 0136 0.121 0.240 0313 0551
Car diesel Gz 007a 0 085 0117 0 160 0221 02
Car alcobol G'a 0000 0 000 0.006 0.015 0037 0 039
Eusz large GWa 0061 0 O7FE 0. 106 0147 0.193 0205
Eus small Gva 0.131 0171 0329 0512 D422 0435
Train desel GWa 000 0 0z1 0.0%< 0.0Z6 0030 007
Train electrc GWa (L] 0003 0.005 0.007 ooin oot
Train stazm Gz 0070 0071 0.069 0.061 o040 0 oo
Total GWa [ 0y7s 1.048 1.433 1513 2 AeR

Tabe 12-12 Energy consumtion of intercity passenger transportation {by fuel)

fterm Urit 2000 2005 2010 20135 2020 2023

Electricity GWa [ 0 003 0.005 0.007 ooin oot
Stearn coal GWa 0070 0 071 0.062 0.061 0040 0 oon
Di ezl GWa 0241 0355 0.476 [ 0AFD 1052
Gazolire Gz 0.117 0136 0.181 0,240 0313 0551
Jet fuel Gz 0.144 0210 0.310 ] 0 G435 0724
Ao Gia 0000 0 ooo 0.006 0.015 onsy 0 gy
Total GWa [ [ 1.048 1.433 1813 2 AeR

Table 12-13 Energy consumtion of inter city passenger transportation intercity {by fuel group)

fterm Urit 2000 2005 2010 20135 2020 2023

Electricity GWa [ 0003 0.005 0.007 ooin oot
Stearn coal GWWa 0070 0 071 0.062 0.0G1 0040 0 oon
Motor fuels GWWa 0551 0.y01 04973 1,565 1569 Z 456
Total GWWa 024 [ 1046 1,433 1313 2 AES

Table 12-15 Energy consumption of infra + inter passenger + intemational & mil tary transpotation (by fuel group)

fern Unit 2000 2005 2010 2015 2020 2025

Electricity Gz 0.007 0.002 oniz (] 0 032 0042
Stearn coal Gz 0.070 0.071 [T [T 0 040 0.000
Motor fuels Gz 0726 0037 1275 1767 205 372
Total Gz 0203 1.005 1236 1 242 2 AET 2220

Figure 3.28. Snapshot of calculated data tables of worksheet "PassInter-D".

(a) Worksheet “US HH_Ur-D” (Table 14)

First, the number of urban dwellings is taken from worksheet “Demogr-D” where it was
calculated based on the input data related to the share of urban population and urban

o4



household size. Then, the user is required to provide the following general input data which
have impact on the energy demand for space heating in urban dwellings (Table 14-1):
e fraction (%) of urban dwellings situated in areas where space heating is required;

e degree-days (days’C) for urban dwellings (see Section 4, Table 4.1 for the definition of
this variable).

Table 14-2 includes input data referring to space heating and air conditioning by type of
dwelling, namely:

e fraction (%) of urban dwellings by type (relative to the total number of urban dwellings
situated in areas where space heating is required);

e average size (sqm) of dwellings by type;
e specific heat loss rate (Wh/sqm/°C/h) by dwelling type;

e share (%) of urban dwellings with air conditioning, by type (relative to the total number of
urban dwellings of the same type);

e specific cooling requirements (kWh/dw/yr) by dwelling type.

Table 14-3 contains the average specific energy consumptions and other factors required for
calculation of useful energy demand for cooking, hot water and secondary appliances,
namely:

e specific useful energy consumption for cooking per urban dwelling and per year
(kWh/dw/yr);

e share (%) of urban dwellings with hot water facilities;

e specific useful energy consumption for water heating per person in urban dwellings
(kWh/cap/yr);

e specific final electricity consumption per electrified urban dwelling and per year
(kWh/dw/yr) for electric appliances (other end-uses than space heating, hot water, cooking
and air conditioning);

e share (%) of electrified urban dwellings (electricity penetration for appliances);

e specific fossil fuel consumption per urban dwelling and per year (kWh/dw/yr, final
energy) for non-electric appliances (other end-uses than space heating, hot water, cooking
and air conditioning), mainly lighting, but also non-electric refrigerators etc.

The previous input data tables for the Demonstration case are shown in Figure 3.30.
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Final energy demand in Transportation sector

Table 13-1 Final energy demand in Transpontation sector {by fuel)

kern Uit 2000 2005 2010 015 2020 2025
Bectricity [ETE 0053 0070 0,400 0128 0162 0.202
Steam codl (e 0421 0.2e0 0220 02492 0.129 0.000
Dieze| Gz 2064 4202 4705 5206 5212 B.492
Gazsoline Gtz 0435 0460 0215 0290 0,325 0.5658
et fuel Sz 0.1 0240 0210 0455 0692 0724
LFiS W= 0003 0007 001 0024 0.8 0.061
CHG B 0000 0001 0001 Doz 0.00< 0.006
Alcohol Gitiz Q000 0000 0,040 0028 0.050 0.151
MF for Int'l & milit. [ELE 0425 0457 0195 0242 0208 0265
Total e 4564 5286 5272 EEZE 7548 8615
Table 13-2 Share of fuels in Transportation sectol

kerm Uit 2000 2005 2010 15 2020 2025
Bectricity 4] 1280 1,500 1,705 1,920 2142 2,259
Steam codd 4] 2253 7191 5451 ZEE= 1,846 0.000
Diezz| 4] 21507 81195 20136 72545 TT.021 T4.246
Gzsoline 4] 27E9 aoze 2EE2 4280 5.092 T.E2E
et fuel 4] 25951 2978 5252 7012 2.528 2.401
LF 4] 0osg 0423 02329 0264 0502 0712
CHG 4] 0005 0011 0021 0025 0.054 n.ov2
Alcohol 4] 0000 0000 0A7E 0416 0,799 1753
MF for Int'l & milit. 4] 2568 2963 2227 2652 2947 4221
Table 13-3 Final energy demand in Transpontation sector {(by fuel group)

ke Uit 2000 2005 2010 015 2020 2025
Bectricity (e 0053 0o7a 0400 0128 0162 0202
Steam cod Gz 0421 0280 0220 0242 0.129 0.000
Motar fusl Sz 4270 4227 5452 6257 72496 2412
Total [EE] 4564 5286 5272 EE22 7542 8E15
Table 13-4 Share of fuel groups in Transportation sectol

kern Uit 2000 2005 2010 015 2020 2025
Bectricity 4] 1280 1,500 1,705 1,920 2142 2.259
Steam codl 4] g253 7191 5451 2EE2 1,846 0.000
Motaor fuel 4] 29257 91209 92245 94407 9E.010 97.641
Table 13-5 Final energy demand in Transpontation sector (hy subsector)

kerm Uit 2000 2005 2010 15 2020 2025
Freight (e 4061 4281 4516 4720 5.020 5.205
Paz=_intracity Gz 0054 no7d 0114 0172 0.250 0.229
Paz=_intercity Gitiz o524 0775 1,046 14232 1.010 24958
Rl & military Sz 0425 0457 0195 0242 0208 0,265
Total (e 4264 5286 5272 EE22 7542 8515
Table 13-6 Shares of final energy demand of Transportation subsectors

kerm Uit 2000 2005 2010 15 2020 2025
Freight 4] 83500 20s9va TES12 Tz118 ET.212 E2.520
Pas=_intracity 4] 1108 1,293 1,940 2E11 218 4514
Pas=_intercity 4] 12824 14 EES 17.821 21618 25422 28645
Rt'l & military 4] 2568 2963 2227 2E52 2947 4221

Figure 3.29. Snapshot of worksheet "FIN Trp-D".




Useful energy demand in Urban Household sector
Table 141 Basic data for useful energy demand in Urban Household sector
kern Linit 2000 200 2010 2015 2020 2025
Dwellirgg [miﬂinn] 1325 1542 183 2195 2.EE3 3219
Share of dw. requinrg 5H [2] i00000|  100.000) 100000 i0oooof  100.000) 100000
| Degrae-days [d=ys"C] 1500000 ( 1500.000) 1500000( 1500000( 1500.000] 1500000
Tables 14-2 Dwelling factors for space heating and air comditioning, Urban Household
[ Linit 2000 2003 200 2015 2020 20235
Share of Apartmert [P 20000 30.000 30000 20000 20.000 20000
Share of Famil y house [ 13000 14.000 16000 18000 19.000 20000
Share of Ow. with room SH only i 45 000 43.000 40000 37 0oo 234.000 33000
Share of Ow. withou 5H [P 4000 4.000 2000 2000 5.000 4000
Share of Willa [%4 4000 5.000 E 000 ¥ .oon 9.000 3000
Ch. size. Apartrnert =i 20000 40.000 20000 20000 20.000 20000
Crwr. zize. Farmil y house =qm 120000] 120.000) 120000 1200000 120.000] 120000
Cher. =ize. O, with room SHonly sqm G0 000 G0 .000 G0 000 G0000 G0.000 G0 000
Char. size. Ow. witbood SH [5grn] A0.000 A0.000 A0 000 A0.000 A0.000 A0.000
Char. size. Villa [5grn] 200000( 200.000) 200000( 2000000 200.000] 200000
Ares b B partrnert [%h] i00000|  100.000) 100000 oooool  100.000] 100000
Ares b, Farnily house [%] 20000 40.000 0000 o000 20.000 20000
Area b, Drwe, with roorn SH only [ <0 000 0.000 40 000 40000 40.000 <0 000
Srea b Ow. without SH [ 0000 0.000 oooo 0000 0.000 0000
Ares b villa [%0 20000 E0.000 20000 20000 20.000 20000
H.los. R, Bpartrnert Mg Ch) 4000 4.000 4000 4000 <.000 4000
H. I, R Farnily bose [vbEgrin Ca] 44500 4.500 4500 4500 4.500 44500
H.loes. B Chwe weith roorm SH oy [ f=grn 4] 3400 3.4500 2400 2500 2.500 3400
H.los. R Do without 5H [ g Ch] 3500 3.500 24500 2500 3.500 3500
H.lcs. B Willa [‘l.l'l.h."sgm.i" Chi] 4500 4500 4500 4500 4500 4500
Cher. BC. Bpartrmert [ 5000 7.000 000 11.000 13.000 15000
Dh. AC. Farnily house i 7 000 £.000 gooo|  11oo0]  12.000[ 15000
L. AC. Owe. wwith roorm SH only [ 5 000 5500 G000 G500 7.000 2000
O AC. O withook SH [%] oooo 0.000 oooo ooon 0.000 oooo
Crar. 8 C. Wil [B] 00000 | q00.000(  100000) 100000  100.000) {00000
Spe. reg. AC. Apartmernt [l wwichasiyr] 2500000 2500.000) 2500000) 2500000 2500.000) 2500000
Spz. req. AC. Family house L JH00000( 3500.000) 3500000| 3500000( 3500.000] 3600000
Spe. req. AL, Dhw . with roor SH only L 2000000( 2000.000) 2000000| 2000000( 2000.000] 2000000
Spe.req. AC. Dh . withoot SH KWhwiceyr 0oon 0.000 0aoo oooo 0.000 oooo
Spc. reg. AC. Villa Lo vTuichilur GO00000 | G000.000) GO00000| G000.000] G000.000] &O000000
Table 14-3 Dwelling factors for ¢cooking, hot water ardl appliances, Urban Household
kern Linit 2000 200 2010 2015 2020 2025
Cooking [lswtuichuniyr] QA0000( 995.000] Q0OO00| 2500000 200.000] 750000
Char wit by oot weater [B] 40 000 45.000 A0 000 55000 G0.000 70000
Hy per cap [KniapAT] JE0000( 400.000) 450000( S00000] 600.000] 700000
Electr. cons. for appliances [l wituichaiyr] qoonoof 1100.000) 1300000( 1500000] 1750.000] 2000000
Electr. penetration [P 25000 a0.000 a5 000 Q2000[  100.000) {00000
FFfor lighting [ wivhuiichuetyr] 00000  100.000] 100000 00000 100.000) 100000

Figure 3.30. Snapshot of Tables 14-1 to 14-3 of worksheet "US HH Ur-D".

Based on the previous information, the useful energy demand for all end-use categories: space
heating, water heating, cooking, air conditioning, and secondary appliances (electric and non-
electric) is calculated (Table 14-4) as illustrated in Figure 3.31.

Talle 14-4 Calculation of useful energy demand in Urban Household sector

Ftem Lrit 2000 2005 2010 2015 2020 2023
[I5pace heating G 1.191 1449 1.821 2302 24871 kRN
(Frviater heating G 0127 0187 0263 0372 0 547 0&10
Concki (G 0.141 0161 0.188 0213 0,243 0276
ir cn:und'rtiming Ghiva 0.054 0o7v 0110 0155 0235 0298
El . for appliances Gida 0116 0174 02563 0363 06832 0735
i G 000z non: 0.001 0001 0.000 ooon
G 1630 2030 2645 2411 45238 EREL

Figure 3.31. Snapshot of Table 14-3 of worksheet "US HH Ur-D".
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Table 14-5 Penetration of energy forms into space heating, Urban Househald

ftem Liit 2000 2005 2010 2013 220 2023
Tradtional fuels [#] f.000] 4500 4000  3000f 3000 1000
M odem bicmass [#] 2000 3500 4000]  3400f 4000 4000
Electricity [#] f.000]  GO00 TO00|  8.000f G000 10000
[therect : heat pumnp] [#] 1.000] 2000 4000  4000f  S000 f 000
Digtrict heat [#] o000 oooo 0o00|  3.000f  S000 2000
St solar 0] ] 0.0 1.000) 2000 4000
Fozsil fuels ] ] gE.0 813 780 T2l

Table 14-6 Efficiencies and other factors for space heating, Urban Household

fem |t 2000 palll5] 210 &l pll] 25
Eff. Trad. fuds [#] 15000 16000)  17000]  18.000( 19000) 20000
Eff. Mod. biomass [#] 20000 ZG000)  ITDOD|  Z.000f  29000) 30000
Eff. Fozsil fuels [#] GOO00|  BI000)  G2DOD|  E3.000f 64000  GROOD
COP hest pumps [ratii] 2400 2750 2000 2.4500 4000 4400
Slar stare 4] 4000 40000  4o000] 4000 40000 40000
Table 14-7 Penetration of m&rgytornﬁ into water heating. Urban Household
tern Lnit 2000 2005 2010 M3 2010 2025
Traditioral fuels [ A.000 4500 4000 3.000 2000 1000
Wodem biomass [ 2.000 2500 2000 3.4500 4000 S000
Electricity [#] §.000 o0 7000 g.000 20000 10000
[thersof: hest pump] [#] 1.000 2000 2000 4.000 A000 G000
Diztrict beat [ 0.000 oo 0D 3.000 A000 2000
Sift solar [ 0.000 oo 0D 1.000 2000 4000
Fiossil fuels [1] 2al a7l L] 414 7el 720
Table 14-8 Efficiencies and other factors for water heating, Urban Household
Ern |t 2000 pilll] 210 2 ] 2025
Fff. Trad.fugs [%] 15000  16000( 17000 12.0000  19000[ 20000
Fff. Mod. biomass [%] J6000 260000 370000 28000 390000  A0000
Fif. Fozsil fuel= [%] GO000|  B1000)  A20000  R3.000) 640000  G&000
COP beat pumps [r=tin] 2500 2750 3000 3500 4000 4500
Solar shans [] 40000 40000 400000 40000f 400000 40000
Table 14-9 Penetration of energy forms into cooking, Urban Household
fterm Liit 2000 2005 200 2 220 2025
Tradtioral felz [£] 10.000 4000 2000 7.000 A000 3000
M odem biomaszs [£] A.000 fi 000 7000 8.000 4000 10000
Electricity [£] A.000 fi 000 7000 8.000 4000 10000
Soft solar [1.000 1000 1000 1.000 2000 3000
Fios il fuels a0 7an a0 7.0 780 740

Table 14-10 Efficiencies and other factors for ¢ml-;im_|. Urban Household

ftern it 2000 palll] 200 2045 2020 1]
Eff. Trad. fuds [#] 120000 12500( 130000  f3500) 140000 {4000
Eff. Mod, biomass [#] 20000 2000  XoO0) X3000) 24000 25000
Eff. Fozzil fuels [#] S0.000) &f000)  52O00)  A3.000)  S4000) 65000
Slar stare 4] 4000 40000  4o000] 4000 40000 40000
Table 14-11 Penetration into air conditioning by technology, Urban Household

e Lt 2000 Falll] 200 215 2020 2025
[Electricity ] G5.0[0] 03000] 00D0D]  &.000] B4D00] G000
Hioreelectric [£] 5.0 710 1000 13.00 16010 000§
Table 14-12 Efficiencies for air conditioning, Uban Household

fteri it 2000 pall ] 2010 2013 2020 2002
0P electric AC i 2400 2500 2700 2800 2800 2000
COP moreelsctric AC ratio 2400 2500 2700 2.800 2900 2000

Figure 3.32. Snapshot of input data tables of worksheet "US HH Ur-D".

The other tables of the worksheet are meant to allow entering of the following input data
(Figure 3.32):
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e penetration of different energy carriers (traditional fuels, modern biomass, electricity, heat
pumps, district heating, soft solar and fossil fuels) into the markets of space heating (Table
14-5), water heating (Table 14-7), cooking (Table 14-9) and air conditioning (Table 14-
11) of the Urban Household subsector;

e data such as efficiencies / coefficients of performance (COP) of different energy carriers
when used in the Urban Household subsector for the previously-mentioned applications:
space heating (Table 14-6), water heating (Table 14-8), cooking (Table 14-10) and air
conditioning (Table 14-12). For the detailed definitions of these variables the user should
refer to Section 4, Tables 4.1 and 4.2.

The previous input data and the model-calculated data on useful energy demand stored in this
worksheet are used in worksheet “FIN_ _HH-D” to work out the final energy demand of the
Household sector.

(b) Worksheet “US_HH_Rr-D” (Table 15)

This worksheet has the same functions and structure as the previous one (US HH_Ur-D) but
it deals with rural dwellings.

(¢) Worksheet “FIN_HH-D” (Table 16)

The worksheet “FIN_HH-D” converts the previously calculated useful energy demand to final
energy demand by type of end-use (space heating, water heating, cooking, air conditioning
and appliances) and by type of energy carrier (traditional fuels, modern biomass, electricity,
district heating, soft solar and fossil fuels), for urban dwellings (Tables 16-1 to 16-6), rural
dwellings (Tables 16-7 to 16-12), and sums up the results for the two subsectors as final
energy demand of the entire Household sector (Tables 16-13 to 16-18). Figure 3.33 illustrates
the final energy results for urban Household sub sector.
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Final energy demand in Household sector

Urban

Table 16-1 Urhan Household, space heating

tem Unit 2000 2005 2010 2015 200 2025
Tradtiond fusls Gi's 0297 0402 04228 0.284 0313 0122
Modern bio rimss G 0095 0.129 0202 0.255 0410 0.606
Electricity Girs 005 005 0.125 0.179 0257 0.3F
District hest Giv'a 0000 0.000 0.000 .06 01498 0.291
Soft =ol=r ] 0000 0000 0000 0,009 0.0z 0.052
Fossil fuels Giv'a 179 2 DE7 2525 3.000 2575 G153
[Tt Giv'a 720 7 B35 3281 3528 4,528 5,547

Table 16-2 Urban Household, water heating

tern Lrit a0 2005 2010 2015 200 2025

Tradtiond fus=s (eI 00 0053 (Un]sx] 0052 0.0es 0.041
Modern bio riass Gtz 0040 0042 0020 0.0 .05 0. 125
Electricity e 000 0011 0012 0.029 0.0 0.07r
District hest (eI 000 0000 0000 0.011 007 0056
Soft sol=r e yalu] 0000 0000 0001 .00y 0013
Foss| fuels [N 0,155 0267 0372 0,925 0577 .23
[Tota ) 0245 0242 0.4 Qe 0258 1252

Table 16-3 Uiban Householid, cooking

ftern LIt 2000 2005 2010 2015 200 2025

Tradtiond fus=s (e 0417 0.1 16 0.1 46 0. 110 Q.07 0,05
Modern biomass e 0025 0095 0080 0.07 0.091 0. 110
Electricity (eI 0703 0aEF 1347 1.704 2158 2750
Sioft sol=r Gtz yalu] 0000 0000 0001 Q.00 0003
Foszs| fusls e 0225 0250 02 0.z 0242 .20
Tot= (e 1080 1372 1774 2.197 2712 3,309

Table 16-4 Urban Household, air conditioning

fteri Lnit 2000 2005 2040 2015 200 2025

Electricity Ghi's 000 0022 003r 0.042 0.0s= 0.079
Hor-dednc iz 0001 000 0004 0.007 0.013 0.0E0
Tt = Ghi's 0021 0.020 00441 0.055 0.2 0.093

Table 16-5 Urban Household, appliances

e rm Lrit 2000 2005 20410 2015 200 2025

Elec. for appliances ) 0116 0.174 0283 03658 0532 0.7
FF for lighting [N 0002 0 002 0001 0.1001 0,000 .00
Tots Ghiv's 0.112 0175 0253 0.253 0532 0725

Table 16-6 Total final energy demand in Urhan Household

termn Unit 2000 2005 2010 2015 2020 2025

Tradtiond fuds Gia 0556 0575 0 g0y 0.555 04957 0.8
Modern biomass e 011 0203 020z 0.4% 0575 0.852
Electricity [T 0g0s 12685 1755 2322 2.0 2005
Diztrict hea Gii'a oo 0000 puln ] 0.0 OATG 02565
Soft solar 'z 0000 0000 ugnju] 0.012 0020 0.074
Fos=sil fuels (5 2161 2a87 23185 281 4710 5481
Tota (5 ATED 4 B3 5833 T8 9043 11.049

Figure 3.33. Snapshot of Tables 16-1 to 16-6 of worksheet "FIN _HH-D".

3.3.9 Worksheets for service sector (Tables 17 to 19)

The energy demand analysis of the Service sector is covered by three worksheets: “US SS-
D”, meant for entering those input data which allow the model to calculate the useful energy
demand for space heating, air conditioning, motor fuels, electricity specific uses and other
thermal uses (excluding space heating); “SS_Fac-D”, serving for entering the penetration of
different energy carriers into the various useful energy markets of the sector (space heating,
other thermal uses and air conditioning); and “FIN_SS-D”, which converts the previously

60



calculated useful energy demand to final energy demand by type of end-use (thermal uses, air
conditioning and electricity specific uses) and by type of energy carrier (traditional fuels,
modern biomass, electricity, district heating, soft solar, fossil fuels and motor fuels). As
already mentioned in Section 2, the categories of energy use considered in the Service sector
are: space heating, air conditioning, motor fuels, electricity specific uses and other thermal
uses (water heating and cooking). The energy demand for space heating and air conditioning
is calculated based on specific space heating and cooling requirements (kWh/sqm/yr) while
the energy demand for motor fuels, electricity specific uses and other thermal uses (water
heating and cooking) is calculated through value added and energy intensity at Service sub
sector level.

(a) Worksheet “US_SS-D” (Table 17)

The input data required to be entered into this worksheet are the following (see Figure 3.34):

e share (%) of Service sector in the total labour force and average floor area per employee
(sqm/cap) in Table 17-1;

e share (%) of floor area requiring space heating and what of that (%) is actually heated,
specific space heat requirements (kWh/sqm/yr), share (%) of air-conditioned floor area
and specific cooling requirements (kWh/sqm/yr) in Table 17-2;

e cnergy intensities for motor fuels (Table 17-4), specific uses of electricity (Table 17-5)
and other thermal uses, except space heating (Table 17-6).

The model-calculated data are:

e labour force (million employees) and floor area (million sqm) in Service sector
(Table 17-1);

e useful energy demand for space heating and air conditioning (Table 17-3), motor fuels
(Table 17-7), specific uses of electricity (Table 17-8), and other thermal uses (Table 17-9);

o total useful energy demand for the entire Service sector (Table 17-10).

Figure 3.35 shows the model-calculated data included in Tables 17-3 and Tables 17-7
to 17-10.
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Useful energy demand in Service sector

Table 17-1Basic data for useful energy demand in Service sector

term Uit 2000 2005 2010 2015 2020 2025

Labour forcein 55 [%] 46,000 45 000 4r.o00 A2.000 49000 50000
Floor ares per emp. [5 g m'c:ap] 2000 2400 2.5900 9..200 Q.50 10,000
Labour forcein 55 [mill cap] 1683 2059 20836 3.139 3.088 4 .2800
Floor ares of 55 [mill 5 qm] 13512 17300 2320 28878 370 48001

Table 17-2 F actors for space heating and air conditioning

Herm Lnit 2000 05 2010 2015 2020 2025

Share of reareg. SH [%] 100000 100000 A00.000 A00.000 00000 100 000
Area actually hested [41] 50,000 55 000 £0.000 5,000 70000 75000
Specific SH reg. [lehlé b= grrutyr] 50,000 a3 000 S6.000 54000 52000 50000
Air cond. floor ares [%] 10,000 15000 20,000 25.000 20,000 40000
Specific cooling reg. [l b= gty 0000 50000 S0.000 S0.000 S0.000 S0.000

Energy intensities for end-uses other than space heating and air ¢conditioning
Table 17-4 Energy intensities of Motor fuels

Lem Unit 2000 A0S A0 2015 2020 A25

Serdce [l bS] 0.1 0.175 0,120 0154 0.187 0,123
Commer.Z tour. [l B .40 0,400 0000 o400 0. 4000 0400
FPublic admins. [ b LLSER] 000 000 000 0200 0. 200 0200
Finance&huss. [l R S5 0050 0.050 0050 0050 0050 0050
Ferzn. zens. & others [l b LI '5] 0400 0400 0400 0400 ] 0,400

Table 17-5 Energy intensities of Electricity specific uses

Lem Unit 2000 005 2010 2015 2020 25

Service [le'uy L) S5 1025 1.056 1.025 1025 1.025 1.026
Commer.&e tour. [l 'L S2R] 1.070 1.070 1.070 1070 1070 1.070
FPublic admins. [l ' L1S2R] 1. 060 1850 1050 1050 1050 1050
Finance&huss. [l R S5 1200 1200 1. 200 1200 1200 1.200
Fersn. sen, & othars [l 'L 55) 1400 1400 1,400 1,400 1400 1400

Table 17-6 Energy intensities of Other thermal uses

LE=] Linit 2000 A0S 2010 2015 2020 25

Service [l LI SE] 0.123 0.127 0,130 0.132 0.134 0. 135
Commer.ge tour. [l R SE] 0300 0. 300 0300 0300 0. 300 0300
Fubliz admins. [l R SE] (] 0.4 00 Al o300 0. 00 0300
Financeshuss. [l R SE] [N 0050 05 05D 0. 050 O.050
Perzn. sen. S others [l R S5 000 0400 [} 000 ] 0. 300

Figure 3.34. Snapshot of input data tables of worksheet "US SS-D".

(b) Worksheet “SS_Fac-D” (Table 18)

In this worksheet the user should enter the following input data:

penetrations of different energy carriers (traditional fuels, modern biomass, electricity,
heat pumps, district heat, soft solar and fossil fuels) into the space heating market
(Table 18-1);

penetrations of different energy carriers into the market of other thermal uses: hot water
and cooking (Table 18-2);

efficiencies of various fuels, coefficient of performance of heat pumps and other factors
related to all thermal uses (space heating, hot water and cooking) in Service sector
(Table 18-3);

penetration of electric and non-electric equipment in the market of air conditioning
(Table 18-4);

coefficients of performance of electric and non-electric air conditioning equipment
(Table 18-5).

A snapshot of this worksheet is shown in Figure 3.36.
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|Td>|e 17-3 Useful energy demand for space heating and air conditioning

[term Uit 2000 2005 2010 2015 =0 225

Totsl =res hested [mill = qrm] E. 756 9515 13.332 12774 26124 26001
Space hegting 3hilia 0.5 00E2 0.036 0116 0.155 0.205
pair conditioning Zira 0.002 0015 0025 0.041 0.054 0.110

Useful energy demand for end-uses other than space heating and air conditioning
Table 17-7 Useful energy demand of Motor fuels

e Unit 2000 2005 2010 2015 2020 2005
Serdoe i 3 0.21E 0.413 0555 0.732 0,975 1.277
Commer.& tour. LEY[1F| 0.0a3 0194 0204 0.239 0,295 0527
Public_admirs. i3 022 0152 0207 0273 0.259 03
Financedhiss i3 0,006 0002 0011 0015 0021 0030
FPersn. senv. & others '3 0.0 0102 0133 062 0.200 0247
Table 17-8 Useful energy demand of Electricity specific uses
term Unit 2000 205 2010 15 2020 2025
Sierine i 3 2038 260 3253 4,249 5 Bl e
Commer.&e tour. LEX[ I | 0251 02249 05496 0772 1.057 1.4909
Fublic_admirs. i3 0,640 0830 1037 1.431 1,85 2 57
Financeghiss i3 0135 0157 0260 0.351 0,505 0779
Ferzn. sens. & others LEXIIF | 1.001 1.199 1461 1786 2197 2712
Table 17-9 Useful energy demand of Other thermal uses
ftem Unit 2000 205 2010 15 2020 2025
Sierioe i a 0231 0,304 0400 0.530 0E37 0 508
Commer. & tour, i3 0.073 0102 0153 0216 0205 0,205
Public admirs. e 0061 0.079 0404 0126 0179 0275
Financeghiss i3 0,005 0002 0011 0.015 0.0z 1 0030
FPerzn. zens. & others =r'a 0.3 010 0133 0162 0,200 0,27
Table 17-10 Total useful energy demand in Service sectol
ftem Unit 2000 205 2010 15 2020 2025
Spaoe hesting e .06 0063 005G 0116 0.155 0.205
Air corditioning G 0.003 0,015 005 0.0 0,06 0110
hotor fuds el 0.216 0.1 0555 0732 0075 1277
Electricity spec. uses Gz pelli cic 2600 3353 4349 5544 7.3
Cthertherma uses G 0221 0.204 0400 0.520 0607 0,002
Totsl G 2629 2400 4413 5775 7535 9003

Figure 3.35. Snapshot of calculated data tables of worksheet "US SS-D".
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Penetration of energy carriers into useful energy demand, and efficienciesin
Service sector

Table 18-1 Penetration of energy forms into Space heating

[em Unit 2000 2005 20140 2015 2020 2025
|Traditional fuels [3%] 23000 25000 21.000f 19.000] 17000 15000
[Modem biomass [55] 2.000 3.000 4.000 5.000 G000 10.000
[Electricity [3%] g.000( 10.000] 12000) 14000 16.000) 15.000
| (thereof: heat pumgs) [55] 10000 12000] 14000 16.000] 15000] 20000
District heat [25] 0.000 0.00a 5.000 F.000] 1000a] 12.000
|soft solar [55] 0.000 1.000 3.000 3.000 7.0ao 9.000
IF ossil fuels [35]  J&S5.00 5300 29.00 49.00 42.00 36.00

Table 18-2 Penetration of energy forms into Other thermal uses

[em Unit 2000 2005 20140 2015 2020 2025
[Traditional fuels [34] 22.000] 23000] 21000 19.000] 17.000] 15000
IModem biomass [35] 2.000 3.000 4.000 5.000 g.000{ 10.000
[Electricity [3%] g.000( 10.000] 12000) 14000 16.000) 15.000
|District heat [55] 0.000 0.000 3.000 F.000f 10.000] 42000
[soft solar [34] 0.000 1.000 3.000 2.000 .0aa 9.000
[F ossil fuels [3]  |&5.00 53,00 29.00 49.00 42.00 36.00

Table 18-3 Efficiencies and other factors for Thermal uses

[kem Unit 2000 2005 2010 2015 2020 2025

[EfF. Tracl. fuels [3%] 19.000] 16000 170000 13.000] 19.000] 20000
[Eff. Mod. biomass [%5] 25000) 25000] 2F000f 25000] 28000 30000
|Eff. Fossil fuels [55] GO.000) B1.000] B2000]( G3.000] B4.000] B5.000
|cOP heat pumps [ratic] 2.500 2.0 3.000 3.500 4.000 4.500
[Low rise buildings [35] F0.000] B5000| G0.000f S55.000] S0.000] S0.000
|solar share [35] 40.000) 400000( 40000( 40000 400000] 40000

Table 18-4 Penetration of energy forms into Air conditioning

[tem Unit 2000 2005 2010 2015 2020 2025
[Electricity [%5] 90.000( S6.000] J2.000{ ¥3.000) V4.000] 70.000
[Hon-electiic [#] 10.00 14 .00 15.00 22.00 26.00 30.00

Table 18-5 Efficiencies for Air conditionine

[kem Unit 2000 2005 2010 2015 2020 2025
COP of electric AC [ratio] 2.500 2800 2700 2.800 2.900 3.000
COP of non-electric AC [ratic] 2.500 2600 2.700 2.500 2.900 3.000

Figure 3.36. Snapshot worksheet "SS Fac-D".

(¢) Worksheet “FIN_SS-D” (Table 19)

This worksheet calculates and shows the final energy demand of the Service sector by end-
uses: thermal uses, air conditioning and specific uses of electricity and by energy form:
traditional fuels, modern biomass, electricity, district heat, soft solar, fossil fuels and motor
fuels (Figure 3.37).
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Final energy demand in Service sector

Table 19-1 Final energy demand for Thermal uses

ltem Unit 2000 2005 2010 2015 2020 2025
ITraditional fuels GWa 0462 052y 0600 0652 0. 762 0.535
|Modem biomass GWa 0.022 0042 0.072 013a 0235 0.371
IEllﬂll:tl'it:illn.ur GWa 00z 0036 0057 0.089 0.135 0195
I[Iistric’t heat GWa 0.000 0000 0.024 0.045 0.0585 0134
I5oft solar GWa 0,000 0,001 0.003 0.007 0.o12 0.020

Fossil fuels GWa 0.200 0.381 0.439 0514 0.587 [.EE3

Total GWa 0.806 0.987 1.1%6 1.430 1.814 2219

Table 19-2 Final energy demand for Air conditioning

tem Unit 2000 2005 2010 2015 2020 2025

[Electricity GWa 0.003 0.005 0.005 0.011 0.016 0.026
Hon-electric GWa 0.000 0.001 0.002 0.003 0.006 0.011
Total GWa 0.003 0.00 6 0.009 0.015 0.022 0.037

Table19-3 Final energy demand for Electricity specific uses
Item Unit | 2000 2005 2010 2015 2020 2025
Electricity GWa 2,038 2600 3353 4349] 564  T.333

Table 194 Total final energy demand in Service sector {by energy forms)

tem Unit 2000 2005 2010 2015 2020 2025

ITraditional fuels GWa 0462 0527 0.600 0652 0762 0.835
Il'l.l'll:rtlaﬂ biomass GWa 0.022 0.042 0.072 0138 0.235 0.3M
[Etectricity GWa 2.062 2.641 3.8 4.449 5.793 7.553
I_[Iistrict heat GWa 0,000 0000 0024 0.045 0,085 0,134
Soft solar GWa 0.000 0.001 0.003 0.007 0.012 o020
IF ossil fuels GWa 0.3 0352 0.441 0522 0.593 0674
II'I.I'Il:rtor fuels GWa 0.316 04149 0,555 0.735 0,975 1.277
|T1:ital GWa 3163 4.01 2 5114 6.582 8. 455 10.865

Figure 3.37. Snapshot of worksheet "FIN SS-D".

3.3.10 Worksheets Showing the Final Results of MAED D Model (Tables 20 and 21)

The final results of the energy demand analysis for the entire system under study are shown in
both energy unit specified by the user in cells ES0 and L50 of worksheet “Defs”.

(a) Worksheet “Final-D” (Table 20)

This worksheet calculates and stores the final set of results of final energy demand analysis
worked out by MAED D in the energy unit specified by the user in cell ES0 of worksheet
“Defs” (default: GWa). It consists of 12 tables. The first table (Table 20-1) gives the total
final energy demand and its break-up into various energy forms (traditional fuels, modern
biomass. electricity, district heat, soft solar, fossil fuels, motor fuels, coke & steam coal, and
feedstock). The next table (Table 20-2) shows the values of final energy demand per capita
(MWh/cap) and final energy demand per monetary unit of GDP (kWh/US$). The third table
(Table 20-3) reports on the values of total final energy demand by sector. The sectors
considered here are: Industry, which is split further into Manufacturing and ACM
(Agriculture, Construction and Mining), Transportation (split further into freight and
passenger subsectors), Household and Service. The final energy demand of each of the nine
energy forms contained in Table 20-1 is then disaggregated in Tables 20-4 to 20-12 by the
sectors mentioned for Table 20-3. Figure 3.38 illustrates the content of Tables 20-1 to 20-4.
Tables 20-5 to 20-12 are similar to Table 20-4 but are related to other energy forms.
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Total final energy demand

Table 201 Final energy demand by energy form

ke Linit 2000 20035 2010 2013 2020 2025

Trediticnal fuels Gliv'a Ta1z 7092 87 T A0 7756 6 T
Modem biomass Gi's oain 1.647 227 38913 54557 sl
Electricity Gi's ZR27 A2 16 r.i0: QA0S 12803 16 Fif
District hest Gy 0064 0.020 0123 0245 0.404 0 Aifi1
Scoft solar Gliv'a oooo 0.003 0003 007 0.055 0412
Fossil fuels Gl 5234 G236 7 a9 SA54 10.045 11 Faf
Motor foels Gi's L f.440 FapcHs 2411 9.737 11274
Coke & =tearn cosl Gy orra 0245 0994 10249 1.096 0 a6g
Feedstock Ghi'a (22 1.150 1521 1026 2.376 2704
Total Gi's 23336 29,627 3a 081 41 96 449 538 a5 A0

Table 20-2 Final energy demand per capita and per GDP

ern Lt 2000 2003 2010 20135 2020 20235
FE per capita [Mvhizap] 11599 11.974 12 659 132 5641 14.760 A6 DEF
FE per GOP LIS EE20 E.0E1 aE77 2389 3196 4397

Table 20-3 Final energy demand by sector

ke Uit 2000 200 2010 2013 2020 2025
Industry Gii's 5510 7126 9149 11384 13.837 16 324
M arnfacturing Gi'a 4043 5.370 7070 990 11.119 13300
B CM Gy 1 467 1. 756 2078 2393 2718 3024
Tranzpartation Gii's 4564 5,286 Save (3 7.543 HEE
Freig. trarcp. Gi'a L 3[a]| 4.281 4516 4780 5.080 5395
Pazs.tmnsp. Gy 0203 1.005 1356 1248 2 467 3220
Househald Gty 11819 13.203 14847 17102 20.018 23097
Sendice G'vi's 3163 d4.012 5114 E582 855 00 BES
Tatal Gi's 25 306 29 E27 35081 41 E96 49 .8:458 a5 A0

Table 20-4 Traditional fuels by sector

term Thit 2000 2005 2010 2015 2020 2025
hidastry G 0137 0135 087 0473 0,151 0113
Manufacturing s 0156 0.153 0146 0125 0117 0024
5 CM Giva 0 i 004z 041 0033 0034 00z
Transportati on G 0000 0,000 0000 0000 0.000 0000
Freig. trarsp. Gz 0000 0000 0000 0000 0.000 0000
Pazz.tmnsp. Gz 0000 0,000 0000 0000 0.000 0000
Hoze hold G T 283 7263 7201 7044 ] SE16
Senice Gz 062 0.527 0600 0682 0762 0235
T ctal Gz Talz 7.3z 7 aa7 T 293 7756 £ TES

Figure 3.38. Snapshot of Tables 20-1 to 20-4 of worksheet "Final-D".
(b) Worksheet “Final Results (User Unit)” (Table 21)

This worksheet just converts the final results from worksheet “Final-D” from the energy unit
specified in cell E50 to the energy unit chosen by the user in cell L50 of the worksheet
“Defs”. It has the same structure as the worksheet “Final-D” (Figure 3.39).
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Total final energy demand (UJser unit)
Table 21-1 Final energy demand by energy form

ftem Unit 2000 2005 2010 2015 200 25
T raditional fusls [htoe] 5.050 .00 .06 5.090 5.5 5005
Modern biomass [Mtoe] 0535 1.290 1.975 2.0 4208 5857
El et i it v [Mios] 2870 3070 5260 7.3 0,543 12 623
Oi strict hest [htoe] Q.08 0,061 0.0az 0,184 .30 0408
Soft salar [Mtoe] 0.000 0,002 0006 0.0 0.044 o025
Fossil fuss [htoe] 30927 EN==r 5.5658 fi.965 7566 ga78
hdotor fue = [htcs] 4,234 4,257 5.518 6.5 7.334 2403
Coke & steam cod [htoe] 0.586 0637 0.753 0820 0.8325 0729
Feedstock [htoe] .65 0873 1.145 1.4980 1.788 2104
Totd [hitoe] 19.083 =2 316 25424 =1 A07 =7.554 44 ZF5

Table 21-2 Final energy demand per capita and per GDP

e Lnit 2000 2005 2010 2015 2020 2025
FE per capita [hvivhio=p] 11.538 11.973 12.658 13 561 14.760 16 027
FE per GOFP [ kb L S5 E.520 E.051 5677 5.333 5,136 4397

Table 21-3 Final energy demand by sectol

fterm Lnit 2000 2005 2010 2015 2020 2025
Imcdust ry [htoe] 4.150 5265 6.831 8.505 10.423 12256
Marfacturing [Mtoe] 2.045 4046 5326 G772 2.375 10018
AC M [htos] 1,105 1,323 1,665 1,803 2047 2273
Tranzportaion [hittoe] SEES 35652 4 423 4 55 5 £S5 g A5
Fraig. tran=p. [htoe] 2.050 3224 3.902 3600 3.827 4053
P===. transp. [hitoe] 0.604 0.757 1021 1,352 1.858 2 425
Hausehold [htoe] 5.902 9.545 11.259 12 882 15.072 17 397
Service [htoe] 2283 3022 3852 4958 £.353 g.184
Totd [hitos] EE R Edzd|  E4A07| I7554|  443EE

Table 21-4 Traditional fuels by secto

term Unit 2000 2005 2010 2015 2020 2025
Indust ry [hitoe] 0.145 0.147 0.140 0.130 0.114 0085
Manufacturing [hAtos] 0.117 0.115 0.110 0.1 0.088 0 0&3
ACM [hthoe] 0.021 0.0E2 0.021 0029 0.026 0 0=
Transportion [hitoe] 0.000 0.000 0.000 0.000 0.000 0000
Freig. transp. [hitoe] 0.000 0.000 0.000 0.000 0.000 000
Fe==. transp. [hitoe] 0.000 0,000 0.000 0000 C.000 0 000
Household [htoe] 5.463 5.4 5.424 536 5.154 4 381
Service [htoe] 0.348 0.357 0.452 0.513 0.574 0E23
Tats [htoe] 5.960 5.0:0 E.01E 5.849 5842 5085

Figure 3.39. Snapshot of Tables 21-1 to 21-4 of worksheet "Final results (User unit)".

Once the analysis of a particular scenario has been completed through the application of
MAED _D, the user should carefully review the whole set of results, once again, in addition to
the review of the particular results contained in various worksheets that the user would have
been doing throughout the exercise. During the reconstruction of base year energy
consumption patterns within the model the user should compare after each run of the program
the final energy consumption by energy form and by sector calculated by MAED D with the
final energy consumption from the final energy balance of the country/region for the base
year. If any difference persists, further adjustments of input data and additional runs of the
program are necessary. The printout of the entire Demonstration Case is shown in Appendix 1
for illustration purposes. Each table/sub-table presents the selected values for every year
which has been analyzed and chosen for printing to facilitate the comparison between years.
The project (case study) and scenario description, as specified in worksheet “Descr”, is
included as a cover page, in order to permit a quick identification of the printout. This
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identification is rather convenient particularly when several scenarios of development have to
be investigated for the same case study.

If a thorough study of the report and its comparison with the reports of other scenarios of the
same case study (if available) brings to light some weaknesses in any parts of the results, the
user should carefully review both, the corresponding input data and the relevant scenario
assumptions, make necessary changes and rerun the model MAED D. This process of
reiteration should be continued until the user feels satisfied with the results of the scenario
being investigated
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4 INPUT AND DERIVED VARIABLES OF MAED MODULE 1

4.1 Introduction

In order to be able to operate a mathematical model properly and to appreciate fully the
significance of its output results, one needs to know: (i) the exact definitions of its input and
output parameters (variables), and (ii) the way each output parameter is worked out by the
model using the input data provided by the user. This section provides information on the first
of the above two aspects concerning the Module 1 of MAED model; the second aspect is
covered in Section 5.

4.2 Input variables

Table 4.1 provides a list of the input variables of MAED D, together with their definitions.
Also included in this table are a few variables for which input values are not required to be
entered by the user; the model assumes their values as the balance left after deducting from
the whole the values of certain other input variables (please refer to Section 3.3.2.3). Each
variable of MAED D is assigned a symbolic name. The first column of Table 4.1 lists the
symbolic names of the input variables; the second column contains their definitions; the third
column spells out the corresponding units of measurement; and the last column provides
additional comments, if required to clarify the significance of a particular variable.

The variables in Table 4.1 are arranged in 6 different groups: Demography, GDP formation,
Industry, Transportation, Household and Service. Some of the groups have been split into two
or more subgroups in order to facilitate the user in locating the position of a particular
parameter of interest within the table. For example, the parameters corresponding to the
Transportation group have been split into three subgroups: (i) Freight transportation, (ii)
Intracity passenger transportation, and (iii) Intercity passenger transportation.  The
correspondence of each group/subgroup in Table 4.1 with the input parameters covered in
various tables of the EXCEL worksheets of MAED D has also been shown under the heading
of each group/subgroup.

4.3 Derived variables

Table 4.2 provides information about the derived/output variables of MAED D. Of the
variables listed in this table, all but 13 appear in various tables contained in the EXCEL
worksheets of MAED D. The 13 additional variables are interim derived variables i.e. they
appear only in some intermediate steps of the calculations described in Section 5 but their
values are not readily available in the worksheets of MAED D; they have been underlined in
Table 4.2 as well as in Section 5 in order to facilitate their easy identification.

As against four columns in Table 4.1, Table 4.2 has only three columns: the first column lists
the symbolic names of the derived variables, the second column gives their units of
measurement, while the third column provides explanatory notes to define these variables.

The variables listed in Table 4.2 have been arranged in groups and subgroups essentially
according their correspondence with the derived parameters included in various tables of the
EXCEL worksheets of MAED_D. It should be noted that the units indicated in this table for
the variables representing energy values are GWa, which correspond to the default energy
unit of the model. However, as discussed in Sections 3.3.2.1 and 5.2, the user can readily
arrange to have the model’s output results worked out and displayed in some other energy
unit by providing the name of that unit and the corresponding value of the conversion factor
in the worksheet “Defs” of MAED D.
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Table 4.2a List and Definition of Derived Variables of Demography

(Note: Variables which are used for calculations in Section 5 but not shown in the EXCEL
worksheet tables of MAED D, have been underlined for easy identification.)

VARIABLE UNIT EXPLANATION

INCR years Time interval between the current and the last previous
model years.

DEMOGRAPHY:

(see worksheet “Demogr-D” of MAED_D.xls)

UHH 10° dw Number of urban households.

PRUR % Share of rural population.

RHH 10° dw Number of rural households.

ALF 10° persons  Active labour force.

POLC 10° persons  Total population living in large cities (where mass transportation is
feasible).

Table 4.2b List and Definition of GDP Formation

GDP FORMATION:

(see worksheet GDP-D of MAED_D.xls)

YAGR 10° MU GDP contribution, Agriculture sector.

YAG(I) 10° MU GDP contribution, Subsector | of Agriculture sector. | =
9 1. NSAGR

YCON 10" MU GDP contribution, Construction sector.

YCO(I) 10° MU GDP contribution, subsector | of Construction sector. | =
9 1 NSCON

YMIN 10" MU GDP contribution, Mining sector.

YMI(I) 10° MU GDP contribution, Subsector | of Mining sector. | =
0 1 NSMIN

YMAN 10° MU GDP contribution, Manufacturing sector.

YMA(I) 10° MU GDP contribution, subsector | of Manufacturing sector. | =
9 1 NSMAN

YSER 10" MU GDP contribution, Service sector.

YSE(I) 10° MU GDP contribution, subsector | of Service sector.
0 1=1 NSSFR

YEN 10" MU GDP contribution, Energy sector (electricity/gas/water).

Y.CAP MU/cap Per capita total GDP.

YAGR.CAP MU/cap Per capita GDP contribution, Agriculture sector.

YCON.CAP MU/cap Per capita GDP contribution, Construction sector.

YMIN.CAP MU/cap Per capita GDP contribution, Mining sector.

YMAN.CAP MU/cap Per capita GDP contribution, Manufacturing sector.

YSER.CAP MU/cap Per capita GDP contribution, Service sector.

Continues
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Table 4.2b List and definition of GDP formation (Continued)

YEN.CAP MU/cap Per capita GDP contribution, Energy sector.

YAGR.GR % GDP growth rate, Agriculture sector.

YAG.GR(l) % GDP growth rate, subsector | of Agriculture sector.
I=1,...... ,NSAGR

YCON.GR % GDP growth rate, Construction sector.

YCO.GR(l) % GDP growth rate, subsector | of Construction sector.
I=1,...... ,NSCON

YMIN.GR % GDP growth rate, Mining sector.

YMIL.GR(l) % GDP growth rate, Subsector | of Mining sector. 1=1,...... ,

YMAN.GR % GDP growth rate, Manufacturing sector.

YMA.GR(l) % GDP growth rate, Subsector | of Manufacturing sector.
I=1,...... ,NSMAN

YSER.GR % GDP growth rate, Service sector.

YSE.GR(l) % GDP growth rate, subsector | of Service sector. 1=1,......

YEN.GR % GDP growth rate, Energy sector.

Y.GR % GDP growth rate.

Y.CAP.GR % Per capita GDP growth rate.




Table 4.2c List and definition of derived variables of energy intensities in industry

ENERGY INTENSITIES IN INDUSTRY (AGRICULTURE, CONSTRUCTION, MINING AND

Specific motor fuel consumption per monetary unit of value added
(energy intensity) of Agriculture sector.

Specific motor fuel consumption per monetary unit of value added
(energy intensity) of Construction sector.

Specific motor fuel consumption per monetary unit of value added
(energy intensity) of Mining sector.

Specific motor fuel consumption per monetary unit of value added
(energy intensity) of Manufacturing sector.

Specific electricity consumption (for specific uses) per monetary
unit of value added (energy intensity) of Agriculture sector.

Specific electricity consumption (for specific uses) per monetary
unit of value added (energy intensity) of Construction sector.

Specific electricity consumption (for specific uses) per monetary
unit of value added (energy intensity) of Mining sector.

Specific electricity consumption (for specific uses) per monetary
unit of value added (energy intensity) of Manufacturing sector.

Specific useful energy demand for thermal uses per monetary unit
of value added (energy intensity) of Agriculture sector.

Specific useful energy demand for thermal uses per monetary unit
of value added (energy intensity) of Construction sector.

Specific useful energy demand for thermal uses per monetary unit
of value added (energy intensity) of Mining sector.

INDUSTRY:
MANUFACTURING):

(see worksheet “EnInt-D” of MAED_D .xls)
EILMF.AGR kwWh/MU
EI.MF.CON kwWh/MU
El.MF.MIN kWh/MU
El.MF.MAN kWh/MU
EILELS.AGR kwh/MU
EI.LELS.CON kWh/MU
EI.LELS.MIN kWh/MU
El.LELS.MAN kWh/MU
EL.TU.AGR kWh/MU
EL.TU.CON kWh/MU
ELTU.MIN kwh/MU
EL.TU.MAN kwWh/MU

Specific useful energy demand for thermal uses per monetary unit
of value added (energy intensity) of Manufacturing sector.
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Table 4.2d List and definition of derived variables of useful energy demand in industry
(agriculture, construction, mining and manufacturing)

USEFUL ENERGY DEMAND IN INDUSTRY (AGRICULTURE, CONSTRUCTION, MINING AND
MANUFACTURING):
(see worksheet “UsEne-D” of MAED D.xls)

US.MF.AGR
US.MF.AG(I)
US.MF.CON
US.MF.CO(I)
US.MF.MIN
US.MF.MI(])
US.MF.MAN
US.MF.MA(])
US.MF.IND
US.ELS.AGR
US.ELS.AG(I)
US.ELS.CON
US.ELS.CO(])
US.ELS.MIN
US.ELS.MI(I)
US.ELS.MAN
US-ELS.MA())
US.ELS.IND
US.TU.AGR
US.TU.AG(I)
US.TU.CON

US.TU.CO(I)

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

Useful energy demand for motor fuels, Agriculture sector.

Useful energy demand for motor fuels, subsector I of Agriculture
sector. I=1,...... ,NSAGR

Useful energy demand for motor fuels, Construction sector.

Useful energy demand for motor fuels, Subsector I of Construction
sector. I=1,...... ,NSCON

Useful energy demand for motor fuels, Mining sector.

Useful energy demand for motor fuels, subsector I of Mining
sector. I=1,...... ,JNSMIN

Useful energy demand for motor fuels, Manufacturing sector.

Useful energy demand for motor fuels, subsector I of
Manufacturing sector. I=1,...... ,JNSMAN

Useful energy demand for motor fuels, Industry aggregated sector.

Useful energy demand for electricity (specific uses), Agriculture
sector.

Useful energy demand for electricity (specific uses), subsector I of
Agriculture sector. I=1,...... ,NSAGR

Useful energy demand for electricity (specific uses), Construction
sector.

Useful energy demand for electricity (specific uses), subsector [ of
Construction sector. I=1,...... ,NSCON

Useful energy demand for electricity (specific uses), Mining
sector.

Useful energy demand for electricity (specific uses), subsector I of
Mining sector. I=1,...... ,JNSMIN

Useful energy demand for
Manufacturing sector.

electricity  (specific  uses),

Useful energy demand for electricity (specific uses), subsector I of
Manufacturing sector. I=1...... ,NSMAN

Useful energy demand for electricity (specific uses), Industry
aggregated sector.

Useful energy demand for thermal uses, Agriculture sector.

Useful energy demand for thermal uses, subsector I of Agriculture
sector. I=1,...... ,NSAGR

Useful energy demand for thermal uses, Construction sector.

Useful energy demand for thermal uses, subsector [ of
Construction sector. I=1,...... ,NSCON
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USEFUL ENERGY DEMAND IN INDUSTRY (AGRICULTURE, CONSTRUCTION, MINING AND
MANUFACTURING):
(see worksheet “UsEne-D” of MAED D.xls)

US.TU.MIN
US.TU.MI(])
US.TU.ACM
US.TU.MAN
US.TU.MA(D)

US.TU.IND

GWa

GWa

GWa

GWa

GWa

GWa

Useful energy demand for thermal uses, Mining sector.

Useful energy demand for thermal uses, subsector I of Mining
sector. I=1,...... ,NSMIN

Useful energy demand for thermal wuses, Agriculture +
Construction + Mining sectors.

Useful energy demand for thermal uses, Manufacturing sector.

Useful energy demand for thermal wuses, subsector I of
Manufacturing sector. I=1,...... ,JNSMAN

Useful energy demand for thermal uses, Industry aggregated
sector.
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Table 4.2e List and definition of derived variables of useful and final energy demand

PENETRATION OF ENERGY CARRIERS INTO USEFUL THERMAL ENERGY
OF AGRICULTURE, CONSTRUCTION AND MINING (ACM):

(see Table 5-4 in worksheet “ACMFac-D” of MAED D.xls) (They are not used in the
new version of the program. They can be removed!)

TFPACM
MBPACM
ELPACM
SSPACM

FFPACM

%
%
%
%

%

Weighted average penetration of traditional fuels into the market of

useful thermal energy demand of (Agriculture + Construction +
Weighted average penetration of modern biomass into the market
of useful thermal energy demand of (Agriculture + Construction +
Weighted average penetration of electricity into the market of
useful thermal energy demand of (Agriculture + Construction +
Weighted average penetration of solar systems into the market of
useful thermal energy demand of (Agriculture + Construction +
Weighted average penetration of fossil fuels into the market of
useful thermal energy demand of (Agriculture + Construction +

FINAL ENERGY DEMAND IN AGRICULTURE, CONSTRUCTION AND MINING:
(see worksheet “FIN_ACM” of MAED_D.xIs)

TFAGR
MBAGR

ELHAGR
ELAGR

SSAGR
FFAGR
MFAGR
FINAGR
TFAGR.S
MBAGR.S
ELAGR.S
SSAGR.S
FFAGR.S
MFAGR.S
ELTF.AGR
EILMB.AGR
ELLEL.AGR
El.SS.AGR

ELLFF.AGR

GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa

%

%

%

%

%

%
kWh/MU
kWh/MU
kWh/MU
kWh/MU

kWh/MU

Traditional fuel demand, Agriculture sector.

Modern biomass demand, Agriculture sector.
Electricity demand for thermal uses, Agriculture sector.
Total electricity demand, Agriculture sector.

Useful thermal energy demand replaced by soft solar systems,
Agriculture sector.
Fossil fuel demand, Agriculture sector.

Motor fuel demand, Agriculture sector.
Final energy demand, Agriculture sector.

Share of traditional fuels in final energy demand, Agriculture
sector.

Share of modern biomass in final energy demand, Agriculture
sector.

Share of electricity in final energy demand, Agriculture sector.

Share of soft solar in final energy demand, Agriculture sector.
Share of fossil fuels in final energy demand, Agriculture sector.
Share of motor fuels in final energy demand, Agriculture sector.

Traditional fuel demand per value added (energy intensity),
Agriculture sector.

Modern biomass demand per value added (energy intensity),
Agriculture sector.

Electricity demand per value added (energy intensity), Agriculture
sector.

Soft solar demand per value added (energy intensity), Agriculture
sector.

Fossil fuel demand per value added (energy intensity), Agriculture
sector.

Continues
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Table 4.2e List and definition of derived variables of useful and final energy demand

(Continued)

El.F.AGR kWh/MU Motor fuel demand per value added (energy intensity), Agriculture
sector.

EI.FIN.AGR kWh/MU Final energy demand per value added (energy intensity),
Agriculture sector.

TFCON GWa Traditional fuel demand, Construction sector.

MBCON GWa Modern biomass demand, Construction sector.

ELHCON GWa Electricity demand for thermal uses, Construction sector.

ELCON GWa Electricity demand, Construction sector.

SSCON GWa Useful thermal energy demand replaced by soft solar
systems, Construction sector.

FFCON GWa Fossil fuel demand, Construction sector.

MFCON GWa Motor fuel demand, Construction sector.

FINCON GWa Final energy demand, Construction sector.

TFCON.S % Share of traditional fuels in final energy demand, Construction
sector.

MBCON.S % Share of modern biomass in final energy demand, Construction
sector.

ELCON.S % Share of electricity in final energy demand, Construction sector.

SSCON.S % Share of soft solar in final energy demand, Construction
sector.

FFCON.S % Share of fossil fuels in final energy demand, Construction sector.

MFCON.S % Share of motor fuels in final energy demand, Construction sector.

EL.TF.CON kWh/MU Traditional fuel demand per value added (energy intensity),
Construction sector.

EI.MB.CON kWh/MU Modern biomass demand per value added (energy intensity),
Construction sector.

EI.LEL.CON kWh/MU Electricity demand per value added (energy intensity),
Construction sector.

EI.SS.CON kWh/MU Soft solar demand per value added (energy intensity),
Construction sector.

EI.LFF.CON kWh/MU Fossil fuel demand per value added (energy intensity),
Construction sector.

EI.MF.CON kWh/MU Motor fuel demand per value added (energy intensity),
Construction sector.

EI.FIN.CON kWh/MU Final energy demand per value added (energy intensity),
Construction sector.

TFMIN GWa Traditional fuel demand, Mining sector.

MBMIN GWa Modern biomass demand, Mining sector.
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Table 4.2¢ List and definition of derived variables of useful and final energy demand

(Continued)

ELHMIN GWa Electricity demand for thermal uses, Mining sector.

ELMIN GWa Electricity demand, Mining sector.

SSMIN GWa Useful thermal energy demand replaced by soft solar
systems, Mining sector.

FFMIN GWa Fossil fuel demand, Mining sector.

MFMIN GWa Motor fuel demand, Mining sector.

FINMIN GWa Final energy demand, Mining sector.

TFMIN.S % Share of traditional fuels in final energy demand, Mining sector.

MBMIN.S % Share of modern biomass in final energy demand, Mining sector.

ELMIN.S % Share of electricity in final energy demand, Mining sector.

SSMIN.S % Share of soft solar in final energy demand, Mining sector.

FFMIN.S % Share of fossil fuels in final energy demand, Mining sector.

MFMIN.S % Share of motor fuels in final energy demand, Mining sector.

ELTF.MIN kwh/MU Traditional fuel demand per value added (energy intensity), Mining
sector.

EI.MB.MIN kWh/MU Modern biomass demand per value added (energy intensity),
Mining sector.

EI.LEL.MIN kWh/MU Electricity demand per value added (energy intensity), Mining
sector.

EI.SS.MIN kWh/MU Soft solar demand per value added (energy intensity), Mining
sector.

El.FF.MIN kWh/MU Fossil fuel demand per value added (energy intensity), Mining
sector.

EL.LMF.MIN kwh/MU Motor fuel demand per value added (energy intensity), Mining
sector.

EIL.LFIN.MIN kwh/MU Final energy demand per value added (energy intensity), Mining
sector.

TFACM GWa Traditional fuel demand, Agriculture + Construction + Mining
sectors.

MBACM GWa Modern biomass demand, Agriculture + Construction + Mining
sectors.

ELSACM GWa Electricity demand for specific uses, Agriculture +

Construction + Mining sectors.

Continues
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Table 4.2e List and definition of derived variables of useful and final energy demand

(Continued)

ELHACM GWa Electricity demand for thermal wuses, Agriculture +
Construction + Mining sectors.

ELACM GWa Total electricity demand, Agriculture + Construction + Mining
sectors.

SSACM GWa Useful thermal energy demand replaced by soft solar systems,
Agriculture + Construction + Mining sectors.

FFACM GWa Fossil fuel demand, Agriculture + Construction + Mining sectors.

MFACM GWa Motor fuel demand, Agriculture + Construction + Mining sectors.

FINACM GWa Final energy demand, Agriculture + Construction + Mining sectors.

TFACM.S % Share of traditional fuels in final energy demand, Agriculture +
Construction + Mining sectors.

MBACM.S % Share of modern biomass in final energy demand, Agriculture +
Construction + Mining sectors.

ELACM.S % Share of electricity in final energy demand, Agriculture +
Construction + Mining sectors.

SSACM.S % Share of soft solar in final energy demand, Agriculture +
Construction + Mining sectors.

FFACM.S % Share of fossil fuels in final energy demand, Agriculture +
Construction + Mining sectors.

MFACM.S % Share of motor fuels in final energy demand, Agriculture +
Construction + Mining sectors.

EI.TF.ACM kWh/MU Traditional fuel demand per value added (energy intensity),
Agriculture + Construction + Mining sectors.

El.MB.ACM kWh/MU Modern biomass demand per value added (energy intensity),
Agriculture + Construction + Mining sectors.

EI.LEL.ACM kWh/MU Electricity demand per value added (energy intensity), Agriculture +
Construction + Mining sectors.

EI.SS.ACM kWh/MU Soft solar demand per value added (energy intensity), Agriculture +
Construction + Mining sectors.

El.FF.ACM kWh/MU Fossil fuel demand per value added (energy intensity), Agriculture
+ Construction + Mining sectors.

EI.MF.ACM kWh/MU Motor fuel demand per value added (energy intensity), Agriculture
+ Construction + Mining sectors.

EI.FIN.ACM kWh/MU Final energy demand per value added (energy intensity),

Agriculture + Construction + Mining sectors.
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Table 4.2f List and definition of derived variables of useful thermal energy demand in

manufacturing

USEFUL THERMAL ENERGY DEMAND IN MANUFACTURING:
(see worksheet “ManFac1-D” of MAED_D.xls)

USMAN(I,J)

USMA(I)

USMAN(1)
US.STM.MAN
USMAN(2)
US.FUR.MAN
USMAN(3)
US.SWH.MAN

USMAN(4)

GWa

GWa

GWa

GWa

GWa

GWa

Useful thermal energy demand of subsector | of Manufacturing
sector for demand category J.

[=1,.....,.NSMAN;

Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)
(J = 3) Space/water heating (SWH)

Useful thermal energy demand of subsector | of Manufacturing
sector. 1=1,.....,NSMAN

Useful thermal energy demand of Manufacturing sector for Steam
generation (STM).

Useful thermal energy demand of Manufacturing sector for
Furnace/direct heat (FUR).

Useful thermal energy demand of Manufacturing sector for
Space/water heating (SWH).

Total useful thermal energy demand of Manufacturing sector.

PENETRATIONS AND EFFICIENCIES FOR USEFUL THERMAL ENERGY

DEMAND OF MANUFACTURING
(see worksheet “ManFac2” of MAED_D.xls)

PMEL(J)

PMEL(4)

%

%

Share of electricity (conventional) in USMAN(J).
Demand categories: (J = 1) Steam generation (STM)

(J = 2) Furnace/direct heat (FUR)

(J = 3) Space/water heating (SWH)
Weighted average penetration of electricity (conventional) into the

market of useful thermal energy demand of Manufacturing
industries.

PMHP(J)

%

Share of electricity (heat pump) in USMAN(J).

Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)
(J = 3) Space/water heating (SWH)

Continues
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Table 4.2f List and definition of derived variables of useful thermal energy demand in
manufacturing (Continued)

PMHP(4) % Weighted average penetration of electricity (heat pump) into the
market of useful thermal energy demand of Manufacturing
industries.

PMDH(J) % Share of district heat in USMAN(J).

Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)
(J = 3) Space/water heating (SWH)

PMDH(4) % Weighted average penetration of district heat into the market of
useful thermal energy demand of Manufacturing industries.

PMSS(J) % Share of solar systems in USMAN(J).

Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)
(J = 3) Space/water heating (SWH)

PMSS(4) % Weighted average penetration of solar systems into the market of
useful thermal energy demand of Manufacturing industries.

PMCG(J) % Share of on-site cogeneration in USMAN(J).

Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)

(J = 3) Space/water heating (SWH)

PMCG(4) % Weighted average penetration of on-site cogeneration into the
market of useful thermal energy demand of Manufacturing
industries.

PMTF(J) % Share of traditional fuels in USMAN(J).

Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)
(J = 3) Space/water heating (SWH)

PMTF(4) % Weighted average penetration of traditional fuels into the market
of useful thermal energy demand of Manufacturing industries.

PMMB(J) % Share of modern biomass in USMAN(J).

Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)
(J = 3) Space/water heating (SWH)

Continues
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Table 4.2f List and definition of derived variables of useful thermal energy demand in

manufacturing (Continued)

PMMB(4) % Weighted average penetration of modern biomass into the market
of useful thermal energy demand of Manufacturing industries.
PMFF(J) % Share of fossil fuels in USMAN(J).
Demand categories: (J = 1) Steam generation (STM)
(J = 2) Furnace/direct heat (FUR)
(J = 3) Space/water heating (SWH)
PMFF(4) % Weighted average penetration of fossil fuels into the market of
useful thermal energy demand of Manufacturing industries.
FFEMAN(4) % Average efficiency of fossil fuel use in thermal processes in
Manufacturing sector, relative to the efficiency of electricity.
TFEMAN(4) % Average efficiency of traditional fuel use in thermal processes in
Manufacturing sector, relative to the efficiency of electricity.
MBEMAN(4) % Average efficiency of modern biomass use in thermal processes
in Manufacturing sector, relative to the efficiency of electricity.
PSTEEL 10° tons Total steel production.
PFEED 10° tons Total feedstock consumption (i.e. use of energy sources as raw

materials)
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Table 4.2g List and definition of derived variables of final energy demand in manufacturing

FINAL ENERGY DEMAND IN MANUFACTURING

(see Tables 9-1 to 9-3 in worksheet “FIN_Ind-D” of MAED D.xIs)

TFMAN GWa Thermal use of traditional fuels in Manufacturing.

COGSTH GWa Useful thermal energy demand of Manufacturing that is
provided with cogeneration of electricity.

MBMAN GWa Thermal use of modern biomass in Manufacturing.

ELHMAN GWa Thermal use of electricity in Manufacturing.

ELSMAN GWa Electricity demand for specific uses in Manufacturing.

ELMAN GWa Electricity demand in Manufacturing.

DHMAN GWa District heat demand in Manufacturing.

SSMAN GWa Useful thermal energy demand replaced by soft solar
systems in Manufacturing.

FFMAN GWa Thermal use of fossil fuels in Manufacturing.

MFMAN GWa Motor fuel demand in Manufacturing.

COKE GWa Coke demand for pig iron production.

FEED GWa Total feedstock consumption, expressed in internal energy units
of the module.

FINMAN GWa Final energy demand in Manufacturing.

TFMAN.S % Share of traditional fuels in final energy, Manufacturing.

MBMAN.S % Share of modern biomass in final energy, Manufacturing.

ELMAN.S % Share of electricity in final energy, Manufacturing.

DHMAN.S % Share of district heat in final energy, Manufacturing.

SOLMAN.S % Share of soft solar in final energy, Manufacturing.

FFMAN.S % Share of fossil fuels in final energy, Manufacturing.

MFMAN.S % Share of motor fuels in final energy, Manufacturing.

COKEMAN.S % Share of coke in final energy, Manufacturing.

FEEDMAN.S % Share of feedstock in final energy, Manufacturing.

EI.TF.MAN kWh/MU Traditional fuel demand per value added, Manufacturing.

EI.MB.MAN kWh/MU Modern biomass demand per value added, Manufacturing.

El.LEL.MAN kWh/MU Electricity demand per value added, Manufacturing.

El.DH.MAN kWh/MU District heat demand per value added, Manufacturing.

EI.SS.MAN kWh/MU Soft solar demand per value added, Manufacturing.

El.FF.MAN kWh/MU Fossil fuel demand per value added, Manufacturing.

El.MF.MAN kWh/MU Motor fuel demand per value added, Manufacturing.

EI.COKE.MAN kWh/MU Coke demand per value added, Manufacturing.

El.LFEED.MAN kWh/MU Feedstock demand per value added, Manufacturing.

EIl.FIN.MAN kWh/MU Final energy demand per value added, Manufacturing.
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Table 4.2h List and definition of derived variables of final energy demand in industry
(Manufacturing + ACM)

FINAL ENERGY DEMAND IN INDUSTRY (MANUFACTURING + ACM):
(see Tables 9-4 to 9-6 in worksheet “FIN_Ind-D” of MAED_D.xls)

TFIND
MBIND
ELSIND

ELHIND

ELIND
DHIND

SSIND

FFIND
MFIND
FININD

TFIND.S
MBIND.S

ELIND.S
DHIND.S
SSIND.S
FFIND.S
MFIND.S
COKEIND.S
FEEDIND.S
ELTF.IND
ELLMB.IND
ELLEL.IND
EI.DH.IND
EL.SS.IND
EL.FF.IND
EILMF.IND
EI.COKE.IND
EI.FEED.IND
EL.LFIN.IND

GWa
GWa
GWa

GWa

GWa
GWa

GWa

GWa
GWa
GWa

%

%

%

%

%

%

%

%

%
kWh/MU
kWh/MU
kwh/MU
kWh/MU
kWh/MU
kwh/MU
kwWh/MU
kWh/MU
kwh/MU
kwWh/MU

Thermal use of traditional fuels in Industry.
Thermal use of modern biomass in Industry.

Electricity demand for specific uses, Industry.

Electricity demand for thermal uses, Industry.

Electricity demand in Industry.

District heat demand in Industry.

Useful thermal energy demand replaced by soft solar
systems in Industry.
Thermal use of fossil fuels in Industry.

Motor fuel demand in Industry.
Final energy demand in Industry.

Share of traditional fuels in final energy, Industry.

Share of modern biomass in final energy, Industry.
Share of electricity in final energy, Industry.
Share of district heat in final energy, Industry.
Share of soft solar in final energy, Industry.

Share of fossil fuels in final energy, Industry.
Share of motor fuels in final energy, Industry.
Share of coke in final energy, Industry.

Share of feedstock in final energy, Industry.
Traditional fuel demand per value added, Industry.
Modern biomass demand per value added, Industry.
Electricity demand per value added, Industry.
District heat demand per value added, Industry.
Soft solar demand per value added, Industry.
Fossil fuel demand per value added, Industry.
Motor fuel demand per value added, Industry.
Coke demand per value added, Industry.
Feedstock demand per value added, Industry.

Final energy demand per value added, Industry.
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Table 4.21 List and definition of derived variables of freight transportation

TRANSPORTATION:
FREIGHT TRANSPORTATION:
(see worksheet “FrTrp-D” of MAED_D.xls)
TKFT 10° tkm Total ton-kilometers for freight transportation (domestic).
TKFTM(I) 10° tkm Ton-kilometers by freight transportation mode. 1=1,........ ,NMFT
FTMEI(I) kWh/100tkm | Energy intensity of freight transportation mode |I.
I=1,........ ,NMFT
ECFTM(I) GWa Energy consumption of freight transportation mode |
I=1,........ ,NMFT
TELFT GWa Total electricity consumption of freight transportation.
TSCFT GWa Total steam coal consumption of freight transportation.
TDIFT GWa Total diesel oil consumption of freight transportation.
TGAFT GWa Total gasoline consumption of freight transportation.
TF5FT GWa Total consumption of fuel number 5 in freight transportation.
TFE6FT GWa Total consumption of fuel number 6 in freight transportation.
TF7FT GWa Total consumption of fuel number 7 in freight transportation.
TF8FT GWa Total consumption of fuel number 8 in freight transportation.
ECFTF(I) GWa Energy consumption in freight transportation by fuel type I.
I=1,........ ,NTF
TMFFT GWa Total motor fuel consumption for freight transportation.
TENFT GWa Total energy consumption for freight transportation.
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Table 4.2j List and definition of derived variables of intracity (urban) passenger transportation

INTRACITY (URBAN) PASSENGER TRANSPORTATION:
(see worksheet “Passintra-D” of MAED_D.xls)

PKU 10”9 pkm Total passenger-kilometers, intracity (urban) traffic.
PKUTM(I) 10° tkm Passenger-kilometers by urban transportation mode.
I=1,........ ,NMUT
UTMEI(I) kWh/pkm Energy intensity of urban transportation mode |.
I=1,........ ,NMUT
ECUTM(I) GWa Energy consumption of urban transportation mode |I.
I=1,........ ,NMUT
TELUT GWa Total electricity consumption, urban passenger traffic.
TDIUT GWa Total diesel oil consumption, urban passenger traffic.
TGAUT GWa Total gasoline consumption, urban passenger traffic.
TF5UT GWa Total consumption of fuel number 5, urban passenger traffic.
TFEUT GWa Total consumption of fuel number 6, urban passenger traffic.
TF7UT GWa Total consumption of fuel number 7, urban passenger traffic.
TF8UT GWa Total consumption of fuel number 8, urban passenger traffic.
ECUTF(I) GWa Energy consumption in urban transportation by fuel type I.
I=1,........ ,NTF
TMFUT GWa Total motor fuel consumption, urban passenger traffic.
TENUT GWa Total energy consumption, urban passenger traffic.
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Table 4.2k List and definition of derived variables of intercity passenger transportation

INTERCITY PASSENGER TRANSPORTATION:
(see worksheet “Passinter-D” of MAED_D.xls)

PKI 10° pkm Total passenger-kilometers, intercity traffic.

PKIC 10° pkm Passenger-kilometers by car, intercity traffic.

PKIP 10° pkm Passenger-kilometers by public transportation, intercity traffic.

PKICT(l) 10° pkm Passenger-kilometers by car type |, intercity traffic.
I=1,....,NCTIT

PKIPM(I) 10° pkm Passenger-kilometers by public transportation mode [, intercity
traffic. [1=1,....,(NMIT-NCTIT)

ITMEI(I) kWh/pkm Energy intensity of intercity transportation mode |I.
I=1,........ ,NMIT

ECITM(I) GWa Energy consumption of intercity transportation mode |.
I=1,........ ,NMIT

TELIT GWa Total electricity consumption, intercity passenger transportation.

TSCIT GWa Total steam coal consumption, intercity passenger
transportation.

TDIT GWa Total diesel oil consumption, intercity passenger transportation.

TGAIT GWa Total gasoline consumption, intercity passenger transportation.

TF5IT GWa Total consumption of fuel number 5, intercity passenger
transportation.

TF6IT GWa Total consumption of fuel number 6, intercity passenger
transportation.

TF7IT GWa Total consumption of fuel number 7, intercity passenger
transportation.

TF8IT GWa Total consumption of fuel number 8, intercity passenger
transportation.

ECITF(I) GWa Energy consumption in intercity transportation by fuel type I.
I=1,........ ,NFT

TMFIT GWa Total motor fuel consumption, intercity passenger transportation.

TENIT GWa Total energy consumption, intercity passenger transportation.

TMFMIS GWa Fuel consumption, international and military (miscellaneous)
transportation.

TELPT GWa Total electricity consumption for passenger transportation.

TSCPT GWa Total steam coal consumption for passenger transportation.

TMFPT GWa Total motor fuel consumption for passenger (including
international and military) transportation.

TENPT GWa Total energy consumption for passenger transportation.
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Table 4.21 List and definition of derived variables of final energy demand in transportation

FINAL ENERGY DEMAND IN TRANSPORTATION:
(see worksheet FIN_Trp-D of MAED_d.xls)

TELTR
TSCTR
TDITR
TGATR
TF5TR
TF6TR
TF7TR
TF8TR

ECTRF(l)

FINTR

ECTRF.S(1)

TMFTR

TELTR.S

TSCTR.S

TMFTR.S

TENFT.S

TENUT.S

TENIT.S

TMFMIS.S

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

%

GWa

%

%

%

%

%

%

%

Total electricity consumption for transportation.

Total steam coal consumption for transportation.

Total diesel oil consumption for transportation.

Total gasoline consumption for transportation.

Total consumption of fuel no. 5 for transportation.

Total consumption of fuel no. 6 for transportation.

Total consumption of fuel no. 7 for transportation.

Total consumption of fuel no. 8 for transportation.

Total energy consumption for transportation, by fuel type |
(including international and military transportation).

=1,........ J(NTF+1)

Final energy consumption for transportation.

Share of fuel type | (including international and military
transportation) in final energy consumption for transportation.
=1,........ J(NTF+1)

Total motor fuel consumption for transportation.

Share of electricity in total final energy consumption for
transportation.

Share of steam coal in total final energy consumption for
transportation.

Share of motor fuel in total final energy consumption for
transportation.

Share of energy consumption for freight transportation in total final
energy consumption for transportation.

Share of energy consumption for urban passenger transportation
in total final energy consumption for transportation.

Share of energy consumption for intercity passenger
transportation in total final energy consumption for transportation.

Share of energy consumption for international and military
transportation in total final energy consumption for transportation.
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Table 4.2m List and definition of derived variables of useful energy demand in urban

household

HOUSEHOLD:

USEFUL ENERGY DEMAND IN URBAN HOUSEHOLD:
(see worksheet “US_HH_Ur-D” of MAED_D.xIs)

TUDW 10° dw Total stock of urban dwellings (assumed to be equal to the
number of urban households).

SHUHT(I) GWa Useful energy demand for space heating in urban dwellings of
typel.  1=1,....,NUDT

SHUH GWa Useful energy demand for space heating, urban households.

HWUH GWa Useful energy demand for water heating, urban households.

CKUH GWa Useful energy demand for cooking, urban households.

ACUHT(I) GWa Useful energy demand for air conditioning in urban dwellings of
type I. I=1,.....,.NUDT

ACUH GWa Useful energy demand for air conditioning, urban households.

ELAPUH GWa Electricity consumption for specific uses in electrified urban
dwellings (i.e. for purposes other than space and water heating,
cooking and air conditioning).

FFLTUH GWa Fossil fuel consumption for lighting and non-electric appliances
(for example, refrigerators using natural gas) in non-electrified
urban dwellings.

USUH GWa Total useful energy demand in urban households.

USEFUL ENERGY DEMAND IN RURAL HOUSEHOLD:
(see worksheet “US_HH_Rr-D” of MAED_D.xls)

TRDW 10° dw Total stock of rural dwellings (assumed to be equal to the number
of rural households).

SHRHT(I) GWa Useful energy demand for space heating in rural dwellings of type
I I=1,......NRDT

SHRH GWa Useful energy demand for space heating, rural households.

HWRH GWa Useful energy demand for water heating, rural households.

CKRH GWa Useful energy demand for cooking, rural households.

ACRHT(I) GWa Useful energy demand for air conditioning in rural dwellings of
typel. 1=1,....,NRDT

ACRH GWa Useful energy demand for air conditioning, rural households.

ELAPRH GWa Electricity consumption for specific uses in electrified rural
dwellings (i.e. for purposes other than space and water heating,
cooking and air conditioning).

FFLTRH GWa Fossil fuel consumption for lighting and non-electric appliances
(for example, refrigerators using natural gas) in non-electrified
rural dwellings.

USRH GWa Total useful energy demand in rural households.
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Table 4.2n List and definition of derived variables of final energy demand in urban household

FINAL ENERGY DEMAND IN URBAN HOUSEHOLD:
(see Tables 16.1 + 16.6 in worksheet “FIN_HH-D” of MAED_D.xIs)

TF.UH.SH
MB.UH.SH
EL.UH.SH
DH.UH.SH
SS.UH.SH
FF.UH.SH
FIN.UH.SH
TF.UH.HW
MB.UH.HW
EL.UH.HW
DH.UH.HW
SS.UH.HW
FF.UH.HW
FIN.UH.HW
TF.UH.CK
MB.UH.CK
EL.UH.CK
SS.UH.CK
FF.UH.CK
FIN.UH.CK
EL.UH.AC
FF.UH.AC
FIN.UH.AC
EL.UH.AP

FF.UH.AP

FIN.UH.AP

TFUH
MBUH
ELUH
DHUH
SSUH
FFUH
FINUH

GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa

GWa

GWa

GWa
GWa
GWa
GWa
GWa
GWa
GWa

Traditional fuel demand for space heating in urban households.
Modern biomass demand for space heating in urban households.
Electricity demand for space heating in urban households.
District heat demand for space heating in urban households.
Soft solar demand for space heating in urban households.
Fossil fuel demand for space heating in urban households.
Final energy demand for space heating in urban households.
Traditional fuel demand for water heating in urban households.
Modern biomass demand for water heating in urban households.
Electricity demand for water heating in urban households.
District heat demand for water heating in urban households.
Soft solar demand for water heating in urban households.
Fossil fuel demand for water heating in urban households.
Final energy demand for water heating in urban households.
Traditional fuel demand for cooking in urban households.
Modern biomass demand for cooking in urban households.
Electricity demand for cooking in urban households.

Soft solar demand for cooking in urban households.

Fossil fuel demand for cooking in urban households.

Final energy demand for cooking in urban households.
Electricity demand for air conditioning in urban households.
Fossil fuel demand for air conditioning in urban households.
Final energy demand for air conditioning in urban households.

Electricity demand for specific uses in electrified urban dwellings
(i.e. for purposes other than space and water heating, cooking and
air conditioning).

Fossil fuel demand for lighting and non-electric appliances (for
example, refrigerators using natural gas) in non-electrified urban
dwellings.

Final energy demand for appliances and lighting in urban
households.

Traditional fuel demand in urban households.
Modern biomass demand in urban households.
Electricity demand in urban households.
District heat demand in urban households.
Soft solar demand in urban households.

Fossil fuel demand in urban households.

Final energy demand in urban households.
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Table 4.20 List and definition of derived variables of final energy demand in
rural household

FINAL ENERGY DEMAND IN RURAL HOUSEHOLD:
(see Tables 16.7 + 16.12 in worksheet “FIN_HH-D” of MAED_D.xIs)

TF.RH.SH GWa Traditional fuel demand for space heating in rural households.

MB.RH.SH GWa Modern biomass demand for space heating in rural households.

EL.RH.SH GWa Electricity demand for space heating in rural households.

DH.RH.SH GWa District heat demand for space heating in rural households.

SS.RH.SH GWa Soft solar demand for space heating in rural households.

FF.RH.SH GWa Fossil fuel demand for space heating in rural households.

FIN.RH.SH GWa Final energy demand for space heating in rural households.

TF.RH.HW GWa Traditional fuel demand for water heating in rural households.

MB.RH.HW GWa Modern biomass demand for water heating in rural households.

EL.RH.HW GWa Electricity demand for water heating in rural households.

DH.RH.HW GWa District heat demand for water heating in rural households.

SS.RH.HW GWa Soft solar demand for water heating in rural households.

FF.RH.HW GWa Fossil fuel demand for water heating in rural households.

FIN.RH.HW GWa Final energy demand for water heating in rural households.

TF.RH.CK GWa Traditional fuel demand for cooking in rural households.

MB.RH.CK GWa Modern biomass demand for cooking in rural households.

EL.RH.CK GWa Electricity demand for cooking in rural households.

SS.RH.CK GWa Soft solar demand for cooking in rural households.

FF.RH.CK GWa Fossil fuel demand for cooking in rural households.

FIN.RH.CK GWa Final energy demand for cooking in rural households.

EL.RH.AC GWa Electricity demand for air conditioning in rural households.

FF.RH.AC GWa Fossil fuel demand for air conditioning in rural households.

FIN.RH.AC GWa Final energy demand for air conditioning in rural households.

EL.RH.AP GWa Electricity demand for specific uses in electrified rural dwellings
(i.e. for purposes other than space and water heating, cooking and
air conditioning).

FF.RH.AP GWa Fossil fuel demand for lighting and non-electric appliances in non-
electrified rural dwellings.

FIN.RH.AP GWa Final energy demand for appliances and lighting in rural
households.

TFRH GWa Traditional fuel demand in rural households.

MBRH GWa Modern biomass demand in rural households.

ELRH GWa Electricity demand in rural households.

DHRH GWa District heat demand in rural households.

SSRH GWa Soft solar demand in rural households.

FFRH GWa Fossil fuel demand in rural households.

FINRH GWa Final energy demand in rural households.
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Table 4.2p List and definition of derived variables of final energy demand in household sector

FINAL ENERGY DEMAND IN HOUSEHOLD SECTOR:
(see Tables 16.13 + 16.18 in worksheet “FIN_HH-D” of MAED_D.xls)

TF.HH.SH
MB.HH.SH
EL.HH.SH
DH.HH.SH
SS.HH.SH
FF.HH.SH
FIN.HH.SH
TF.HH.HW
MB.HH.HW
EL.HH.HW
DH.HH.HW
SS.HH.HW
FF.HH.HW
FIN.HH.HW
TF.HH.CK
MB.HH.CK
EL.HH.CK
SS.HH.CK
FF.HH.CK
FIN.HH.CK
EL.HH.AC
FF.HH.AC
FIN.HH.AC
EL.HH.AP

FF.HH.AP

FIN.HH.AP
TFHH
MBHH
ELHH
DHHH
SSHH
FFHH
FINHH

GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa

GWa

GWa
GWa
GWa
GWa
GWa
GWa
GWa
GWa

Traditional fuel demand for space heating in Household.
Modern biomass demand for space heating in Household.
Electricity demand for space heating in Household.
District heat demand for space heating in Household.
Soft solar demand for space heating in Household.
Fossil fuel demand for space heating in Household.
Final energy demand for space heating in Household.
Traditional fuel demand for water heating in Household.
Modern biomass demand for water heating in Household.
Electricity demand for water heating in Household.
District heat demand for water heating in Household.
Soft solar demand for water heating in Household.
Fossil fuel demand for water heating in Household.
Final energy demand for water heating in Household.
Traditional fuel demand for cooking in Household.
Modern biomass demand for cooking in Household.
Electricity demand for cooking in Household.

Soft solar demand for cooking in Household.

Fossil fuel demand for cooking in Household.

Final energy demand for cooking in Household.
Electricity demand for air conditioning in Household.
Fossil fuel demand for air conditioning in Household.
Final energy demand for air conditioning in Household.

Electricity demand for specific uses in electrified dwellings (i.e. for
purposes other than space and water heating, cooking and air
conditioning).

Fossil fuel demand for lighting and non-electric appliances in non-
electrified dwellings.

Final energy demand for appliances and lighting in Household.
Traditional fuel demand in Household.

Modern biomass demand in Household.

Electricity demand in Household.

District heat demand in Household.

Soft solar demand in Household.

Fossil fuel (substitutable) demand in Household.

Final energy demand in Household.
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Table 4.2q List and definition of derived variables of useful energy demand in service

sector

SERVICE:

USEFUL ENERGY DEMAND IN SERVICE:

(see worksheet “US_SS-D” of MAED D .xls)

LSER 10° empl Number of employees in Service sector.

TAREA 10° sgm Total Service sector floor area.

TARSH 10° sgm Total Service sector floor area where space heating is required.

US.SH.SER GWa Useful energy demand for space heating in Service sector.

US.AC.SER GWa Useful energy demand for air conditioning in the Service sector.

EI.MF.SER kWh/MU Energy intensity of motor fuel use in Service sector.

EI.ELS.SER kWh/MU Energy intensity of electricity specific uses in Service sector.

EI.OTU.SER kWh/MU Energy intensity of other thermal uses (except space heating) in
Service sector.

US.MF.SE(l) GWa Energy demand for motor fuels in subsector | of Service sector.
I=1,....,NSSER

US.MF.SER GWa Energy demand for motor fuels in Service sector.

MFSER

US.ELS.SE(l) GWa Electricity demand for specific uses in subsector | of Service
sector.
=1,....... ,NSSER

US.ELS.SER GWa Electricity demand for specific uses in Service sector.

ELSSER

US.OTU.SE(I) GWa Useful energy demand for other thermal uses (except space
heating) in subsector | of Service sector. [=1,....,NSSER

US.OTU.SER GWa Useful energy demand for other thermal uses (except space
heating) in Service sector.

US.SER GWa Total useful energy demand in Service sector.

112




Table 4.2r List and definition of derived variables of final energy demand in service sector

FINAL ENERGY DEMAND IN SERVICE:
(see worksheet “FIN_SS-D” of MAED_D.xls)

TF.TU.SER

MB.TU.SER

EL.TU.SER

DH.TU.SER

SS.TU.SER

FF.TU.SER

FIN.-TU.SER

EL.AC.SER

FF.AC.SER

FIN.AC.SER

TFSER

MBSER

ELSER

DHSER

SSSER

FFSER

FINSER

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

GWa

Traditional fuel demand for thermal uses in Service sector.
Modern biomass demand for thermal uses in Service sector.
Electricity demand for thermal uses in Service sector.
District heat demand for thermal uses in Service sector.
Soft solar demand for thermal uses in Service sector.
Fossil fuel demand for thermal uses in Service sector.
Final energy demand for thermal uses in Service sector.
Electricity demand for air conditioning in Service sector.
Fossil fuel demand for air conditioning in Service sector.
Final energy demand for air conditioning in Service sector.
Traditional fuel demand in Service sector.

Modern biomass demand in Service sector.

Electricity demand in Service sector.

District heat demand in Service sector.

Soft solar demand in Service sector.

Fossil fuel (substitutable) demand in Service sector.

Final energy demand in Service sector.
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Table 4.2 s List and definition of derived variables of total final energy demand for the
country/region

TOTAL FINAL ENERGY DEMAND FOR THE COUNTRY/REGION:

(see worksheet “FINAL-D” of MAED_D.xls)

TF GWa Grand total, thermal use of traditional fuels.

MB GWa Grand total, thermal use of modern biomass.

ELTU GWa Grand total, thermal use of electricity.

ELNTU GWa Grand total, non-thermal use of electricity.

ELEC GWa Grand total, electricity demand.

DH GWa Grand total, district heat demand.

SS GWa Grand total, solar energy demand.

FF GWa Grand total, thermal use of fossil fuels.

MF GWa Grand total, motor fuel demand.

COALSP GWa Grand total, specific uses of coal.

TFEED GWa Grand total, feedstock demand.

FINEN GWa Grand total, final energy demand.

FINEN.CAP MWh/cap | Per capita total final energy demand.

EI.FIN.GDP kWh/MU Energy intensity of final energy use (i.e. final energy consumption
per monetary unit of GDP).
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5 PRINCIPAL EQUATIONS USED IN THE MAED MODULE 1
5.1 Introduction

This section provides a logical sequence of the calculations performed by the module
MAED D.xls. Some of these equations are trivial but they may help to clarify how the
various scenario parameters affect the results as well as in understanding the MAED D
module. This will also facilitate the process of introducing changes in a future program
version.

In the description which follows, the input variables have been written in bold letters in order
to facilitate their distinction from the derived variables used by the program. Furthermore, an
underline below a derived parameter indicates that its value is not explicitly listed in the
Tables of MAED_ D.xls worksheets. In order to keep this description as compact as possible,
the definitions of various variables given in Section 4 of the manual are generally not repeated
after the related equations. Besides, it is believed that in most cases the meaning of the
variables is often clear by context, as it is illustrated in a few examples.

5.2 Energy units

As the energy intensities for the various energy uses in Agriculture, Construction, Mining,
Manufacturing and Service sectors are expressed in kWh/MU, the specific energy
consumption in Household sector are expressed in kWh/dw/yr or kWh/cap/yr and in Service
sector in kWh/sqm/yr, the straightforward internal energy unit of the MAED D model is
Terawatt-hours (TWh = 10° kWh). All the equations of the model include also a conversion
factor from TWh to the energy unit specified by the user in cell ES0 of the workshhet “Defs”.
As such, the energy consumption/demand can be also expressed in all worksheets of the
model in this unit. The corresponding conversion factor (CF1) from TWh to the unit
specified in cell E50 must be indicated in cell N50 of workshhet “Defs”. Grand totals of final
energy demand for the country/region under study, expressed in that unit are listed in
worksheet “Final-D”. To have the same grand totals converted to another user-desired energy
unit (Mtce, Mtoe, PJ etc.), this new energy unit must be specified by the user in cells L50 and
the corresponding conversion factor from the energy unit from cell ES0 to the new energy unit
in cell M50. The energy demands expressed in this last energy unit are shown in worksheet
“Final Results (User Units)”. A comprehensive set of conversion factors for this purpose is
provided in a separate worksheet “Convs” of the MAED D.xIs file.

5.3 Demographic calculations

In MAED D.xls (see worksheet “Demogr-D”’) the evolution of population as a function of
time is defined exogenously as a scenario parameter. This can be done in two ways: either one
can specify the population size PO for each model year or, alternatively, one can give the
population figure only for the first reference year and provide values of the average annual
growth rate of population, POGR (in % per annum), between all successive model years. In
the former case, MAED D.xIs may be used to calculate POGR and, in the latter case, PO
through the relations:

POGR = {(PO/PO(-1))""™N®)_11 %100
or
PO = PO(-1) *( 1+ (POGR/100))N*®
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where: PO and PO(-1) represent the size of the population in the current and the last previous
model years respectively, POGR is the growth rate of population between the two model
years, and

INCR is the number of years between the current and the last previous model years.

Some other demographic parameters, namely the share of urban population (PURB), the
average household size in urban areas (CAPUH) and in rural areas (CAPRH), the share of
population of age 15-64 in the total population (potential labour force, PLF), the share of
potential labour force actually working (PARTLF) and the fraction of the total population
living in large cities (POPLC) are also defined exogenously in the model. From these are
derived the following parameters which are used in the energy demand calculations of the
Transportation, Household and Service sectors:

- Number of urban households (10°)

UHH = PO =*(PURB/100)/CAPUH

- Share of rural population (%)

PRUR = 100- PURB

- Number of rural households (10°)

RHH = PO *(1-PURB/100)/CAPRH

- Large cities population (10°)

POLC = PO * (POPLC/100)

- Total active labour force (10°)

ALF = PO *(PLF/100)* ( PARTLF/100)

5.4 Macroeconomic calculations

Like the population evolution, the growth of GDP (Gross Domestic Product, Y) is also
defined exogenously as a scenario parameter and is specified in the same two ways, namely
either in terms of the values of Y (in constant currency units of the base year or some other
reference year) for each model year or by specifying the GDP value only for the first
reference year together with the values of the average annual growth rate of GDP, YGR (in %
per annum) between all successive model years. MAED D.xls (see worksheet “GDP-D”) then
calculates YGR in the former case and Y in the latter case, according to the relations:

YGR = {(Y/Y(ED)VNRI_ 115100
and
Y = Y(-1)*(1+(YGR/100))NF®

where: Y and Y(-1) represent the values of the GDP in the current and the last previous model
years respectively, and YGR is the growth rate of GDP between the two model years. Again,
INCR represents the number of years between the current and the last previous model years.
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The changes in the structural composition of GDP by main sectors, as well as the changes in
the structural compositions of main sector value added by sub sectors, over the projection
period are also exogenously defined by the user as a part of the scenario. From these scenario
input parameters the module calculates, for each model year, first the GDP formation by
economic sector, and then the value added by sub sectors of each sector in the following
manner:

GDP (Y) formation by economic sector and subsector (10° monetary units, MU):

YAGR = Y*(PYAGR/100)

(AGRiculture)
YCON = Y=*(PYCON/100)

(CONstruction)
YMIN = Y *(PYMIN/100)

(MINing)
YMAN = Y *(PYMAN/100)

(MANufacturing)
YSER = Y *(PYSER/100)

(SERvice)
YEN = Y *(PYEN/100)

(ENergy)

where: PYAGR, PYCON, PYMIN, PYMAN, PYSER and PYEN are the % shares of GDP
contributed by the respective economic sectors, as specified in worksheet “GDP-D”.

The values added (VA) of the subsectors of Agriculture, Construction, Mining,
Manufacturing and Service are:

YAG() = YAGR * (PVAAG(I)/ 100) I=1,....,NSAGR
(AGRiculture)
YCO() = YCON * (PVACO()/100)
I=1,....,NSCON
(CONstruction)
YMI(D) = YMIN = ( PVAMI()/ 100 )
I=1,.....NSMIN
(MINing)
YMA(I) = YMAN * ( PVAMA() /100 )
I=1,....,NSMAN
(MANufacturing)
YSE(I) = YSER * ( PVASE(I)/ 100 )
I=1,.....,NSSER
(SERvice)

where: PVAAG(I), PVACO(I), PVAMI(I), PVAMA(I) and PVASE(I) are the % shares of value
added of subsector I (as specified in worksheet “GDP-D”) in the respective value added of the main
economic sector, and NSAGR, NSCON, NSMIN, NSMAN and NSSER are the number of subsectors
in each of the main economic sector.

117



Total GDP per capita (MU/CAP):

Y.CAP

Y /PO *1000

Economic sector value added per capita (MU/CAP):

YAGR.CAP

YCON.CAP

YMIN.CAP

YMAN.CAP

YSER.CAP

YEN.CAP

YAGR /PO * 1000

YCON/ PO * 1000

YMIN /PO * 1000

YMAN /PO * 1000

YSER / PO * 1000

YEN /PO * 1000

(AGRiculture)
(CON:istruction)
(MINing)
(MANufacturing)
(SERvice)

(ENergy)

Growth rates of sector/subsector value added, total GDP and per capita GDP (%):

YAGR.GR
YAG.GR(])
YCON.GR
YCO.GR(I)
YMIN.GR
YMLGR(I)
YMAN.GR
YMA.GR(])
YSER.GR
YSE.GR(J)
YEN.GR
Y.GR

Y.CAP.GR

{ (YAGR / YAGR(-1) )"/™CR)_ 11 % 100
{ (YAG(I)/ YAGI)(-1))'"™®I_ 11 % 100
{ (YCON/YCON(-1) ) "/™CR)Y_ 11 % 100
{(YCO®I) / YCO(I)(-1) )" /™R) _ 11 % 100
{ CYMIN / YMIN(-1) )™ _ 13 % 100

{ (YMI(I) / YMI(I)(-1) )"/ ™R _ 13 % 100
{ (YMAN / YMAN(-1) )" /™NR®)_ 13 % 100
{ CYMA(D) / YMA(I)(-1) ) "™ _ 1} % 100
{ (YSER / YSER(-1) )"/™®) _ 13 %100

{ CYSE(I) / YSE(D)(-1) ) ''™R) _ 11 % 100
{ (YEN/YEN(-1))""/™®)_ 11 % 100
(Y /Y (1)) N _ 1y %100

{ (Y.CAP/Y.CAP(-1))"""™®)_ 11 % 100

(AGRiculture)
I=1,.....NSAGR
(CONistruction)
I=1,.....NSCON
(MINing)
I=1,.....NSMIN
(MANufacturing)
I=1,.....NSMAN
(SERvice)
I=1,.....NSSER
(ENergy)

(Total GDP)

(Per capita GDP)

The previous equations are similar to those described earlier in relation with the variables

POGR and YGR.
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5.5 Energy demand calculations

5.5.1 Industry sector

(a) Average energy intensities in Agriculture, Construction, Mining and Manufacturing (see
worksheet “EnInt-D” of MAED D.xls)

Energy intensities of Motor Fuels (MF) use:

ELMF.AGR

ELMF.CON

ELMF.MIN

ELMF.MAN

NSAGR
> (ELMF.AG(I) * PVAAG(I) ) / 100

I=1

> (ELMF.MA(I) * PVAMA(I)) / 100

I1=1

Energy intensities of ELectricity, Specific uses (ELS):

ELELS.AGR

ELELS.CON

ELELS.MIN

ELELS.MAN

NSAGR
> (ELELS.AG(I) * PVAAG(I) ) / 100

I1=1

NSCON
> (ELELS.CO(I) * PVACO(I)) / 100

I=1

NSMIN
> (ELELS.MI(I) * PVAMI(I) ) / 100

1=1

NSMAN
> (ELELS.MA(I) * PVAMA(I) ) / 100

1=1

Energy intensities of Thermal Uses (TU):

ELTU.AGR

ELTU.CON

ELTUMIN

ELTU.MAN

NSAGR
> (ELTU.AG(I) * PVAAG(D) )/ 100

I1=1

NSCON

> (ELTU.CO®) * PVACO(I) ) / 100

> (ELTUMI(I) * PVAMI(I) ) / 100

=1

NSMAN

> (ELTU.MA(I) * PVAMA(I) ) / 100

I=1

(AGRiculture)

(CONstruction)

(MINing)

(MANufacturing)

(AGRiculture)

(CONstruction)

(MINing)

(MANufacturing)

(AGRiculture)

(CONstruction)

(MINing)

(MANufacturing)
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(b) Energy demand of agriculture, construction and mining (ACM)

The demand for motor fuels and for specific uses of electricity (such as lighting, motive
power and electrolysis) is calculated directly in terms of final energy. However, the demand
for thermal energy is first calculated in terms of useful energy and then converted to final
energy based on scenario assumptions about the penetration of alternative energy sources
(traditional fuels, modern biomass, electricity, soft solar and fossil fuels) into this demand
market and their efficiencies (relative to the use of electricity with conventional technologies).

(b.1) Energy demand for motor fuels, electricity (specific uses) and thermal uses
(see worksheets “UsEne-D” and “FIN_ACM” of MAED_D.xls)

Final energy demand for Motor Fuels (MF):

US.MF.AG(I) = ELMF.AG(I) * YAG(I) * CF1 I=1,.....NSAGR
(AGR subsector I)
MFAGR = US.MF.AGR
NSAGR
= ) USMF.AG()
1=1
NSAGR
= Y (ELMF.AG(D) * YAG(]) ) * CF1 (AGR)
=1
US.MF.CO(I) = ELMF.CO(I) * YCO(I) * CF1 I=1,....,NSCON
(CON subsector I)
MFCON = US.MF.CON
NSCON
= > US.MF.CO())
1=1
NSCON
= > (ELMF.CO(I) * YCO(I) ) * CF1 (CON)
=1
US.MF.MI(I) = ELMF.MI(I) * YAG(]) * CF1 I=1,.....NSMIN
(MIN subsector I)
MFMIN = US.MF.MIN
NSMIN
= ) USMF.MI()
1=1
NSMIN
= > (ELMF.MI() * YMI()) * CF1 (MIN)
I=1
MFACM = MFAGR + MFCON + MFMIN (ACM)
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Final energy demand for ELectricity for Specific uses (ELS):

US.ELS.AG(I)

ELSAGR

US.ELS.CO(I)

ELSCON

US.ELS.MI(T)

ELSMIN

ELSACM

ELELS.AG(I) * YAG(]) * CF1

US.ELS.AGR

NSAGR
> USELS.AG()

I=1

NSAGR
> (ELELS.AG() * YAG(I) ) * CF1

I1=1

ELELS.CO(I) * YCO(I) * CF1

US. ELS.CON

NSCON
> US.ELS.CO(I)

I=1

NSCON
> (ELELS.CO(I) * YCO(I) ) * CF1

I1=1

ELELS.MI(I) * YMI(I) * CF1

US.ELS.MIN

NSMIN

> US.ELS.MI()

1=1

NSMIN
> (ELELS.MI(I) * YMI(I) ) * CF1

1=1

ELSAGR + ELSCON + ELSMIN

Useful energy demand for Thermal Uses (TU):

US.TU.AG(I)

US.TU.AGR

US.TU.CO(I)

US.TU.CON

US.TU.MI(T)

ELTU.AG(I) * YAG(]) * CF1

NSAGR

> US.TUAG()

Y ELTU.AG() * YAG(I) ) * CF1

I=1

ELTU.CO(I) * YCO(I) * CF1

NSCON

> US.TU.CO(D)

> (ELTU.CO() * YCO(I) ) * CF1

I=1

ELTU.MI() * YMI(I) * CF1

I=1,.....NSAGR
(AGR subsector I)

(AGR)

I=1,....,NSCON
(CON subsector I)

(CON)

I=1,....,NSMIN
(MIN subsector I)

(MIN)

(ACM)

I=1,.....NSAGR
(AGR subsector I)

(AGR)

I=1,....,.NSCON
(CON subsector I)

(CON)

I=1,.....NSMIN
(MIN subsector I)
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NSMIN

USTUMIN = > US.TUMII)
I=1
NSMIN
= ( ELTU.MI(I) * YMI(I) ) * CF1 (MIN))
I=1
US.TUACM = US.TU.AGR + US.TU.CON + US.TU.MIN (ACM)

In the previous equations, CF1 is the conversion factor from TWh, internal energy unit of the
model, to the energy unit specified in cell ES0 of worksheet “Defs”.

(b.2) Average penetration of alternative energy forms into useful thermal energy for
ACM (%):(see Table 5-4 of worksheet “ACMFac-D” in MAED D.xIs)

In Tables 5-1 to 5-3 of worksheet “ACMFac-D” the particular penetrations of different energy
carriers (traditional fuels, modern biomass, electricity, solar and fossil fuels) into the useful
thermal energy demand market of each sector (Agriculture, Construction and Mining) are
entered. Based on these sector related penetrations and on the share of each sector in the total
market of useful thermal energy demand of the three sectors, the weighted average
penetration of each energy carrier into the market is calculated (Table 5-4) as follows:

Traditional fuels (TF):

TFPACM

TFPAGR * EL.TU.AGR * YAGR

+ TFPCON * EL.TU.CON * YCON

+ TFPMIN * EL.TU.MIN * YMIN )

/ (ELTU.AGR * YAGR + EL.TU.CON * YCON
+ EL.TU.MIN * YMIN )

= (TFPAGR * US.TU.AGR + TFPCON * US.TU.CON
+ TFPMIN * US.TU.MIN )/ US.TU.ACM

Modern biomass (MB):

MBPACM = (MBPAGR * ELTU.AGR * YAGR + MBPCON * ELTU.CON * YCON
+MBPMIN * EL.TU.MIN * YMIN ) /
(ELTU.AGR * YAGR + EL.TU.CON * YCON + ELTU.MIN * YMIN )

= (MBPAGR * US.TU.AGR + MBPCON * US.TU.CON
+ MBPMIN * US.TU.MIN ) / US.TU.ACM

Electricity (EL-conventional):

ELPACM = (ELPAGR * EL.TU.AGR * YAGR
+ ELPCON * ELTU.CON * YCON
+ ELPMIN * EL.TU.MIN * YMIN ) /
( EL.TU.AGR * YAGR + EL.TU.CON * YCON + EL.TU.MIN * YMIN )

= (ELPAGR * US.TU.AGR + ELPCON * US.TU.CON
+ ELPMIN * US.TUMIN )/ US.TU.ACM

Soft solar systems (SS):

SSPACM ( SSPAGR * ELTU.AGR * YAGR + SSPCON * EL.TU.CON * YCON
+ SSPMIN * EL.TU.MIN * YMIN ) /
(ELTU.AGR * YAGR + ELTU.CON * YCON + EL.TU.MIN * YMIN )

= (SSPAGR * US.TU.AGR + SSPCON * US.TU.CON
+ SSPMIN * US.TU.MIN ) / US.TU.ACM
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Fossil fuels (FF):

FFPACM = (FFPAGR * EL.TU.AGR * YAGR + FFPCON * ELTU.CON * YCON
+ FFPMIN * EL.TU.MIN * YMIN )
/ ( ELL.TU.AGR * YAGR + EL.TU.CON * YCON + EL.TU.MIN * YMIN )

= (FFPAGR * US.TU.AGR + FFPCON * US.TU.CON
+ FFPMIN * US.TU.MIN ) / US.TU.ACM

(b.3) Conversion of useful energy demand for thermal uses to final energy demand in
ACM (see worksheet “FIN. ACM” in MAED D.xls)

Agriculture (AGR):
TFAGR = US.TU.AGR * ( TFPAGR/100)/( TFEAGR /100) (traditional fuels)
MBAGR = US.TU.AGR * ( MBPAGR /100 )/( MBEAGR /100) (modern biomass)
ELHAGR = US.TU.AGR * ( ELPAGR/100) (electricity for
thermal uses)
SSAGR = US.TU.AGR * (SSPAGR /100) (soft solar)
FFAGR = US.TU.AGR * ( FFPAGR/100)/( FFEAGR /100 ) (fossil fuels)
Construction (CON):
TFCON = US.TU.CON * ( TFPCON/100)/( TFECON/100) (traditional fuels)
MBCON = US.TU.CON * (MBPCON /100 )/( MBECON /100 ) (modern
biomass)
ELHCON = US.TU.CON * ( ELPCON/100) (electricity for
thermal uses)
SSCON = US.TU.CON = ( SSPCON /100 ) (soft solar)
FFCON = US.TU.CON * ( FFPCON/100)/( FFECON/100) (fossil fuels)
Mining (MIN):
TFMIN = US.TU.MIN * ( TFPMIN /100 ) / ( TFEMIN /100 ) (traditional fuels)
MBMIN = US.TUMIN * ( MBPMIN /100 )/( MBEMIN /100 ) (modern biomass)
ELHMIN = US.TUMIN * ( ELPMIN/ 100 ) (electricity for
thermal uses)
SSMIN = US.TU.MIN * ( SSPMIN /100 ) (soft solar)
FFMIN = US.TUMIN * ( FFPMIN /100 )/ ( FFEMIN /100 ) (fossil fuels)
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(b.4) Final energy demand of Agriculture (AGR)
(see worksheet “FIN_ ACM” in MAED D.xIs)

ELAGR

FINAGR

ELSAGR + ELHAGR

MFAGR + ELAGR + TFAGR + MBAGR
+ SSAGR + FFAGR

Energy form shares in Agriculture total final energy demand (%):

TFAGR.S

MBAGR.S

ELAGR.S

SSAGR.S

FFAGR.S

MFAGR.S

TFAGR / FINAGR = 100

MBAGR / FINAGR * 100

ELAGR / FINAGR * 100

SSAGR / FINAGR * 100

FFAGR / FINAGR * 100

MFAGR / FINAGR * 100

(electricity, total)

(total final energy)

(traditional fuels)
(modern biomass)
(electricity)

(soft solar)

(fossil fuels)

(motor fuels)

Final energy demand per value added (energy intensity) in Agriculture (kWh/MU):

ELTF.AGR

ELMB.AGR

ELEL.AGR

EL.SS.AGR

ELFF.AGR

ELMF.AGR

ELFIN.AGR

(TFAGR / YAGR) / CF1

(MBAGR / YAGR) / CF1

(ELAGR/ YAGR) / CF1
(SSAGR / YAGR) / CF1
(FFAGR/ YAGR) / CF1
(MFAGR / YAGR) / CF1

(FINAGR / YAGR) / CF1

(b.5) Final energy demand of Construction (CON)
(see worksheet “FIN_ ACM” in MAED_D .xls)

ELCON

FINCON

Energy form shares in Construction total final energy demand (%):

ELSCON + ELHCON

MFCON + ELCON + TFCON + MBCON
+ SSCON + FFCON

TFCON.S

MBCON.S
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TFCON / FINCON = 100

MBCON / FINCON * 100

(traditional fuels)

(modern
biomass)

(electricity)
(soft solar)
(fossil fuels)
(motor fuels)

(total final
energy)

(total electricity)

(total final energy)

(traditional fuels)

(modern
biomass)



ELCON.S

SSCON.S

FFCON.S

MFCON.S

ELCON /FINCON =* 100

SSCON / FINCON * 100

FFCON / FINCON =* 100

MFCON / FINCON * 100

(electricity)
(soft solar)
(fossil fuels)

(motor fuels)

Final energy demand per value added (energy intensity) in Construction (kWh/MU):

ELTF.CON

EL.MB.CON

ELEL.CON

ELSS.CON

ELFF.CON

ELMF.CON

ELFIN.CON

(TFCON / YCON) / CF1
(MBCON / YCON) / CF1
(ELCON / YCON) / CF1
(SSCON / YCON) / CF1
(FFCON / YCON) / CF1
(MFCON / YCON) / CF1

(FINCON / YCON) / CF1

(b.6) Final energy demand of Mining (MIN)
(see worksheet “FIN. ACM” in MAED_ D .xls)

ELMIN

FINMIN

ELSMIN + ELHMIN

MFMIN + ELMIN + TFMIN + MBMIN + SSMIN + FFMIN

Energy form shares in Mining total final energy demand (%):

TFMIN.S

MBMIN.S

ELMIN.S

SSMIN.S

FFMIN.S

MFMIN.S

TFMIN / FINMIN * 100

MBMIN / FINMIN * 100

ELMIN / FINMIN * 100

SSMIN / FINMIN * 100

FFMIN / FINMIN * 100

MFMIN / FINMIN * 100

(traditional fuels)
(modern biomass)
(electricity)

(soft solar)

(fossil fuels)
(motor fuels)

(total final energy)

(electricity, total)

(total final energy)

(traditional fuels)
(modern biomass)
(electricity)

(soft solar)

(fossil fuels)

(motor fuels)

Final energy demand per value added (energy intensity) in Mining (kWh/MU):

ELTF.MIN

ELMB.MIN

ELEL.MIN

(TFMIN / YMIN) / CF1
(MBMIN / YMIN) / CF1

(ELMIN / YMIN) / CF1

(traditional fuels)
(modern biomass)

(electricity)
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EL.SS.MIN

ELFF.MIN

ELMF.MIN

ELFIN.MIN

(SSMIN / YMIN) / CF1
(FFMIN / YMIN) / CF1
(MFMIN / YMIN) / CF1

(FINMIN / YMIN) / CF1

(soft solar)
(fossil fuels)
(motor fuels)

(total final energy)

(b.7) Final energy demand of agriculture, construction and mining (ACM)
(see worksheet “FIN_ ACM” in MAED_D.xls)

Total final energy demand by energy form

TFACM

MBACM

ELSACM

ELHACM

ELACM

SSACM

FFACM

MFACM

FINACM

Energy form shares in ACM total final energy demand (%):

TFAGR + TFCON + TFMIN

MBAGR + MBCON + MBMIN

ELSAGR + ELSCON + ELSMIN

ELHAGR + ELHCON + ELHMIN

ELSACM + ELHACM

ELAGR + ELCON + ELMIN

SSAGR + SSCON + SSMIN

FFAGR + FFCON + FFMIN

MFAGR + MFCON + MFMIN

(traditional fuels)
(modern biomass)

(electricity for
specific uses)

(electricity for
thermal uses)
(electricity, total)
(soft solar)
(fossil fuels)

(motor fuels)

MFACM + ELACM + TFACM + MBACM + SSACM + FFACM

FINAGR + FINCON + FINMIN

TFACM.S

MBACM.S

ELACM.S

SSACM.S

FFACM.S

MFACM.

TFACM / FINACM * 100

MBACM / FINACM * 100

ELACM /FINACM = 100

SSACM / FINACM * 100

FFACM / FINACM =* 100

MFACM / FINACM * 100

(total final energy)

(traditional fuels)
(modern biomass)
(electricity)

(soft solar)

(fossil fuels)

(motor fuels)

Final energy demand per value added (energy intensity) in ACM (kWh/MU):

ELTF.ACM
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ELMB.ACM = (MBACM/YACM)/CF1 (modern biomass)
ELEL. ACM = (ELACM/YACM)/CF1 (electricity)
ELSS.ACM = (SSACM/YACM)/CF1 (soft solar)
ELFF.ACM = (FFACM/YACM)/CF1 (fossil fuels)
ELMFACM = (MFACM/YACM)/CF1 (motor fuels)
ELFIN.ACM = (FINACM/YACM)/CF1 (total final energy)

(¢) Energy demand of manufacturing (MAN)

The energy demand of Manufacturing sector is calculated in a similar manner as for ACM
sectors: the demand for motor fuels and for specific uses of electricity (such as lighting,
motive power and electrolysis) are calculated directly in terms of final energy. The demand
for thermal energy is first calculated in terms of useful energy and then converted to final
energy based on scenario assumptions about the penetration of alternative energy sources:
traditional fuels, modern biomass, electricity (conventional and heat pumps), district heat, on-
site cogeneration, soft solar and fossil fuels into this demand market and their efficiencies
(relative to the use of electricity with conventional technologies).

(c.1) Final energy demand for motor fuels, electricity (specific uses) and useful energy

demand for thermal uses
(see worksheet “UsEne-D” and “FIN_Ind-D” of MAED_D.xls)

Manufacturing subsector I:

US.MF.MA(I)= ELMF.MA(I) * YMA(I) * CF1 I=1,.....,NSMAN
(MF)

US.ELS.MA(I)= ELELS.MA(I) * YMA(I) * CF1 I=1,.....NSMAN
(ELS)

US.TUMA()= ELTU.MA(I) * YMA(]) * CF1 I=1,.....NSMAN
(TU)

Manufacturing sector:

MFMAN

US.MF.MAN

NSMAN

> USMF.MA(I)

( ELMF.MA(I) * YMA(I) ) * CF1 (MF)
2

I1=1
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ELSMAN

US.ELS.MAN

NSMAN

= > USELSMA(D

= Y (ELELS.MA(I) * YMA(I) ) * CF1 (ELS)
1=1
NSMAN
USTUMAN = Y USTUMA()
I=1
NSMAN
= > (ELTUMA() * YMA()) * CF1 (TU)

1=1

In order to convert the useful thermal energy demand of the Manufacturing sector into final
energy one needs to take into account the scenario specified assumptions about the
penetration of alternative energy sources into their respective potential markets and their
efficiencies. These potential markets are very broadly defined by three thermal processes
(demand categories), namely:

e steam generation;

e furnace/direct heat (but excluding electrolysis and iron ore reduction by coke which are
accounted for as specific uses);

e space and water heating

Useful thermal energy demand (US) by subsector and by type of use:
(see worksheet “ManFac1-D” of MAED_D.xls)

USMAN(L1) = ELTUMA() * YMA() * ( PUSIND(1,1) / 100 ) * CF1 (For subsector I;
= US.TUMA() * ( PUSIND(L,1) / 100 ) * CF1 steam generation)
USMAN(L,2) = ELTUMA() * YMA() * ( PUSIND(L,2) / 100 ) * CF1
= US.TU.MA() = (PUSIND(L,2) / 100 ) * CF1 (furnace/direct
heat)
USMAN(L3) = ELTUMA() * YMA() * ( PUSIND(L,3) / 100 ) * CF1
= US.TUMA() = ( PUSIND(I,3) / 100 ) * CF1 (space/water
heating)
or, in general:
USMAN(LJ) = ELTUMA() * YMA(I) * ( PUSIND(I,J) / 100 ) * CF1
= US.TUMA() * (PUSIND(L,J) / 100 ) * CF1
where: Manufacturing subsectors: I=1,......NSMAN, and
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Thermal processes: (J=1) Steam generation (STM)
(J=2) Furnace/direct heat (FUR)
(J=3) Space/water heating (SWH)

In the previous equations, CF1 is the conversion factor from TWh to the energy unit specified
in cell ES0 of worksheet “Defs”.

Useful thermal energy demand (US) of Manufacturing by type of application:
(see worksheet “ManFac1-D” of MAED_ D.xls)

US.STM.MAN = USMAN(1)

NSMAN

= z USMAN(L1) (steam generation)
1=1
US.FUR.MAN = USMAN(2)
NSMAN
= z USMAN(,2) (furnace/direct
1=1
heat)

US.SWH.MAN= USMAN(3)

NSMAN
= Z USMAN(,3) (space/water
1=1

heating)

Useful thermal energy demand (US) by subsector of Manufacturing:

USMA(]) = USMAN(,1) + USMAN(I,2) + USMAN(,3) I=1,.....,NSMAN

Total useful thermal energy demand in Manufacturing:

USMAN(4)

US.STM.MAN + US.FUR.MAN + US.SWH.MAN

3
> USMAN()

I1=1

NSMAN

D USMA()

1=1

(c.2) Penetration in market (PM) of alternative energy forms (%)
(see Tables 8-5 and 8-3 in worksheet “ManFac2-D” of MAED_D.xls)

Electricity (EL-conventional):

PMEL(1) = ELPMAN@) *(1—-( HPP.STM.MAN /100)) (steam generation)
PMEL(2) = ELPMAN(2) (furnace/direct
heat)
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PMEL(3) = ELPMANQ) * ( 1 — ( HPP.SWH.MAN/ 100 ))

PMEL(4) = (PMEL(1) * USMAN(1) + PMEL(2) * USMAN(2)
+ PMEL(3) * USMAN(3) ) / USMAN(4)

Electricity (HP-heat pump):

PMHP(1) = ELPMAN() * ( HPP.STM.MAN / 100 )
PMHP(2) =0

PMHP(3) = ELPMANQ) * ( HPP.SWH.MAN / 100 )
PMHP(4) = (PMHP(1) * USMAN(1) + PMHP(2) * USMAN(2)

+ PMHP(3) * USMAN(3) ) / USMAN(4)

District heat (DH):

PMDH(1) = DHP.STM.MAN

PMDH(2) = 0

PMDH(3) = DHP.SWH.MAN

PMDH(4) = (PMDH(1) * USMAN(1) + PMDH(2) * USMAN(2)

+ PMDH(3) * USMAN(3) ) / USMAN(4)

Soft solar systems (SS):

PMSS(1) = SSP.STM.MAN * ( FIDS/ 100 )

PMSS(2) =0

PMSS(3) = SSP.SWH.MAN * ( FIDS / 100)

PMSS(4) = (PMSS(1) * USMAN(1) + PMSS(2) * USMAN(2)

+ PMSS(3) * USMAN(3) ) / USMAN(4)

Cogeneration (within industrial plants) as opposed to cogeneration in
central power plants (CG):

PMCG(l) = CGP.STM.MAN
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heating)
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heat)

(space/water

heating)

(total useful
thermal)

(steam generation)

(furnace/direct
heat)

(space/water
heating)
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thermal)

(steam generation)



( PMCG(1) * USMAN(1) + PMCG(2) * USMAN(2)
+ PMCG(3) * USMAN(3) ) / USMAN(4)

PMCG(2) -0
PMCG(3) = CGP.SWH.MAN
PMCG(4) =

Traditional fuels (TF):

PMTEF(1) = TFPMAN()
PMTF(2) = TFPMANQ)
PMTEF(3) = TFPMANQ)
PMTF(4) =

(PMTF(1) * USMAN(1) + PMTF(2) * USMAN(2)
+ PMTF(3) * USMAN(3) ) / USMAN(4)

Modern biomass (MB):

PMMB(1)

PMMB(2)

PMMB(3)

PMMB(4)

MBPMAN(1)

MBPMAN(2)

MBPMAN(Q3)

( PMMB(1) * USMAN(1) + PMMB(2) * USMAN(2)
+ PMMB(3) * USMAN(3) ) / USMAN(4)

Fossil fuels (FF) (remainder):

PMFF(1)

PMFF(2)

PMFF(3)

PMFF(4)

100 — ( PMEL(1) + PMHP(1) + PMDH(1) + PMSS(1)
+ PMCG(1) + PMTF(1) + PMMB(1) )

100 — ( PMEL(2) + PMHP(2) + PMDH(2) + PMSS(2)
+ PMCG(2) + PMTF(2) + PMMB(2) )

100 — ( PMEL(3) + PMHP(3) + PMDH(3) + PMSS(3)
+ PMCG(3) + PMTF(3) + PMMB(3) )

( PMFF(1) * USMAN(1) + PMFF(2) * USMAN(2)
+ PMFF(3) * USMAN(3) ) / USMAN(4)

(furnace/direct
heat)

(space/water
heating)

(total useful
thermal)

(steam
generation)

(furnace/direct
heat)

(space/water
heating)

(total useful
thermal)

(steam generation)

(furnace/direct
heat)

(space/water
heating)

(total useful
thermal)

(steam generation)

(furnace/direct
heat)

(space/water
heating)

(total useful
thermal)
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(c.3) Average efficiencies of fossil fuels, traditional fuels and modern biomass for thermal
processes (%, relative to electricity):
(see Table 8-2 in worksheet “Man_Fac2-D” of MAED_D.xls)

Fossil fuels (FF):

FFEMAN(4) = USMAN(®4) * PMFF(4) /[ USMAN(1) * PMFF(1) / FFEMAN(1)
+ USMAN(2) * PMFF(2) / FFEMAN(2)
+ USMAN(3) * PMFF(3) / FFEMANQ3) |

Traditional fuels (TF):

If

PMTEF(4) = 0,

then

TFEMAN(4) = (TFEMAN(1)+ TFEMAN(2) + TFEMAN(3))/3

Otherwise

TFEMAN®4) = USMAN(4) * PMTF(4) /[ USMAN(1) * PMTF(1)/ TFEMAN(1)

+ USMAN(2) * PMTF(2) / TFEMAN(2)
+ USMAN(3) * PMTF(3) / TFEMAN(3) ]

Modern biomass (MB):
If

PMMB#4)= 0,

then

MBEMAN(4) = (MBEMAN(1)+ MBEMAN(2)+ MBEMAN(@3))/3

Otherwise

MBEMAN(4) = USMAN(4) * PMMF(4) /[ USMAN(1) * PMMF(1) / MBEMAN(1)

+ USMAN(2) * PMMF(2) / MBEMAN(2)
+ USMAN(3) * PMMF(3) / MBEMAN(3) |

(c.4) Conversion of useful thermal energy to final energy demand
(see worksheet “FIN Ind-D” of MAED D.xls)

Cogeneration (CQ):

COGSTH = USMAN(4) * (PMCG(4)/100)

Modern biomass (MB):

MBMAN = USMAN(4) * PMMB (4) / MBEMAN(4) + COGSTH
+(1+1/HELRAT )/ (EFFCOG / 100 ) * (MBSCOG / 100 )

= USMAN(4) * PMMB(4) / MBEMAN(4) +
(USMAN(4) * [ PMCG(4) /100 1) * (1 + 1/ HELRAT)
/ (EFFCOG / 100 ) * (MBSCOG / 100)

Fossil fuels (FF):

FFMAN — USMAN(®4) * PMFF(4) / FFEMAN(4) + COGSTH
#(1+1/HELRAT )/(EFFCOG /100) * (1 —[ MBSCOG /1001])
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= USMAN(®4) * PMFF(4) / FFEMAN(4) + { USMAN(4)
* PMCG(4) /100 } * (1 + 1/HELRAT )/ ( EFFCOG / 100)
*(1—(MBSCOG /100 ))

Electricity for thermal uses (ELH):

ELHMAN = USMAN(4) * ( PMEL(4) + PMHP(4) / HPEMAN )/ 100
- COGSTH /HELRAT
= USMAN(4) * ( PMEL(4) + PMHP(4) / HPEMAN ) / 100
- (USMAN(4) * (PMCG(4) / 100 ) )/ HELRAT
Traditional fuels (TF):
TFMAN = USMAN(4) * PMTF(4) / TFEMAN(4)
District heating (DH):
DHMAN = USMAN(4) * (PMDH(4)/ 100 )

Soft solar systems (SS):

SSMAN = USMAN(4) * (PMSS(4)/100)
(c.5) Coke use for pig iron production:
(see Table 8-4 in worksheet “Man_Fac2-D” of MAED D.xls)

PSTEEL

CPST(1) + CPST(2) * YMA(1)

COKE PSTEEL * ( BOF /100 ) * (IRONST / 100 )

* (EICOK /1000 ) * CF2 * CF1

where: CF2 is the conversion factor from Mtce to TWh, and CF1 is the conversion factor
from TWh to the energy unit specified in cell ES0 of worksheet “Defs”.

(c.6) Feedstock requirements:
(see Table 8-4 in worksheet “Man_Fac2-D” of MAED D .xls)

PFEED

CFEED(1) + CFEED(2) * YMA(1)

FEED PFEED =* CF3 * CF1

where: CF3 is the conversion factor from Mtoe to TWh, and CF1 is the conversion factor
from TWh to the energy unit specified in cell E50 of worksheet “Defs”.

Note: As the number of subsectors of the Manufacturing sector is a user-defined variable
varying from 1 to 10, the steel production and feedstock requirements of the petrochemical
industry are calculated in the model as a function of the value added by the first
Manufacturing subsector. Therefore, if Manufacturing sector is split in several subsectors, for
seek of consistency the steel-making industry and petrochemical industry must be considered,
from both energy consumption and value added viewpoints, in the first Manufacturing
subsector.
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(c.7) Final energy demand of Manufacturing:
(see worksheet “FIN Ind-D” of MAED D.xls)

Total final energy demand by energy form

In addition to the final energy demands for traditional fuels (TFMAN), modern biomass
(MBMAN), district heat (DHMAN), solar (SSMAN), fossil fuels (FFMAN), motor fuels
(MFMAN), coke (COKE) and feedstock (FEED), previously calculated, the total final energy
demand for electricity and final energy demand for the entire Manufacturing sector are also
determined:

ELMAN = ELSMAN + ELHMAN
= ELSMAN + USMAN(4) * ( PMEL(4) + PMHP(4)
/ HPEMAN )/ 100 - { USMAN(4) *
(PMCG(4)/100) } / HELRAT (electricity)

FINMAN

MFMAN + ELMAN + TFMAN + MBMAN + DHMAN
+ SSMAN + FFMAN + COKE + FEED (total final energy)

Energy form shares in Manufacturing total final energy demand (%):

TFMAN.S = TFMAN/FINMAN * 100 (traditional fuels)
MBMAN.S = MBMAN / FINMAN * 100 (modern biomass)
ELMAN.S = ELMAN /FINMAN * 100 (electricity)
DHMAN.S = DHMAN /FINMAN * 100 (district heat)
SSMAN.S = SSMAN/FINMAN = 100 (soft solar)
FFMAN.S = FFMAN /FINMAN * 100 (fossil fuels)
MFMAN.S = MFMAN / FINMAN * 100 (motor fuels)
COKEMAN.S = COKE/FINMAN =* 100 (coke)
FEEDMAN.S = FEED/FINMAN * 100 (feedstock)

Final energy demand per value added (energy intensity) in Manufacturing (kWh/MU):

ELTFMAN = (FMAN/YMAN)/CF1 (traditional fuels)
ELMB.MAN = (MBMAN/YMAN)/CF1 (modern biomass)
ELELMAN = (ELMAN/YMAN)/CF1 (electricity)
ELDH.MAN = (DHMAN/YMAN)/CF1 (district heat)
ELSSMAN = (SSMAN/YMAN)/CF1 (soft solar)
ELFFMAN = (FFMAN/YMAN)/CF1 (fossil fuels)
ELMF.MAN = (MFMAN/YMAN)/CF1 (motor fuels)

134



EL.COKE.MAN=

ELFEED.MAN

ELFIN.MAN

(COKE / YMAN) / CF1
(FEED / YMAN) / CF1

(FINMAN / YMAN) / CF1

(d) Industry sector totals

(see worksheets “US_Ene-D” and “FIN Ind-D” in MAED_D.xls)

Total final energy demand by energy form

TFIND =

MBIND

ELSIND

ELHIND

ELIND =

DHIND =

SSIND =

FFIND =

MFIND =

FININD =

TFACM + TFMAN

MBACM + MBMAN

ELSACM + ELSMAN

ELHACM + ELHMAN

ELACM + ELMAN

ELSIND + ELHIND

DHMAN

SSACM + SSMAN

FFACM + FFMAN

MFACM + MFMAN

TFIND + MBIND + ELIND + DHMAN + SSIND
+ FFIND + MFIND + COKE + FEED

Energy form shares in Industry total final enerey demand (%):

TFIND.S

MBIND.S

ELIND.S

DHIND.S

SSIND.S

FFIND.S

MFIND.S

COKEIND.S

FEEDIND.S

TFIND / FININD * 100

MBIND / FININD * 100

ELIND / FININD * 100

DHIND / FININD = 100

SSIND / FININD * 100

FFIND / FININD * 100

MFIND / FININD * 100

COKE / FININD * 100

FEED / FININD =* 100

(coke)
(feedstock)

(total final energy)

(traditional fuels)
(modern biomass)

(electricity for
specific uses)

(electricity for
thermal uses)

(electricity, total)
(district heat)
(soft solar)
(fossil fuels)

(motor fuels)

(total final energy)

(traditional fuels)
(modern biomass)
(electricity)
(district heat)
(soft solar)

(fossil fuels)
(motor fuels)
(coke)

(feedstock)

135



Final energy demand per value added (energy intensity) in Industry (kWh/MU):

ELTF.IND

ELMB.IND

ELEL.IND

ELLDH.IND

ELSS.IND

ELFF.IND

ELMF.IND

EL.COKE.IND

ELFEED.IND

ELFIN.IND

(TFIND / ( YAGR + YCON + YMIN + YMAN))
/ CF1

MBIND / ( YAGR + YCON + YMIN + YMAN )
/ CF1

(ELIND / ( YAGR + YCON + YMIN + YMAN ))
/ CF1

(DHIND / ( YAGR + YCON + YMIN + YMAN ))
/ CF1

(SSIND / ( YAGR + YCON + YMIN + YMAN))
/ CF1

(FFIND / ( YAGR + YCON + YMIN + YMAN))
/ CF1

(MFIND / ( YAGR + YCON + YMIN + YMAN))
/ CF1

(COKE / ( YAGR + YCON + YMIN + YMAN ))
/ CF1

(FEED/ ( YAGR + YCON + YMIN + YMAN ))
/ CF1

(FININD / ( YAGR + YCON + YMIN + YMAN ))
/ CF1

5.5.2 Transportation Sector

(a) Freight transportation (FT):
(see worksheet “FrTrp-D” of MAED D.xls )

Total ton-kilometers ( 10° t-km):

TKFT
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NSAGR
CKFT+ ) (CTKFT(I) * YAG(D))
1=1
NSCON
+ > (CTKFT(NSAGR+I) * YCO(I) )
I=1
NSMIN

+ Y. (CTKFT(NSAGR+NSCON+I) * YMI())

=1
NSMAN

+ > (CTKFT(NSAGR+NSCON+NSMIN+I) * YMA() )

1=1
NSSER

(traditional fuels)

(modern biomass)

(electricity)

(district heat)

(soft solar)

(fossil fuels)

(motor fuels)

(coke)

(feedstock)

(total final energy)

+ > ( CTKFT(NSAGR+NSCON+NSMIN+NSMAN+I) * YSE(I) )

I1=1

+ CTKFT(NSAGR+NSCON-+NSMIN+NSMAN+NSSER+1) * YEN



Distribution by transportation mode ( 10° t-km):

TKFTM(I) = TKFT * (SFTM()/100) I=1,.......NMFT

Energy intensity in units of kWh / 100 ton-kilometers:

Each freight transportation mode has assigned a fuel code number and a specific energy
consumption (energy intensity) expressed in a natural unit chosen by the user. Each fuel has
assigned a conversion factor from the natural unit for the energy intensity to kWh per 100 ton-
kilometers. The following equation converts the energy intensity of freight transportation
mode I from selected natural unit per 100 ton-kilometers to kWh/100tkm, taking into
consideration the fuel used by each particular transportation mode.

FTMEI(T) = EIFTM(I) * CFFT(FCFT(I)) I=1,.......NMFT

Energy consumption by mode:

ECFTM(])

TKFTM(I) * FTMEI(I) / 100 * CF1

TKFT * ( SFTM(I) / 100 ) * FTMEI(I) / 100 * CF1 I=1,.......NMFT

where: CF1 is the conversion factor from TWh to the energy unit specified in cell ES0 of
worksheet “Defs”.

Energy consumption by fuel

Summing up only the FT modes using electricity:

ECFTF(1) TELFT

NMFT
> ECFTM(D)

I=1;(FCFT(I)=1)

Summing up only the FT modes using steam coal:

ECFTF(2) TSCFT

NMFT
> ECFTM()

I=1;(FCFT(I)=2)

Summing up only the FT modes using diesel oil)

TDIFT

NMFT

ECFTF(3)

ECFTM(I)

I=1;(FCFT(I)=3)

Summing up only the FT modes using gasoline:

TGAFT

NMFT
> ECFTM(D)

I=1;(FCFT(I)=4)

ECFTF(4)
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Summing up only the FT modes using fuel no. 5:

ECFTF(5) = TFSFT

NMFT
= > ECFTM()

I=1;(FCFT(I)=5)
Summing up only the FT modes using fuel no. 6:

ECFTF(6) TF6FT

NMFT
> ECFTM()

I=1;(FCFT(I)=6)

Summing up only the FT modes using fuel no. 7:
ECFTF(7) = TF7FT

NMFT
= > ECFTM(D)

I=1;(FCFT(I)=7)
Summing up only the FT modes using fuel no. 8:
ECFTF(8) = TF8FT

NMFT
= > ECFTM()
I=1;(FCFT(I)=8)
or, in general (total energy consumption of FT modes using fuel no. J):

NMFT

ECFTF(®J) = Z ECFTM(I) J=1, ,NTF
I=1(FCFT(I)=J)
TMFFT = TDIFT + TGAFT + TF5FT + TF6FT + TF7FT + TF8FT
NTF
= z ECFTF(Q) (total motor
J=3
fuels)

Total final energy demand of freight transportation subsector:

NMFT
> ECFTM(D)

I=1

TENFT

NTF
> ECFTF()

J=1

TELFT + TSCFT + TMFFT
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(b) Passenger transportation

(b.1) Passenger, urban (or intracity)
(see worksheet “PassIntra-D” of MAED_D.xls)

Total passenger-kilometers, urban (intracity) traffic ( 10° p-km):

PKU = (DU =*365)* (POLC/1000)
(DU *365) * (POPLC/100) * (PO /1000 ) (urban
transport demand)

Distribution by transportation mode ( 10° p-km):

PKUTM(I) = PKU *(SUTM()/100) I=1,.......NMUT

Energy intensity in units of kWh / passenger-kilometer:

Each passenger intracity transportation mode has assigned a fuel code number and a specific
energy consumption (energy intensity) expressed in a natural unit chosen by the user per 100
kilometers. Each fuel has assigned a conversion factor from the natural unit for the energy
intensity to kWh per passenger-kilometer. The following equation converts the energy
intensity of urban transportation mode I from selected natural unit per 100 kilometers to
kWh/pkm, taking into consideration the fuel used by and the load factor of each particular
transportation mode.

UTMELI) = EIUTM() * CFPT(FCUT(I)) / 100 / LFUTM(I) I=1,...NMUT

Energy consumption by mode:

ECUTM(I) = PKUTM() * UTMEI() * CF1 I=1,.......NMUT

where: CF1 is the conversion factor from TWh to the energy unit specified in cell E50 of
worksheet “Defs”.

Energy consumption by fuel

Summing up only the urban PT modes using electricity:

ECUTF(1) = TELUT
NMUT

= > ECUTM()
I=1;(FCUT(I)=1)

Steam coal is not a valid fuel for urban PT in MAED D model:

ECUTF(2) = TSCUT
-0

Summing up only the transportation modes using diesel oil:

ECUTF(3)

TDIUT

NMUT
> ECUTM()

I=1;(FCUT (I)=3)
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Summing up only the urban PT modes using gasoline:

ECUTF(4) TGAUT

NMUT

ECUTM(I)

I=1;(FCUT(1)=4)

Summing up only the urban PT modes using fuel no. 5:

ECUTF(5) TF5UT

NMUT
> ECUTM(D

I=13(FCUT (1)=5)

Summing up only the urban PT modes using fuel no. 6:

ECUTEF(6)

TF6UT

NMUT
> ECUTM(D

I=1;(FCUT (I)=6)

Summing up only the urban PT modes using fuel no. 7:

ECUTF(7)

TF7UT

NMUT

ECUTM(I)

I=1;(FCUT(1)=T)

Summing up only the urban PT modes using fuel no. 8:

ECUTF(8) TFSUT

NMUT
> ECUTM()

I=1;(FCUT (I)=8)

or, in general (total energy consumption of urban transportation modes using fuel no. J):

NMUT

ECUTF(®) = Z ECUTM()) J=1,....NTF
I=1;(FCUT(I)=J)
TMFUT = TDIUT + TGAUT + TF5UT + TF6UT + TF7UT + TF8UT
NTF
= z ECUTEF(Q)) (total motor fuels)
J=3

Total final energy demand of urban (intracity) transportation subsector:

NMUT

> ECUTM(D)
1=1

NTF

> ECUTF(J)
J=1

TELUT + TMFUT

TENUT
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(b.2) Passenger, intercity
(see worksheet “PassInter-D” of MAED D.xls)

Total passenger-kilometers, intercity traffic ( 10° p-km):

PKI = PO = DI/ 1000

Out of which:

PKIC = (PO/CO) *DIC = LFCIT / 1000 (by car)

PKIP = PKI-PKIC (by public modes)

Distribution by car type ( 10° p-km):

PKICT(I) = PKIC * (SITC(I)/ 100) I=1,... NCTIT
Distribution by public transportation mode (10° p-km):

PKIPM(]) = PKIP * ( SITM(I)/ 100) I=1,....NMIT -
NCTIT

Energy intensity in units of kWh / passenger-kilometer:

Each passenger intercity transportation mode has assigned a fuel code number and a specific
energy consumption (energy intensity) expressed in a natural unit chosen by the user per 100
kilometers (except air planes, for which the energy intensity is expressed in natural units per
1000 seat-kilometers). Each fuel has assigned a conversion factor from the natural unit for the
energy intensity to kWh per passenger-kilometers. The following equations convert the
energy intensity of intercity transportation mode I from selected natural unit per 100
kilometers (or 1000 seat-kilometers, in the case of air planes) to kWh/pkm, taking into
consideration the fuel used by and the load factor of each particular transportation mode.

ITMEI(1) EIITM(1) / 1000 * CFPT(FCIT(1)) / (LFITM(1)/ 100) (air plane)

ITMEIL(])

EIITM() / 100 * CFPT(FCIT(I)) / LFITM(I) I=2,....,.NMIT
(other modes)

Energy consumption by mode:

ECITM(I) = PKITM(I) * ITMEI(I) * CF1 I=1,.......NMIT

where: CF1 is the conversion factor from TWh to the energy unit specified in cell ES0 of
worksheet “Defs”.

Energy consumption by fuel:

Summing up only the intercity PT modes using electricity:

ECITF(1)

TELIT

NMIT

ECITM(])

I=1;(FCIT(I)=1)
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Summing up only the intercity PT modes using steam coal:

ECITF(2) = TSCIT

NMIT
= > ECITM()
I=1;(FCIT(1)=2)

Summing up only the intercity PT modes using diesel:

ECITF(3)

TDIT

NMIT
> ECITM(D)

I=1;(FCIT(I)=3)

Summing up only the intercity PT modes using gasoline:

ECITF(4)

TGAIT

NMIT

ECITM(])

I=1;(FCIT(I)=4)

Summing up only the intercity PT modes using fuel no. 5:

ECITF(5) TFSIT

NMIT
> ECITM(D)

I=1;(FCIT(I)=5)

Summing up only the intercity PT modes using fuel no. 6:

ECITF(6) TF6IT

NMIT
> ECITM()

I=1;(FCIT(I)=6)

Summing up only the intercity PT modes using fuel no. 7:

ECITF(7) TF7IT

NMIT

ECITM(])

I=1;(FCIT(1)=T)
Summing up only the intercity PT modes using fuel no. 8:

ECITF(8)

TF8IT

NMIT
> ECITM(D)

I=1;(FCIT(I)=8)
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or, in general total energy consumption of intercity PT modes using fuel no. J:

NMIT

ECITF(J) = > ECITM() J=1,....NTF
I=1,(FCIT(1)=J)
TMFIT = TDIT + TGAIT + TF5IT + TF6IT + TF7IT + TF8IT
NTF
= Z ECITE(J) (total motor fuels)
J=3

Total final energy demand of intercity passenger transportation sub-sector:

NMIT
> ECITM()

I=1

TENIT

NTF

> ECITF(J)

J=1

TELIT + TSCIT + TMFIT
(b.3) International and military transportation (Miscellaneous), demand for motor fuels
TMFMIS = CMFMIS(1) + CMFMIS(2) * Y * CF1

where: CF1 is the conversion factor from TWh to the energy unit specified in cell ES0 of
worksheet “Defs”.

(b.4) Passenger (including International and military) transportation totals

TELPT = TELUT + TELIT (electricity)
TSCPT = TSCIT (steam coal)
TMFPT = TMFUT + TMFIT + TMFMIS (motor fuels)
TENPT = TELPT + TSCPT + TMFPT (total final energy)

(¢) Transportation sector totals
(see worksheet “FIN_Trp-D” of MAED D.xIs)

Final energy demand by fuel:

ECTRF(1) = TELTR
TELFT + TELUT + TELIT
= TELFT + TELPT (electricity)

ECTRF(2) = TSCTR
TSCFT + TSCIT
= TSCFT + TSCPT (steam coal)

Note: Steam coal is not a valid fuel for urban passenger transportation in MAED D model
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ECTRF(3) =

ECTRF(4) =

ECTRF(5) =

ECTRF(6) =

ECTRF(7) =

ECTRF(8) =

or, in general:

ECTRF())

Motor fuels for international and military transportation:

TDITR
TDIFT + TDIUT + TDIIT

TGATR
TGAFT + TGAUT + TGAIT

TF5TR
TFSFT + TFSUT + TFSIT

TF6TR
TF6FT + TF6UT + TF6IT

TF7TR
TF7FT + TF7UT + TF71T

TF8TR
TF8FT + TFSUT + TF8IT

ECFTF(J) + ECUTF(J) + ECITF(J)

ECTRF(NTF+1)= TMFMIS

FINTR =

NTF +1
> ECTRF()

J=1

Fuel shares in Transportation sector totals (%):

ECTRF.S(J) =

ECTRF(J) / FINTR * 100

Final energy demand by fuel group:

The demands for electricity (TELTR) and steam coal (TSCTR) are
calculated, while the total demand for motor fuels is:

TMFTR =

Fuel group shares in Transportation sector totals (%):

NTF +1
> ECTRF())

J=3

TELTR.S

TSCTR.S

TMFTR.S

Sub sector shares in Transportation sector totals (%):

TELTR / FINTR * 100

TSCTR / FINTR * 100

TMFTR / FINTR * 100

TENFT.S

TENUT.S
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TENFT / FINTR * 100

TENUT / FINTR * 100

(diesel oil)

(gasoline)

(fuel no. 5)

(fuel no. 6)

(fuel no. 7)

(fuel no. 8)

(total final energy)

=l ,NTF+1

those previously

(electricity)
(steam coal)

(motor fuels)

(freight)

(passenger, urban)



TENIT.S = TENIT / FINTR * 100 (passenger,
intercity)

TMFMIS.S = TMFMIS /FINTR * 100 (international and
military)

5.5.3 Household Sector
(a) Urban households
(a.1) Total number of urban dwellings (10%

The number of urban dwellings is assumed to be equal to the number of urban households
calculated in section 5.3 (Demographic Calculations).

TUDW = UHH

PO * (PURB /100 )/ CAPUH

(a.2) Useful energy demand for different categories of end-use
(see Table 14.4 in worksheet “US HH Ur-D” of MAED D .xls)

Space heating (SH):

SHUHT(I) = TUDW *( UDWSH /100) * { (UDW(I)/ 100 ) * UDWS(I)
* (UAREAH(I) / 100 ) * UK(I) }
* UDD * 24 / 1000000 * CF1 I=1,.....NUDT
(urban dwelling
type 1)
NUDT
SHUH = ) SHUHT()) (total urban
I=1
dwellings)
Hot water (HW):
HWUH = TUDW = CAPUH * ( UDWHW /100 ) * UHWCAP * ( CF1/1000)
Cooking (CK):
CKUH = TUDW * CKUDW * ( CF1/1000)
Air conditioning (AC):
ACUHT() = TUDW * { (UDW()/ 100 ) * (UDWAC() / 100 )
* UACDW() }* (CF1/1000) I=1,....,NUDT
(urban dwelling
type 1)
NUDT
ACUH = Y. ACUHT() (total urban
I=1
dwellings)
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Specific electricity uses (appliances) - final energy (AP):

ELAPUH =

TUDW # ( ELPU / 100 ) * ELAPUDW * ( CF1/ 1000 )

Fossil fuels for lighting in non-electrified dwellings - final energy (LT):

FFLTUH =

TUDW =* (1-ELPU/100) * FFLTUDW * ( CF1/ 1000 )

Subtotal, Urban households:

USUH =

SHUH + HWUH + CKUH + ACUH + ELAPUH + FFLTUH

In the previous equations, CF1 is the conversion factor from TWh to the energy unit specified
in cell ES0 of worksheet “Defs”.

(a.3) Conversion of useful energy to final energy demand in Urban households

(see Tables 16.1 to 16.6 in worksheet “FIN. HH-D” of MAED D.xls )

Space heating (SH):
TF.UHSH = SHUH *( TFP.UH.SH/100)/( TFE.UH.SH / 100 )
MB.UH.SH = SHUH *( MBP.UH.SH/ 100)/( MBE.UH.SH / 100 )
EL.UH.SH = SHUH *(ELP.UH.SH/100)* (1—( HPP.UH.SH/100)
%(1-1/HPE.UH.SH))
DH.UH.SH = SHUH * ( DHP.UH.SH / 100 )
SS.UH.SH = SHUH * ( SSP.UH.SH /100 ) * ( FDS.UH.SH / 100 )
FF.UHSH = SHUH * { ( FFP.UH.SH /100 )+ ( SSP.UH.SH / 100)
*(1-FDS.UH.SH/100) }/ ( FFE.UH.SH / 100 )
FINUH.SH = TF.UH.SH + MB.UH.SH + EL.UH.SH + DH.UH.SH
+ SS.UH.SH + FF.UH.SH
Hot water (HW):
TF.UHHW = HWUH * ( TFP.UH.HW /100 )
/ ( TFE.UH.HW / 100 )
MB.UH.HW = HWUH * (MBP.UH.HW / 100 )/ ( MBE.UH.HW / 100)
EL.UHHW = HWUH * ( ELP.UH.HW /100)
*(1—(HPP.UH.HW/ 100)
#(1-1/HPE.UHHW ))
DH.UHHW = HWUH *( DHP.UH.HW /100)
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(modern biomass)

(electricity)
(district heat)

(soft solar)

(fossil fuels)

(total)

(traditional fuels)

(modern biomass)

(electricity)

(district heat)



SS.UH.HW = HWUH * ( SSP.UH.HW /100 )
* (FDS.UH.HW / 100 )
FF.UHHW = HWUH * { (FFP.UH.HW/ 100)
+ ( SSP.UH.HW /100 )
*(1-FDS.UH.HW/ 100) }/ (FFE.UH.HW / 100)
FINNUH.HW = TF.UH.HW + MB.UH.HW + EL.UH.HW
+ DH.UH.HW + SS.UH.HW + FF.UH.HW
Cooking (CK):
TF.UH.CK = CKUH * ( TFP.UH.CK/ 100)
/ ( TFE.UH.CK/ 100)
MB.UH.CK = CKUH * ( MBP.UH.CK /100)
/ (MBE.UH.CK /100 )
EL.UH.CK = CKUH * ( ELP.UH.CK/ 100 )
SS.UH.CK = CKUH * ( SSP.UH.CK / 100 )
+ (FDS.UH.CK / 100)
FF.UH.CK = CKUH * { (FFP.UH.CK/100)
+ ( SSP.UH.CK / 100)
% (1-FDS.UH.CK / 100) }/ ( FFE.UH.CK / 100 )
FIN.UH.CK = TF.UH.CK + MB.UH CK + EL.UH.CK
+ SS.UH.CK + FF.UH.CK
Air conditioning (AC):
EL.UH.AC = ACUH * ( ELP.UH.AC/ 100 )/ELE.UH.AC
FF.UH.AC = ACUH * ( FFP.UH.AC /100 )/ FFE.UH.AC
FIN.UH.AC = EL.UH.AC + FF.UH.AC

Appliances and lighting:

EL.UH.AP

FF.UH.AP

FIN.UH.AP

ELAPUH

FFLTUH

EL.UH.AP + FF.UH.LT

(a.4) Total final energy in Urban Household

TFUH =

MBUH

ELUH

TF.UH.SH + TF.UH.HW + TF.UH.CK

MB.UH.SH + MB.UH.HW + MB.UH.CK

EL.UH.SH + EL.UH.HW + EL.UH.CK + EL.UH.AC
+ ELAPUH

(soft solar)

(fossil fuels)

(total)

(traditional fuels)

(modern biomass)

(electricity)

(soft solar)

(fossil fuels)

(total)

(electricity)
(fossil fuels)

(total)

(electricity)
(fossil fuels)

(total)

(traditional fuels)

(modern biomass)

(electricity)
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DHUH = DH.UH.SH + DH.UH.HW (district heat)
SSUH = SS.UH.SH + SS.UH.HW + SS.UH.CK (soft solar)
FFUH = FF.UH.SH + FF.UH.HW + FF.UH.CK + FF.UH.AC

+ FFLTUH (fossil fuels)
FINUH = TFUH + MBUH + ELUH + DHUH + SSUH + FFUH (total final energy)

(b) Rural households
(b.1) Total number of rural dwellings ( 106)

The number of rural dwellings is assumed to be equal to the number of rural households
calculated in section 5.3 (Demographic Calculations).

TRDW = RHH

PO * (PRUR/ 100 ) / CAPRH

(b.2) Useful energy demand for different categories of end-use
(see Table 15.4 in worksheet “US _HH Rr-D” of MAED D.xls)

Space heating (SH):
SHRHT(I) = TRDW * (RDWSH/100) * { (RDW()/ 100 ) * RDWS(I)
* (RAREAH(I) / 100 ) * RK(I) }* RDD * 24 / 1000000 * CF1
I=1,.... . NRDT
(rural dwelling
type 1)
NRDT
SHRH = > SHRHT() (total rural
1=1
dwellings)
Hot water (HW):
HWRH = TRDW * CAPRH * ( RDWHW /100 ) * RHWCAP * ( CF1/1000)
Cooking (CK):
CKRH = TRDW * CKRDW * ( CF1/1000)
Air conditioning (AC):
ACRHT(I) = TRDW * { (RDW(I)/ 100 ) * (RDWAC(I) / 100 )
* RACDW(I) } * (CF1/1000) I=1,.....NRDT
(rural dwelling
type )
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ACRH =

NRDT
> ACRHT()

=1

Electricity specific uses (appliances) - final energy (AP):

ELAPRH =

Fossil fuels for lighting in non-electrified dwellings - final energy (LT):

TRDW * ( ELPR/ 100 ) * ELAPRDW = ( CF1/1000 )

FFLTRH =

TRDW * (1 - ELPR/ 100 ) * FELTRDW * ( CF1/ 1000 )

Subtotal, Rural households:

USRH =

SHRH + HWRH + CKRH + ACRH + ELAPRH + FFLTRH

(total rural

dwellings)

In the previous equations, CF1 is the conversion factor from TWh to the energy unit specified
in cell E5S0 of worksheet “Defs”.

(b.3) Conversion of useful energy to final energy demand in Rural households
(see Tables 16.7 + 16.12 in worksheet “FIN_ HH-D” of MAED D.xls )

Space heating (SH):
TFRH.SH = SHRH#*(TFP.RH.SH/100)/( TFE.RH.SH/100)
MB.RH.SH = SHRH *( MBP.RH.SH/100)/( MBE.RH.SH /100)
EL.RH.SH = SHRH = ( ELP.RH.SH/ 100)
#(1—(HPP.RH.SH/100)*(1-1/HPE.RH.SH))
DH.RH.SH = SHRH * ( DHP.RH.SH /100 )
SSRH.SH = SHRH *(SSP.RH.SH/ 100 ) * ( FDS.RH.SH /100 )
FF.RH.SH = SHRH * { (FFP.RH.SH /100 )+ ( SSP.RH.SH /100 )
#(1-FDS.RH.SH/100)} /( FFE.RH.SH /100 )
FIN.RH.SH = TF.RH.SH + MB.RH.SH + EL.RH.SH + DH.RH.SH
+ SS.RH.SH + FF.RH.SH
Hot water (HW):
TF.RH.HW = HWRH * ( TFP.RH.HW /100 )
/ ( TFE.RH.HW / 100 )
MB.RHHW = HWRH * ( MBP.RH.HW /100 )
/ ( MBE.RH.HW / 100 )
EL.RHHW = HWRH * ( ELP.RH.HW /100 ) *

(1—(HPP.RH.HW /100) * (1 -1/HPE.RH.HW ))

(traditional fuels)

(modern biomass)

(electricity)
(district heat)

(soft solar)

(fossil fuels)

(total)

(traditional fuels)

(modern biomass)

(electricity)
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DHRHHW = HWRH * ( DHP.RH.HW /100)
SS.RH.HW = HWRH * ( SSP.RH.HW /100 )
* (FDS.RH.HW / 100 )
FFRHHW = HWRH * { (FFP.RH.HW /100) + ( SSP.RH.HW / 100 )
+(1-FDS.RHLHW/100)}
/ (FFE.RH.HW / 100 )
FINNRHHW = TF.RH.HW + MB.RH.HW + EL.RH.HW
+ DH.RH.HW + SS.RH.HW + FF.RH.HW
Cooking (CK):
TFRH.CK = CKUH *(TFP.RH.CK/100)/( TFE.RH.CK /100)
MB.RH.CK = CKUH * ( MBP.RH.CK /100)/( MBE.RH.CK / 100)
EL.RH.CK = CKUH * ( ELP.RH.CK/ 100)
SS.RH.CK = CKUH * ( SSP.RH.CK /100 ) * ( FDS.RH.CK / 100 )
FF.RH.CK = CKUH * { ( FFP.RH.CK /100 )+ ( SSP.RH.CK/ 100)
*(1-FDS.RH.CK/100)} /( FFE.RH.CK/ 100)
FIN.RH.CK = TF.RH.CK + MB.RH CK + EL.RH.CK + SS.RH.CK
+ FF.RH.CK
Air conditioning (AC):
EL.RH.AC = ACRH * ( ELP.RH.AC/100)/ ELE.RH.AC
FF.RH.AC = ACRH * ( FFP.RH.AC/ 100 )/ FFE.RH.AC
FIN.RH.AC = EL.RH.AC + FF.RH.AC

Appliances and lighting:

EL.RH.AP

FF.RH.AP

FIN.RH.AP

ELAPRH

FFLTRH

EL.RH.AP + FF.RH.LT

(b.4) Total final energy in Rural Household

TFRH =
MBRH =

ELRH =

DHRH =
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TF.RH.SH + TF.RH.HW + TF.RH.CK

MB.RH.SH + MB.RH.HW + MB.RH.CK

EL.RH.SH + EL.RH.HW + EL.RH.CK
+ EL.RH.AC + ELAPRH
DH.RH.SH + DH.RH.HW

(district heat)

(soft solar)

(fossil fuels)

(total)

(traditional fuels)
(modern biomass)
(electricity)

(soft solar)

(fossil fuels)

(total)

(electricity)
(fossil fuels)

(total)

(electricity)
(fossil fuels)

(total)

(traditional fuels)

(modern biomass)

(electricity)
(district heat)



SSRH

FFRH

FINRH =

SS.RH.SH + SS.RH.HW + SS.RH.CK

FF.RH.SH + FF.RH.HW + FF.RH.CK
+ FF.RH.AC + FFLTRH
TFRH + MBRH + ELRH + DHRH + SSRH + FFRH

(c) Final energy demand of Household sector (urban + rural)
(see Tables 16.13 to 16.18 in worksheet “FIN_ HH-D” of MAED D.xIs )

Space heating (SH):
TF.HH.SH = TF.UH.SH + TF.RH.SH
MB.HH.SH = MB.UH.SH + MB.RH.SH
EL.HH.SH = EL.UH.SH + EL.RH.SH
DH.HH.SH = DH.UH.SH + DH.RH.SH
SS.HH.SH = SS.UH.SH + SS.RH.SH
FF.HH.SH = FF.UH.SH + FF.RH.SH
FINHH.SH = TF.HH.SH + MB.HH.SH + EL.HH.SH + DH.HH.SH
+ SS.HH.SH + FF.HH.SH
= FIN.UH.SH + FIN.RH.SH
Hot water (HW):
TF.HH.HW = TF.UH.HW + TF.RH.HW
MB.HH.HW = MB.UH.HW + MB.RH.HW
ELHH.HW = EL.UH.HW + EL.RH.HW
DHHHHW = DH.UH.HW + DH.RH.HW
SS.HH.HW = SS.UH.HW + SS.RH.HW
FF.HH.HW = FF.UH.HW + FF.RH.HW
FINHHHW = TF.HH.HW +MB.HH.HW + EL. HH.HW + DH.HH.HW
+ SS.HH.HW + FF.HH.HW
= FIN.UH.HW + FIN.RH.HW
Cooking (CK):
TF.HH.CK = TF.UH.CK + TF.RH.CK
MB.HH.CK = MB.UH.CK + MB.RH.CK
EL.HH.CK = EL.UH.CK + EL.RH.CK

(soft solar)

(fossil fuels)
(total final energy)

(traditional fuels)
(modern biomass)
(electricity)
(district heat)
(soft solar)

(fossil fuels)

(total)

(traditional fuels)
(modern biomass)
(electricity)
(district heat)
(soft solar)

(fossil fuels)

(total)

(traditional fuels)

(modern biomass)

(electricity)
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SS.HH.CK = SS.UH.CK + SS.RH.CK
FF.HH.CK = FF.UH.CK + FF.RH.CK
FINNHH.CK = TF.HH.CK + MB.HH.CK + EL.HH.CK
+ SS.HH.CK + FF.HH.CK
= FIN.UH.CK + FIN.RH.CK
Air conditioning (AC):
EL.HH.AC = EL.UH.AC + EL.RH.AC
FF.HH.AC = FF.UH.AC + FF.RH.AC
FINNHH.AC = EL.HH.AC+ FF.HH.AC
= FIN.UH.AC + FIN.RH.AC

Appliances and lighting:

EL.HH.AP = EL.UH.AP + EL.RH.AP

FF.HH.AP = FF.UH.LT + FF.RH.LT

FINHH.AP = EL.HH.AP+EL.HH.AP
= FIN.UH.AP + FIN.RH.AP

Total final energy in Household sector:

TFHH

TF.HH.SH + TF.HH.HW + TF.HH.CK
= TFUH + TFRH

MBHH = MB.HH.SH + MB.HH.HW + MB.HH.CK
= MBUH + MBRH

ELHH = EL.HH.SH + EL.HH.HW + EL.HH.CK
+ EL.HH.AC + ELAPHH

= ELUH + ELRH
DHHH = DH.HH.SH + DH.HH.HW
= DHUH+ DHRH

SSHH = SS.HH.SH + SS.HH.HW + SS.HH.CK
= SSUH + SSRH

FFHH = FF.HH.SH + FF.HH.HW + FF.HH.CK
+ FF.HH.AC + FFLTHH

= FFUH + FFRH
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(soft solar)

(fossil fuels)

(total)

(electricity)

(fossil fuels)

(total)

(electricity)

(fossil fuels)

(total)

(traditional fuels)

(modern biomass)

(electricity)

(district heat)

(soft solar)

(fossil fuels)



FINHH = TFHH + MBHH + ELHH + DHHH + SSHH + FFHH
FINUH + FINRH (total final energy)

5.5.4 Service sector

(a) Service sector labor force (106) and floor area (106 sq.m)
(see Table 17-1 of worksheet “US SS-D” of MAED D.xIs)

LSER ALF = ( PLSER /100 ) (labour force)

TAREA

LSER * AREAL (floor area)

(b) Useful energy demand for different categories of end-use
(see Tables 17-3 and 17-7 to 17-10 of worksheet “US_SS-D” of MAED D .xls)

Space heating (SH):

TARSH = TAREA *( ARSH/100)* ( AREAH/100) (floor area where
SH) is required)

US.SH.SER = TARSH * SSHR * ( CF1/1000 )

Air conditioning (AC):

US.AC.SER = TAREA * (AREAAC /100 ) * SACR * ( CF1/1000)

Motor fuels (MF):

US.MF.SE(I) = ELMF.SE(I) * YSE(I) * CF1 I=1,.... ,NSSER
(subsector I)

MFSER = US.MF.SER

NSSER
> US.MF.SE(l)

I=1

NSSER
> (ELMF.SE(I) * YSE(I) ) * CF1 (entire sector)

I=1

Electricity for specific uses (ELS):

US.ELS.SE(I)

ELELS.SE(I) * YSE(I) * CF1 I=1,.....,NSSER
(subsector I)

ELSSER

US.ELS.SER

NSSER

D USELS.SE(D)

I=1

NSSER
> (ELELS.SE(I) * YSE() ) * CF1 (entire sector)

I=1
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Other thermal uses (OTU):

US.OTU.SE(I)

ELLOTU.SE(I) * YSE(I) * CF1
I=1,.,NSSER
(subsector I)

NSSER
> US.OTU.SE(D)

I=1

US.OTU.SER

NSSER
Z ( ELLOTU.SE(D) * YSE(I) ) * CF1 (entire sector)

I=1

Total useful energy:

US.SER = US.SH.SER + US.AC.SER + MFSER + ELSSER + US.OTU.SER

In the previous equations, CF1 is the conversion factor from TWh to the energy unit specified
in cell ES0 of worksheet “Defs”.

(¢) Conversion of useful thermal to final energy demand

Space heating and other thermal uses:

TF.SER.TU { US.SH.SER * ( TFP.SER.SH / 100 ) + US.OTU.SER

* (TFP.SER.OUT /100) } /( TFE.SER.TU /100 ) (traditional fuels)

{ US.SH.SER * ( MBP.SER.SH / 100 ) + US.OTU.SER
* (MBP.SER.OUT / 100) }
/ (MBE.SER.TU/100) (modern biomass)

MB.SER.TU

EL.SER.TU

US.SH.SER * (ELP.SER.SH/ 100)
*{1-(HHP.SER.SH/100)*(1—(1/HPE.SER.SH))}
+ US.OTU.SER * (ELP.SER.OTU / 100) (electricity)

DH.SER.TU

US.SH.SER * ( DHP.SER.SH / 100 ) + US.OTU.SER
* (DHP.SER.OUT / 100) (district heat)

SS.SER.TU { US.SH.SER * ( SSP.SER.SH / 100 ) + US.OTU.SER
* (SSP.SER.OUT /100 ) }

* (FDS.SER.TU /100 ) * ( PLB/100) (soft solar)

FF.SER.TU US.SH.SER * { ( FFP.SER.SH/ 100 )
+(SSP.SER.SH / 100 ) * (1 — ( FDS.SER.TU / 100 ) )
+(PLB/100) } / (FFE.SER.TU/ 100 )
+US.OTU.SER * { (FFP.SER.OTU/ 100 )
+(SSP.SER.OTU /100 ) * (1 — ( FDS.SER.TU / 100 ))

*(PLB/100) } /( FFE.SER.TU/100) (fossil fuels)

TF.SER.TU + MB.SER.TU + EL.SER.TU
+ DH.SER.TU + SS.SER.TU + FF.SER.TU (total)

FIN.SER.TU
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Air conditioning:

EL.SER.AC = US.AC.SER * ( ELP.SER.AC/100)/ELE.SER.AC
FF.SER.AC = US.AC.SER * ( FFP.SER.AC/ 100 )/FFE.SER.AC

FIN.SER.AC = EL.SER.AC + FF.SER.AC

(d) Total final energy in Service sector

TFSER = TF.SER.TU

MBSER = MB.SER.TU

ELSER = ELSSER + EL.SER.TU + EL.SER.AC

DHSER = DH.SER.TU

SSSER = SS.SER.TU

FFSER = FF.SER.TU + FF.SER.AC

FINSER = MFSER + TFSER + MBSER + ELSER
+ DHSER + SSSER + FFSER

5.5.5 Grand totals of final energy demand for the country

(electricity)
(fossil fuels)

(total)

(traditional fuels)
(modern biomass)
(electricity)
(district heat)
(soft solar)

(fossil fuels)

(total)

Once all final energy demand calculations by sector have been completed, the program
proceeds to calculate grand totals for the country as the addition of the sectoral demands. The
results of these calculations, expressed in the energy unit specified in cell E5S0 of worksheet

“Defs”, are shown in worksheet “Final-D” of MAED D.xls.

Demand by energy form:

TF = TFIND + TFHH + TFSER
MB = MBIND + MBHH + MBSER
ELTU = ELHIND + EL.HH.SH + EL.HH.HW

+ EL.HH.CK + EL.SER.TU

ELNTU = ELSIND + TELTR+ EL.HH.AC + ELAPHH
+ ELSSER + EL.SER.AC
ELEC = ELIND + TELTR + ELHH + ELSER
= ELTU + ELNTU
DH = DHIND + DHHH + DHSER
SS = SSIND + SSHH + SSSER
FF = FFIND + FFHH + FFSER

(traditional fuels)
(modern biomass)

(electricity for
thermal uses)

(electricity for
non-thermal uses)

(total electricity)
(district heat)
(soft solar)

(fossil fuels)
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MF = MFIND + TMFTR + MFSER (motor fuel)

Coalsp = COKE + TSCTR (coal, specific)
TFEED = FEED (feedstock)
FINEN = TF+MB + ELEC + DH + SS + FF + MF + COALSP

+ TFEED (total final energy)

Final energy per capita (MWh/cap):

FINEN.CAP = (FINEN/PO)/CFI1

Final energy intensity i.e. final energy per monetary unit of GDP (kWh/MU):

ELFIN.GDP = (FINEN/Y)/CF1

where: CF1 is the conversion factor from TWh to the energy unit specified in cell ES0 of
worksheet “Defs”.

Several different aggregations of the individual energy demands by form and by sector are
performed by the program in order to present the output tables with the results of the run. As
these aggregations do not involve any new calculations, they are not presented here.

In order to convert the grand totals of final energy demand for the country from the energy
unit specified in cell E50 of worksheet “Defs” to another energy unit the user have to indicate
the new unit and the corresponding conversion factor in cells L50 and M50 of worksheet
“Defs”. The grand totals of final energy demand from worksheet “Final-D”, converted to the
new energy unit, will be shown in worksheet “Final Results (User Unit)”.
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6 GENERAL DESCRIPTION OF MAED MODULE 2
HOURLY ELECTRIC POWER DEMAND CALCULATIONS

6.1 Introduction

The second Module of MAED has been developed to convert the annual electricity demand
for each economic sector (considered for demand projection in Module 1) to the hourly
electricity demand during the year. This Module considers four economic sectors, namely
Industry, Transport, Household and Service and six clients for each of these sectors for
calculation of hourly electricity demand.

Various modulation factors are used to calculate the hourly demand from the annual
electricity demand. These factors characterize the changes in the electricity consumption with
respect to the average electricity consumption during a year, week or a day. This module
converts the total annual electricity demand of a sector to the electricity load of the sector in a
giver hour, day and week of the year by taking into account the following factors:

(1) The trend of the average growth rate of the electricity demand during the year;

(i1) The changes in the level of electricity consumption owing to the various seasons of
the year (this variation is reflected on a weekly basis in this Module);

(i)  The changes in the level of electricity consumption owing to the type of day being
considered (i.e. working days, weekends, special holidays etc.);

(iv)  The hourly variation of electricity consumption during a particular type of day.

The trend of average growth rate of electricity demand is already known from the results of
Module 1. The variation of electricity load of a given sector by hour, day and week is
characterized by three sets of modulation coefficients that are defined for 24 hours in a day,
by type of days in a week and for each week in a year. The product of all of these coefficients,
along with the coefficients for the average growth rate of electricity demand, multiplied by the
average electricity demand of a particular sector result in the electric load of that sector in a
particular hour. Knowing all these coefficients for a particular year allows us to calculate the
chronological hourly electricity load for 8760 hours of that year.

Similar calculations are repeated for each sector of the economy (Industry, Transport,
Household and Service) and the loads for same hour in all sectors are aggregated together to
produce the hourly load values of the total load imposed on the power system in a particular
year. The graphical representation of these hourly loads in decreasing order produces the
well-known hourly load duration curve for the electric power system.

The modulation coefficients used for these calculations are obtained from statistical analysis
based on the past operating experience for the power system under consideration.

This section of the User’s Manual describes various worksheets of the Microsoft Excel
workbook file <MAED_Elxls> designed for MAED Module 2 calculations, procedure for
execution of this Module and theoretical approach used for these calculations.

6.2 Description of MAED module 2 Excel worksheets

A separate workbook file has been designed to prepare input data, calculation of the hourly
loads and presentation of the model results of Module 2. This Microsoft Excel file is named as
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<MAED_ElLxlIs> and is present in the same directory where the other MAED file, for Module
1, <MAED_D.xls> is located.

The Microsoft Excel workbook file consists of 20 worksheets. Some of these worksheets
provide general information related to the terminology and color codes used in the
worksheets, while the other worksheets are used to prepare input data and to display the
results of the model in numerical as well as graphical form. Microsoft Visual Basic
subroutines have been used in the Microsoft Excel environment for validation of input data,
calculation and presentation of the model results. Names of various worksheets present in the
Microsoft Excel Workbook file <MAED_ElLxIs> used for calculations related to Module 2 of
MAED are given in Table 6.1.

Table 6.1: List of Worksheets in Microsoft Excel Workbook file <MAED_El.xls>

Worksheet No. | Name of Content of worksheet
worksheet
i MAED EL Title page of the workbook
i Notes Colour code conventions
il Descr Short description of the module
v TOC Table of contents
v Calendar Calendar of the reference years
vi FinEle Final electricity demand
vii SecEle Secondary electricity demand
viii Ldfac(1) Load modulation coefficients for Industry
X Ldfac(2) Load modulation coefficients for Transport
X Ldfac(3) Load modulation coefficients for Household
Xi Ldfac(4) Load modulation coefficients for Service
xii Check Check modulation coefficient correctness
xiil LDC Load duration curves in numerical form
Xiv LDC-G Load duration curves in graphical form
XV ChrtLdc Chronological load data
XVi SvFac(1) Save load modulation coefficients for Industry
Xvii SvFac(2) Save load modulation coefficients for Transport
xviil SvFac(3) Save load modulation coefficients for Household
X1X SvFac(4) Save load modulation coefficients for Service
XX temp Temporarily stored data during program execution
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The description of each of these worksheets is given in the following paragraphs.
(i) Worksheet “MAED_EL”

This is the title worksheet, which shows the title of the workbook file. Figure 6.1 gives the
snapshot of this worksheet.

VMIAED

for MIS-\Windows=s

Figure 6.1. Snapshot of worksheet “MAED EL.

(ii) Worksheet “Notes”

This worksheet contains notes about the color convention used in various worksheets and
some general comments about data entry. Figure 6.2 shows the snapshot of this worksheet

Figure 6. 2. Snapshot of worksheet "Notes".

(iii) Worksheet “Descr”

This worksheet provides general description of the electricity demand projection scenario and
some other information about the workbook file. A snapshot of this worksheet is shown in
Figure 6.3.
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Description: |

CountryRegion: CASENB
Scenario Number: 1
Scenario Hame: | oy _
Brief scenario description:  Low GDP growth
Project name: hodemization af WMEAD
i 1]
Purpose: Training for exparts
Author: Manfred Strubegger
Date of origin: 1000-03-01
Design notes: Based an the original sample scenario for CASENA in:

Mtadelfor Anahehs ofthe Esrgy Demmand (MAE0).
Uzers Manual for Wersion MAED-1

Date of last change: 2002-01.07

Change description: extension based on ideas and woik by Alaa Khatib in maed_el
load distribution for 9 sectars separataly, chack of load ragion sums

Description and Notes:

o oloooaqo

Figure 6.3. Snapshot of worksheet "Descr".
(iv)  Worksheet “TOC”

Table of contents of the overall workbook is given in this worksheet. A view of this
worksheet is shown in Figure 6.4. The user can move to various worksheets by clicking the
respective buttons available in this worksheet. Most of the worksheets also have a TOC button
that can be clicked to move back to “TOC” worksheet.

Notes
Descr
FinEle
SecEle
LdFac(1
LdFac
LdFac
LdFac(d

B

Figure 6.4. A view of worksheet "TOC".
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v) Worksheet “Calendar”

This worksheet contains information related to the annual official holidays, duration of the
four seasons (winter, spring, summer and autumn) in terms of their starting and ending dates
used for the study, starting and ending dates of special season during each year and definitions
of normal and typical weekdays. Figures 6.5, 6.6 and 6.7 show the snapshots of different parts
of this worksheet.

Holidays:
Year Description |every week |single days
1970 free Fri 1-Jan
special
1975  free Fri
special 0
1960 free Fni
special 0
1985 free Fri
special 0
1990 free Fri
gpecial 0
1995 free Fri
special 0
2000 free Fri
special 0
2005  free Fri
special 0
2010 free Fri
special ]

Figure 6.5. Definition of holidays in worksheet "Calendar ".

(vi)  Worksheet “FinEle”

This worksheet consists of total and sector-wise electricity demand along with the sectoral
shares and growth rates for the base year as well as those for the future years worked out by
Module 1 of MAED (Microsoft Excel file <maed_d.xls>). Figure 6.8 shows the total and
sectoral final electricity demand during the study period.
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Seasons (starting days):

season  |1970 1975 1960 1985 1990 1995 2000 2005 2010

winter 1-Jan {Jan 1-Jan  1Jan 1-Jan. 1-dan  1-Jan| 1-dan  1-Jan

spring 21-Mar 2-Mar 2-Mar 2-Mar 20-Mar o 21-Mar 2-Mar 21-Mar 21-Mar

SUMMEr 21-Jun A-dun 21-Jun A-dun) 2-dun 2dun M-dun M-dun 21-Jun

autumn 23-5ep Z3-5ep 235ep A3Sep Z3Sep 23-Gep  Z3-5ep A3-Sep 23-5ep

winter 22-Dec 22-0ec Z2-Dec 22-Dec Z2-Dec 22-Dec  22-Dec F2Dec  22-Dec
-Dec 31-Dec. 31-Dec -Dec| 31-Dec. I-Dec 31-Dec’ 31-Dec  31-Dac

Special Season:

season  |1970 1975 1960 1985 1990 1995 2000 2005 2010

start 8.Jan 9Jan  SJan  YJan| Sdan  Sdan SJan Sdan S-dan

end A0-Jan 20-Jan 20Jan 20-Jan 20-Jan 20-Jan 20-Jan 20-Jan 20-Jan

Figure 6.6. Duration of different seasons and starting & ending dates in worksheet
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DWS :
Definition of normal weekdays:

1 2 3 4 ] B {
all Sat Sun Mo Tue Wed Thu Fri
Definition of typical weekdays:

1 2 3 4 5 B 7

{reduced Sat Sun Mon Tue Wed Thu Fri

Figure 6.7. Definition of normal and special weekdays in worksheet "Calendar".




Table 1: Electricity Demand during the Year (CASENB/low):

Table 1a: Final Electricity Consumption (from MAED-1):

unit 1970 1975 1360 1985 1930 1995 2000 2003
Industry GWWa 0.55 081 1328 207 287 352 407 475
Transport | GWa 0.00 g0 003 005 008 O 017 0.23
Households 1 Gwa 0.16 027 04 08 039 1;ch 20 262
Senvices 1 GWa 0.11 018 031 044  Ob3 0BG 111 142
Total GWa 0.63 126 220 32 456  5.84 738 8,02

Figure 6-8. Total and sectoral final electricity demand in worksheet "FinEle".

Figures 6.9 and 6.10 show sections of this worksheet giving the shares and growth rates of
different clients in the industrial sector. Similar tables are also present in the worksheet for
transport, households and services sectors. At the end of the worksheet, the aggregated
electricity demand for Industry & transport and Households & services sector are also given.
This section of the worksheet is shown in Figure 6.11. Two graphs are also present in the
worksheet to show the evolution of electricity demand over the study period and its growth
rates by sector shown in Figures 6.12 and 6.13.

Table 1a1a; Share of industrial clients:
unit 1970 1975 1980 1985 1990 1995 2000 2005
ind1 % 10000 10000 10000 10000/ 10000 10000 100.00 100.00
% 0.oo 0.00 0.00 0.00 0.00 0.0 0.00 0.00
% 000 000 000 OO0 000 OO0 000 000
% DO0OC 000 00D ©OO OO0 OOO 00O 000
% Oool 00D 000 OO0 000 000 000 000
% 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
Total % 10000 10000 10000 10000 10000 10000 100.00 100.00

Figure 6-9. Shares of industrial clients in worksheet "FinEle".

Table 1a1b: Growth rates of industrial clients:
unit 1970 1975 1980 1985 1990 1995 2000 2005
ind1 [%p.a.] B.22 B2 113 B.24 B.74 419 296 3.10
[%p.a.] 0.00 0,00 0.00 0,00 0,00 0.00 0.00 0,00
[%p.a.] 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
[p.a. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pep.al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[%p.a.] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total [%p.a.] B22 B22 113 B.24 G.74 419 295 310

Figure 6-10. Growth rates of industrial clients in worksheet "FinEle".
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Table 1b: Total growth rates:

1970

1975 1980 1985 1990 1995 2000 2005

IndsTrp Bpa) [ 931 BB 18 827 68 4B 3B 312
Hh+Service Mpa] | 9% 005 0 005 0B 08 0B O
[Tatal Moall 99 8% A 79 718 A 47 40

Figure 6-11. Total sectoral growth rates in worksheet "FinEle".

Electricity Demand

0 o Vi o w9

RRRRRAE

Figure 6.12. Graph of evolution of electricity demand in worksheet “FinEle”.
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Elactricity growth
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)

Figure 6.13. Graph of total and sectoral electricity growth rates in worksheet “FinEle”.

Table 2: Electricity Demand during the Year (CASENB/low):
‘Table 2a:Transmission losses: ' ' _ _

unit 1970 1975 1980 1985 1990 1995 2000 2005
[transmiosses % 500 500 500 500 500 500 500 500
‘Table 2b1: Distribution losses: ' ' ' ' ' '

unit__| 1970 1975 1980 1985 1990 1995 2000 2005
Industry % §00/ 500/ 500 500 5000 600 600 500
Transport - D00 000 000 000 000 000 000 000
Households % 2000 2000 2000 2000 2000 2000 2000 2000
Senvices s 1500/ 1500 1500 1500 1500 1500 1500 1500
‘Table 2b2: Highest peak: ' '

unit 1970 1975 1980 1985 1990 1995 2000 2005
multiplier [l 1000 904 B 739 BEH  BO3 545 433
addition 1 mw | w000 soo0 o000 000 000 000 000 000
duration 1 [ 3000 300 300 300 300 300 300 300

Figure 6.14. Transmission and distribution losses and information about the peak load in

worksheet "SecEle".

(vii) Worksheet “SecEle”

This worksheet contains the input data about the total transmission losses at the system level
and sectoral distribution losses on annual basis during the study period. The section of the
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worksheet including these data is shown in Figure 6.14. Some details of the peak loads are
also present in this worksheet and is also shown in Figure 6.14. This information is used to
adjust the peak load if it does not match with the actual values experienced in the country. At
the end of the worksheet, the electricity requirements, including the transmission and
distribution losses, are reported as the secondary electricity requirements as shown in
Figure 6.15.

Table 1¢1: Secondary Electricity requirements [GWa):

unit 1970 1975 1980 1985 1990 1995 2000 2005
Industry GWa 061 0% 15 228 318 390 451 5%
Transport 1 cwa 0.00 0.00 0.03 0.05 0.08 0.12 0.18 0.24
Households | GWa 02 0% 06 08 130 178 28 345
Services GWa .14 0.22 (.38 0.54 0.78 1.06 1.38 1.76
Total GWa 0% 148 267 377 634 B8 873 1071

FALSE | |

Table 2¢1: Secondary Electricity requirements [GWh]:

unit 1370 1975 1980 1985 1990 1995 2000 2005
Industry GWh 5311 78B4 13657 20BE 27E3Y 34172  30E54  4BOST
Transport 1 cwn o o 29 475 720 1035 1603 21289
Households 1 GWh 181 N30 8352 7Bay N3G 1885t 236 A3
Senvices GWh 1243 1937 3353 4786 B792 G284 12122 15425
Total GWh Bi4d4 12952  ZX5E1 32984 46747 BOOS1  YEERS  H3R44

Figure 6.15. Electricity requirements including transmission & distribution losses in
worksheet "SecEle".

(viii) Worksheet “LdFac(1)”

This worksheet contains the input data of seasonal, daily and hourly load modulation
coefficients for the Industrial sector. The information can be provided for each (at
maximum 6) client and for different reference years considered over the study period. These
data are provided for the base year and can be modified for the future years of the study
period if desired so by the user.

Figure 6.16 shows a part of the seasonal coefficients and daily ponderation coefficients and
the control buttons provided to input these data. The cells of the worksheet having marked
with borders are the daily coefficients of the first day of months as shown in this Figure by
comment boxes. Various control buttons are present in this part of the worksheet to show
these data in graphical form, to clear data and to normalize these data. A button “Check” is
meant for validation of the input data. If the data for a certain year is not valid, the color of the
cell showing the sum of the column or row is changed to “Red” indicating a warning message
to the user.
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01Feb 20%

Table 3: Load Coefficients for Industry (CASENB/low): TOC
Check
Tahle Ja: Annual and weekhy coefficients (see color codes at end of sheet)
Sh] Sh] Sh] Sh] 5h] Sh] &h] Sh] Sh] 5h] Sh] Sh] Sh] showwsave dala Shotk Graph
2030 sy ey oYy ey ey oy ey oY ey i sorzatected vear Closk &raphio
H M 1] N L] M N H [i] H ] 1] N 12030 Harflalize vafies _ﬂj
] = 5 [Zo o)l =o=0]50=2]700]_eat | Sun | Mon | Tua [Wad] Thu Total
1 |wirker| 101 180 1.02 450 102 150 1082 102 1.02 102 102 102 162008 008 101 1.02] 1] 4 7o0f sh] EI]H
wirfer | 102 181103 4181 103 181 103 102 1.0% 1063 103 1.03 103( 088 000 1.01 1.02 1.0} 1 7oof sh] EI] N
3 |wirter | 103 180/ 002 180 105 180 105 105 1.05 085 105 105 105 000)1.00 0.88 1.00 1.00\A.02 7oofsn] ci] H
4 | wirter | 084 140 083 140 000 140 100 008 003 086 088 005 0GA| 100) 441 063 0.04 008/ .69 sh] G| N
5 |wirfer | 100 168/ 1.02 188 102 185 102 102 1.02 102 102 102 102[ 098 008 1.00 1.00 144 1 7oofsh] ci] s
8 |winter|00 150 1.00 150 100 158 100 1.00 1.00 100 100 1.00 100[089] 1.01 0.02 1.00 o0 1.8 7oofsh] ci] M
T |wirter | 089 134 1.0 134 101 134 101 101 109 104 101 1.01 1.0¢[ 094] 103 1.03 1.03/0.85) 1. Tk =0 T
8 |wirter |05 120( 067 1320 087 120 087 097 067 057 087 D87 087|087)102 1.02 1.92 105 085 7oofsh] ci]u
3 | wirker | 089 104 1.0 108 101 101 101 101 104 191 101 101 10f[ 088 102 103 Y01 1.00) 1.03 7oofshl ci] M
10 | spring | 100 072 102 072 102 072 102 102 1.0 102 102 102 102| 09s[ia1] 101 1.02 1.04 1.02 7oofsh] ci] w
11 | =pring | 037 055 0,83 055 086 D55 053 096 D85 059 098 D83 053|098 088 DEF 100 104 105 Foofsh] CI] W
12 |=pring| 101 D38 1.03 038 103 038 103 103 1.03 103 103 103 103 096|068 067 1.00 1.04] 1.05 Foofsh] ci] w
13 |spring| 101 031 103 031 103 D31 103 103 1.03 103 103 103 103[ 098101 101 101 101 1.0 oofsh] ci] N
14 |spring{080 034 DE7 034 087 D34 087 087 D67 057 087 067 087|101 096 087 nes[1o0] 1.05 ool skl ci| W
15 | spring | 053 033 0,85 034 095 D35 045 095 0,05 055 095 D85 084/090 100 DRS 101 1.05 1.0s hgfsh]cimw
1€ | spring [ 021 D47 DRF 04T DRZ D47 082 0QZ DRF 092 002 DORZ D22 095 00y 1,00 1,04 1.09 1,04 70 Zh [ H

Figure 6.16. Annual and weekly coefficients in worksheet "LdFac(1)". \
01 Jan 2030

Figure 6.17 shows the portion of the worksheet showing the information related to the date
and time when the data for a particular year was saved last time. This information is very
useful to keep record of the progress of data input if it is done in steps.

year |saved ||astsaved
1870 |saved |220/02 168:18

1975 | s==wed [1/28/02 10:28
1980 |saved |1/28/02 10:26
1985 |saved |1/28/02 10:28
1990 |sawved |1/28/02 19:27
1996 |saved [1£28/02 18:27
2000 |saved |[1/28/02 19:27
2005 |s=wved |220/02 168:18
2010 |saved |Z220/02 16:18
2018 |saved |220/02 18:18
2020 Iszved |2/20/02 1618
2026 |saved |220/02 18:18
2030 |saved |220/02 18:10

Figure 6.17. Date and time of the saved data in worksheet "LdFac(1)".

Figure 6.18 shows a part of the input data for the hourly variation of load during each of the
weekdays and for each of the four seasons. These data is provided for the base year and can
be modified for the future years of the study period as desired.
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Tahle 3k Daily coefficients for Industny ind1

200 winter 5|J-|:in1|;| SUmmer
hour | Sat] Sun]Men] Tue |Wea] Thu] Fri | Sat’ Sun® Mon' Tue® Wed Thu® Fii | Sat’ Sun: Men|
pooolo.e2 101 101 1.00f003 101 1.01|003 101 101 10|02 1.01 101foe3 1.01 104
pioojo.ee 008 066 106|063 068 006|080 068 066 108|068 008 0oa)l0EE 0.8 DGR
pzoojo.e6 092 D82 1.02{086 092 002|086 082 002 102|088 D02 Doz|o0EE 0.2 DO2
psoojoes 093 D@1 1.00{085 083 081|085 083 091 100|065 0.83 091|0ES 0.3 DAd
pgoojoes ooe De4 101|088 0o 004|088 068 064 1.01|oes 066 oasloes ooe Doa
pDs00)0.00 098 D26 1.02{D90 098 0.08|080 088 008 102|000 0.06 098|020 0.08 D98
peooj0.87 098 087 1.00{0.97 0.98 0.097|097 088 097 100|067 D08 097|087 0.88 097
prool1.02 102 090 007103 102 0.68]103 102 000 097|103 102 oee] 103 1.02 098
oeool 1.05 090 088 1.00(1.05 0.68 0.08)1.05 088 000 100|105 o.ee 0e2]1.05 0.80 088
oeool 1.02 4.00 D28 1.02{4.02 100 0.06)4.02 100 096 103|102 1.00 Do) 102 1.00 DoE
1000] 1.02 008 085 1.02]41.02 080 005|102 088 085 102|102 000 095|102 0.2 DES
1100|101 oes|oe7 oeel1.01| 068 067|101 068 067 008|101 068 097|101 008 Do
1200| 1.03 000|088 008|403 088 068|103 088 005 093] 1.03 080 0983|103 000 DS

Figure 6.18. Hourly coefficients for industrial sector in worksheet "LdFac(1)".

Finally, at the end of the worksheet, color codes used in the worksheet are given as shown.

Colorcodes:

descriptions (locked)

calculated values {locked)

calendar entries from praous or next year

functions: call by double-clicking on theses fields

Sundays and other free days (comment shows date)

Saturdays and other days before free days (comment shows date)
first day in month

Figure 6.19. Color codes in worksheet "LdFac(1) ".

(ix) Worksheet “LdFac(2)”

This worksheet contains the same information as in the worksheet “LdFac(1)” but for the
Transport sector.

x) Worksheet “LdFac(3)”

This worksheet contains the same information as in the worksheet “LdFac(1)” but for the
Household sector.

(xi) Worksheet “LdFac(4)”

This worksheet contains the same information as in the worksheet “LdFac(1)” but for the
Service sector.

(xii) Worksheet “Check”

The information given in this worksheet is useful to locate the position of error in the load
modulation coefficients if their sum is not correct. By looking at this worksheet, one can
locate the errors if any in the input data for load coefficients. A part of this worksheet is
shown in Figure 6.20.
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A B c D o | W | | J | K Cos|
1 | BACK Errors in the sum of week coefficients
2 |em2 | normalize the sum to be 53 |
3| LdFac(1) LdFac{2) LdFac(3)
4 suUm is not53 in year 1980
5 sum is not 53 in year 1590
8 sum is not53 in year 2000
7 |sum is not 53 in year 2015
8
]
10 |
14
12 |
13
AL
15
8 |
17 |
18
i Errors in the sum of hourly coefficients
el | normalize the sum to be 24 |
21 | LdFac(1) LdFac(2) LdFac(3)
22 | | | | | I |

Figure 6.20. Errors in sums of the weekly, daily and hourly load coefficients in worksheet

(xiili) Worksheet “LDC”

"Check".

The annual and seasonal peak loads (MW), electricity requirements (GWh), load factors (%)
and number of hours as well as the numerical data for the four seasonal load duration curves
are given in this worksheet. The portion of this worksheet showing the peak load and
electricity requirements as calculated by the model are shown in Figure 6.21. Figure 6.22
shows the section of the worksheet giving the numerical data for the seasonal load duration

curves.
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Table 7: Ordered Load Duration Curves (Total) (CASENB/low):
Calculate Print | Output | CAimphioadwasp1.
Summany:
i usa growth: ys
1570 total iinter spring SUMMES autumn
| [Maximum load (b 7361883 1930488 1197757 1342227 2361883
Rel. to ann. peak 1.000 oE21 0.507 0.568 1.000
| |Energy (GWWh): BHA0.811 2038733 1803813 2278030 2138028
Load factor (%) 40.82 4218 7538 7523 4182
| |Humber of hours: 8780 2938 2208 22508 2180
Diff. ta annual dama 2,563
% Diff. to ann. dema 0.0
1975 folal inintel spling SUMMES autumn
| M a=imum load (W 2847 348 2847348 1747071 1828343 1BB5E21
Rel. to ann, peak 1.000 1.000 0814 0.g42 0.662
| |[Engrgy (Gih): 12038082 3440302 2011818 3470013 34411.032
Load factor (%) 51.87 5688 a7.70 g84.13 B374
| |Humber of hours: 87e0 2138 2208 22508 2480
Diff. ta annual dama 12792
% Diff, to ann. dema 0.9

Figure 6.21. Peak load, electricity requirements and load factor data in worksheet "LDC".

GRAPH| TOC
Clear temp data
Loadcurve:
season  fitem data
winter length 0 0.00046816 0.00093633
power 1 1 0.99239811
spring length 0 000181159 0.00407609
nower 1 1 [0.99056203
summer  |length 0 0.00088652 0.00310284
power 1 1 099378474
aufumn  |length 0 0.0004629 0.00092593
power 1 | 0.90453574

Figure 6.22. Load and duration values for annual load duration curves in worksheet "LDC".
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(xiv) Worksheet “LDC-G”

This worksheet shows the seasonal and annual load duration curves in graphical form for
different years considered in the study. Figure 6.23 shows a part of this worksheet containing
load duration curves for 1970 and 1975.

10c

Graphics 1 : Ordered Load Duration Curves [Total] (CASENB/low):

LDC 1970 LDGC 1975

—aé— minter —a— wmuntar

—m— spring
summan 04

08 o 08 -

—m— spring

SUMIMmir|

0.4

sutumn
0.2 0z

o - ' - ' - ' . - ' a
0 04 02 03 04 05 08 07 DB 09 1

AU

o o041 02 03 04 05 08 07 OB D9 1

Figure 6.23. Graphical representation of annual load duration curves in worksheet "LDC-G".

(xv)

This worksheet contains the chronological load data for each hour for all years considered in
the study period. Figure 6.24 shows a section of this worksheet.

Worksheet “ChrLdc¢”

A B [ ¢ | D E
1 1870 1975 1980 1985 1990
2  DB5106798 1.84911117 268809191 587579495 519515786
3| 0812643424 17656362 2.60190606 568738563 4.95964039
4 | 0779829497 169435445 250927206 540468466 475251013
5 (0772089678 167754924 244579786 535486354 470601335
B | 0.788654B32 171355251 2.49140021 544578134 48630513
7 | 0B1732712 177586225 251139841 548947566 4 925599951
B | 0.BB5730B04 1.92667331 245292965 535165528 500210658
9| 0935309684 203223832 2.39005522 5.2242058 5.1181B975
10 0953425758 20716148 24925326 539729957 511293653
11| 0.330887397 202265678 2.52392216 551677651  4.93143344
12 0934710638 203097745 252097432 565103147 49143919
13 0919901351 1099881288 240224243 525077441 497169445
14| 0.240781917 204419708 2.41B04617 5.20530021 506018908
15| 09186686135 1.99619936 2.40118877 5.24B4362 512852016

Figure 6.24. Chronological load data in worksheet "ChrLdc".

(xvi) Worksheet “SvFac(1)”

The data for seasonal, daily and hourly load coefficients for the Industrial sector is saved in
this worksheet. The program reads data from this worksheet in order to display data for a
specific year in the “LdFac(1)” worksheet as requested by the user. Figure 6.25 shows a
section of this worksheet.
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L2 {100 | == | [T | e i | P |

A
1.00645924
1.01573375
1.03203728
0.94309134

0.55887056
0.98542771
0.56898166
0.9507 3397
0.96815694
0.958776615
0.9667 1231

1.0120434
1.01187676
0.B5954924
0.926886875

B

097627389

0.97627355
0.992285953

0.9599857
0.96326209
0,99093165
0.94147867
0.9703657 3
0.95604241
0.95111053
0.97860316
0.97BE0316
0.97534807
1.01269579
0.95669924

G
0.9943227
0.58943227

0.99848426

1.10881871

095135904

1,00953344

1.03408624

101524181

102313988

1.00695404

098951028

098951026

1.0056237 4

098453714

0959530807

D
1.00662981
1.00662581
0.95397797
1.00457394

0.9953109
0.99423366
1.02805268
1.01822269

1.025108
1.00734398
0.97 158076
0.97156076
1.01244131
096546312
0.98262306

E
1.01942877
1.01942877
1.00100116
0.93766576
1.00453484

0.9965697
1.03634766
1.01763629

1.0085352
1.02253562
099803549
0.995035439
1.01294792
0.98003178
1.01006094

Figure 6.25. Data for saved coefficients in worksheet "SvFac(1)".
(xvii) Worksheet “SvFac(2)”

This worksheet contains the same information as in the “SvFac(1)” worksheet but for the
Transport sector.

(xviii) Worksheet “SvFac(3)”

This worksheet contains the same information as in the “SvFac(1)” worksheet but for the
Household sector.

(xix) Worksheet “SvFac(4)”

This worksheet contains the same information as in the “SvFac(1)” worksheet but for the
Service sector.
(xx) Worksheet “temp”

This worksheet is used by the program to store some data temporarily during the execution of
the program. The information contained in this worksheet can be deleted to decrease the size
of the workbook file “MAED_ElLxIs”.
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7 EXECUTION OF MAED MODULE 2
7.1 Introduction

Before starting the execution of MAED Module 2, it is necessary to appropriately set the
computer by:

e changing the date format as explained in Figure 7.1;
e set the security level of Excel program to medium (Tools/Macro/Security/Medium).

With this security level setting, when the user opens the Microsoft Excel workbook file
<MAED_Elxls>, a Dialogue Box appears on the computer screen inquiring the user whether
to enable Macros in the workbook or not (see Figure 7.2). The user must click Enable
Macros button in order to use the Macros available in the workbook. This is necessary to
allow the use of various Microsoft Visual Basic subroutines present in the workbook, which
activate various buttons to perform various functions e.g. to move control from one worksheet
to another, to calculate the load duration curves and to check the validity of input data etc.

Before starting to use MAED , it is necessary to change the date format used by Microsoft
Windows programs as described below.

For Microsoft Windows 95 & 98

1.0pen the Regional Settings Properties dialog box by clicking Start button, pointing to
Settings, clicking Control Panel, and then clicking Control Panel, and then clicking
Regional Settings.

2.0n the Date tab,select “yyyy-MM-dd” from the Short date style Listbox.
3.Press OK button to close the Regional Settings Properties Dialogue box.

For Microsoft Windows 2000 & Windows XP

1. Open the Regional and Language Options in Control Panel.

2. On the Regional Options tab, under Standards and formats, click Customize.
3. On the Date tab, select “yyyy-MM-dd” from the Short date style Listbox.

4. Press OK button to close the Customize regional Options Dialogue box.

5. Press OK button to close the Regional and Language Options Dialogue box.

Figure 7.1. Change Date Format before using MAED.
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Microsoft Excel E

The workbook you are opening contains macros.
SOme macros may contain viruses that could be harmful to your computer,

If you are sure this workbook is From a trusted source, click
‘Enable Macros'. If you are not sure and want to prevent
any macros from running, click Disable Macras', Tell Me More

¥ always ask before opening workbooks with macros

| Biseble facros ] Enable Macros Do Net Open

Figure 7.2. Microsoft Excel dialogue box asking to Enable Macros.

Another Dialogue Box may also appear during opening the <MAES_El.xls> Excel file asking
the user whether to update the automatic links of this workbook file to other workbook files
(See Figure 7.3). The answer for this question depends on what version of the MAED D
program is used for energy demand analysis. If the energy demands by sectors used in
MAED _El program were estimated with the version I of MAED D program, distributed
before December 2004 and which is automatically linked to MAED_EIl program, the first time
a user opens the <MAED El.xls> file, it is necessary to click the Yes button in order to
import the necessary data from Module 1 of MAED contained in the <MAED D.xls>
workbook file. However, once data is imported from this file, it is not necessary to click the
Yes button unless the user has made some changes to the <MAED_ D.xlIs> workbook file. If
the MAED E program is used in conjunction with the version II of MAED D program,
distributed after January 2005 and which is not yet automatically linked to MAED El
program, it is necessary to click the No button and to enter the respective energy demands
directly in Table 1 of worksheet “FinEle” of <MAED El.xls> workbook file.

Microsoft Excel

The workbook, vou opened conkains automatic links to information in another workbook.
i; Do you wank to update this workbook with changas made to the other workbook?

» To update all linked information, click Yes.
+ To keep the existing information, click Mo,

Figure 7.3. Microsoft Excel Dialogue Box asking to update the automatic linked information
from other workbooks.

7.2 Execution of MAED EIl Program

As described in Chapter 6, MAED Module 2 is designed to generate the hourly load demand
for an electric system based on:

(1) the annual electricity demand calculated either using Module 1 of MAED or using
any other methodology;

(i1) load growth over the year due to increased electricity demand;
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(iii))  seasonal load variation coefficients;
(iv) daily load variation by day type, and
(v) hourly load variation during day for all day types.

Therefore, all these five categories of input data are required for execution of Module 2.
The major steps involved in the execution of this Module are:

(1) Preparation of necessary input data;

(i)  Input and validate the required data in various worksheets described in previous
section;

(iii))  Execute the Module 2 program; and
(iv)  Check the model results.

The user may need to repeat the step (ii) to (iv) if he is not satisfied with the model results.
We shall describe these steps in more detail in the following paragraphs.

Step-1: Preparation of Necessary Input Data

The first step is to gather the information required for execution of the model. Some of which
may be based on the Module 1 or otherwise, while the information related to seasonal
(weekly), daily (by day type) and hourly variation of electricity load in various economic
sectors and sub-sectors (clients) is based on historical data. The details for preparation of
these parameters based on historical statistics are given in Appendix C of Reference 12.

If Module 1 of MAED is used for electricity demand projections, then sector wise annual
electricity demand (GWh) and annual growth rates will be available from Module 1 and user
is not required to input this information, otherwise these information is required to be
collected from some other similar study. Shares of different clients within each sector are also
needed for the base year as well as for the future years considered in the study.

Step-11: Data Entry in the Worksheets

The data required for Module 2 is divided into various worksheets as described in previous
section of the User’s Manual. As a general rule, user needs to input data in the cells with
white background. All the input parameters required in different worksheets are described
below.

I. Worksheet “Descr”

The first worksheet in which some user input is required is the “Descr” worksheet. In this
worksheet, the user provides some general information related to the electricity demand
scenario e.g. Country/region name, Scenario name and number, Author’s name and Date etc.

II. Worksheet “Calendar”

In this worksheet, information related to the calendar days is provided. The user lists the
normal and special holidays during each of the year considered under the study period. This
information is provided for the weekly holidays as well as those holidays occurring at special
occasions. In the next section of the worksheet, the starting dates of different seasons for each
year are provided. Four typical seasons are considered by the model, i.e. winter, spring,
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summer and autumn. A season that starts at the end of a year and continue at the beginning of
the next year can have two starting dates for a model reference year, once on 1st of January
and second at the beginning of the season at the end of the year. Therefore, the user has to
define the start dates for 5 seasons. At the end of this Table, the last date of the year i.e., 31
December is also provided. In the next section of the worksheet, the starting and ending dates
of a special season are defined for each reference year in the study period. A special season
could be “Ramadan” in Muslim countries, Christmas in some other countries or any other
special period of year having different pattern of electricity consumption during this period.
At the end of the worksheet, the user has to provide the sequence of names of weekdays in a
typical week (for example, from Monday to Sunday in Europe and from Saturday to Friday
for Islamic countries) and the typical days for hourly load variation (for example, Wednesday,
as a typical working day, Saturday and Sunday in Europe).

III. Worksheet “FinEle”

The user input in this worksheet is the share of different clients in different sectors of
economy. At maximum, six clients can be defined for each sector and the sum of shares of all
clients in each sector must be equal to 100% in all sectors. In the sample case, four sectors of
economy (Industry, Transport, Household and Service) and one client for each sector are
considered. However, user can change the names of these sectors as well as the names and
number of clients to be considered in each sector.

Definition of Clients

It may be noted that the number of clients defined in the worksheet “FinEle” is very
important and the input data required and calculations made by the model are dependent upon
this information. The number of non-empty names of clients in a particular sector determines
the number of clients present in that sector and all the future calculations will be made for
only these clients. A second important point to be considered regarding the clients data is that
all the clients in a sector should be defined in consecutive rows starting from the first row
below the years row of that sector. For example, if 3 clients are defined as shown in
Figure 7.4, the model will consider only the 2 clients defined in the first two rows and will
ignore the third client “ind3” for its further calculations.

Table 1al1a: Share of industrial clients:
unit 1970 1975 1980 1985
ind1 B 000 5000 5000  50.00
ind2 % 20.00 20.00 20.00 20.00
% 0.00 0.00 0.00 0.00
ind3 % 3000 3000 3000 30,00
% 0.00 0.00 0.00 0.00
% 0.00 0.00 0.00 0.00
Total U 100.00  100.00  100.00  100.00

Figure 7.4. Definition of Clients in worksheet "FinEle".

IV. Worksheet “SecEle”

This worksheet requires information of Transmission losses of the overall power system and
distribution losses for each sector considered in the study. All of these data are required for
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each reference year considered in the study period. In addition to that, some information
related to adjustment of peak demand can also be provided in this worksheet if the peak
demand calculated by the model does not match with the actually experienced value by the
power system. The user may use the “multiplier” or “addition” and “duration” values to
adjust the peak demand.

V. Worksheet “LdFac(1)”

This worksheet requires extensive input data for seasonal (weekly), daily and hourly load
variation coefficients. Information to be provided by the user is subdivided into a number of
Tables (3a through 3g) in this worksheet.

Table 3a requires information of seasonal (weekly) and daily (day type) load coefficients for
various reference years in the study period. The first few columns contain weekly load
variation coefficients for each year considered in the study. In total, there are 53 coefficients
required for each year. The first and the last week may have less than 7 days due to different
day of week on the Ist of January. Thus the sum of all coefficients must be equal to 53.

In the section of Table 3a towards the right side, the user has to provide the load variation
coefficients by day type during a week. These coefficients are required for the all seven days
of week and for each week in a year (53 weeks, due to the reason described earlier). The
names of weekdays are shown in the first row. The sum of the coefficients for each week,
given in the last column, must be equal to 7.

Table 3b contains the information of hourly load variation coefficients for the client-1 in the
Industrial sector. These coefficients are defined for 24 hours for each weekday (7 in total) and
for each season (for all of the four seasons and for the special season). The sum of hourly
coefficients in each day must be equal to 24. Tables 3c to 3g contain the similar information
for the rest of 5 clients in the Industrial sector respectively. The user has to supply these data
for as many clients as defined in the worksheet “FinEle” in Table 1ala.

Description of various buttons and the areas that could be double-clicked in worksheet
“LdFac(1)” are shown in Figures 7.5, 7.6 and 7.7.

Note: Before using the buttons ‘N’, ‘CI” and ‘Sh’ the respective “LdFac(?)” worksheet must
be unprotected using the standard Excel procedure (Tools/Protection/Unprotect Sheet). No
password is required.
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Double-click to
normalize the

seasonal coefficients
for the year 2025

Double-click to close
the Graph of seasonal
coefficients for the

year 1995

Double-click to show
the Graph of seasonal
coefficients for the
year 1985

Table 3a: Annual an kly coeffici (see color codes at end d
EREREREREREY EDEARAEREAEAEFE
2020 alalalalalalalalalalalala
Ml M ] M]NINTN]NTNINITN]TNTNTN
weeHseason
1| winter
2| winter
3| winter : ] ] J ] | ! ] ! E
4| winter| 094 140 095 140 096 140 09 098 098 095 096 095 | Double-clickto load
5| winter| 100 166 102 166 102 168 102 102 102|102 102 102 | theseasonal daily
6| winter| 053 159 100 159 100 159 100 1,00 100100 1.00 1.00 and hourly
Flwinter| 092 134 101 134 101 134 104 100 101 101 101 1.0 coefficients forthe
8| winter| 055 1.20 097 120 097 120 D97 097 087/ 087 087 057 | year 2030
A winter| 059 101 101 101 101 101 101 101 101104 100 1.0 i
10l spring| 100 072 102/ 072 102 072 102 102 102 102 102 102 102

Figure 7.5. lllustration of various double-click options in the seasonal coefficients section of
Table 3a in worksheet “LdFac(1)”.

Double-click to check the
sums of seasonal, daily
and hourly coefficients

P e

Double-click to save the
seasonal, daily and
hourly coefficients for
the specified vear

Double-click to load the
seasonal, daily and

hourly coefficients for the
specified year

Double-click to show the
Graph of daily coefficients

in this row

showe's Je data for it‘ﬂﬂ_
) seli@éd year ose Graphic W‘

2030] show | save Mormalize values -

Sat | Sun | Mon | Tue |Wed Double-click to close
' 0598 0859 1.01 1020 1.01 Cl E\J”fthe Graph of daily
i| 098| 0,93 1.01 1.02] 1.01 Sh] Cl coefficients in this
5| 093 100 099 1.00 1.00 Sh T
)] 1.00 1.11 1.00 0.94 0.96 Sh] Cl] N
! 096 092 100 1.00f 1.04 Sh] Cl ] M
[ 099] 1.01 099 1.00 1.00 Sh]CIT N Double-click to normalize
| o=4 103 109 1.04 1.00 shl1 il N the daily coefficients in

this row

Figure 7.6. lllustration of various buttons and double-click options available in the daily
coefficient section of Table 3a in worksheet “LdFac(1)”.
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Display/Edit Data for a Particular Year

User can retrieve the seasonal, daily and hourly coefficients for a particular year from the
respective SavFac(?) worksheet by either pressing the “Show” button (and selecting the year
in the drop down list) as shown in Figure 7.6 or by double-clicking the respective year in
seasonal variation coefficients title row as illustrated in Figure 7.5.

Save Data for a Particular Year

Data for the current year can be saved to the respective “SavFac(?)” worksheet by pressing
the “Save” button as illustrated in Figure 7.6. A small Table towards right of the Table 3a
shows the date and time of the data saved for each reference year in the study period as shown
in Figure 6.17 in previous section of the User’s Manual.

Display Data in Graphical Form

The user can show the seasonal, daily and hourly coefficients in graphical form by double-
clicking the “Sh” cell in the respective row or column as illustrated in Figures 7.5, 7.6 and
7.7. Once graph for weekly, daily or hourly coefficients is displayed, the color of the
respective “CI” cell is changed to red. It means that the displayed graph window can be closed
by double-clicking this red color “CI” cell.

Close the Graph Window

The graph window can be closed by double-clicking the “CI” cell as illustrated in Figures 7.5,
7.6 and 7.7.

Check Validity of Coefficients Data

Press the “Check” button to check the sum of the seasonal, daily or hourly coefficients equal
to 53 in the case of seasonal coefficients, 7 in the case of daily coefficients and 24 in the case
of hourly coefficients. The resulting Error Messages are stored in the “Check” worksheet.

Normalize the Coefficients

Any set of weekly, daily or hourly load coefficients can be normalized by double-clicking the
respective “N” cell located in the respective column or row. Normalization of coefficients
means to adjust the values of the coefficients in order to make their sum equal to 53 in the
case of seasonal coefficients, 7 in the case of daily coefficients and 24 in the case of hourly
coefficients.

Note: The “Sh”, “C1” and “N” buttons for the seasonal coefficients are in the top rows of the
Table 3a, the daily variation coefficients are located towards the right of the Table 3a and
hourly coefficients are in the bottom rows of the Table 3b. The color codes used in this
worksheet are given at the bottom of the worksheet.

V1. Worksheet “LdFac(2)”

This worksheet contains the same information as given in worksheet “LdFac(1)” but for the
Transport sector.
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Table 3b: Daily coefficients for Industry ind1
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Figure 7.7. lllustration of various double-click options available in the hourly coefficients of
Table 3b in worksheet “LdFac(1)”.

VII. Worksheet “LdFac(3)”

This worksheet contains the same information as given in worksheet “LdFac(1)” but for the
Household sector.
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VIII. Worksheet “LdFac(4)”

This worksheet contains the same information as given in worksheet “LdFac(1)” but for the
Service sector.

After completing the input data for the seasonal, daily and hourly coefficients for all the
sectors, user may press the “Check” button in each of these worksheets and then check for
any error messages displayed in the “Check” worksheet. In case, any error messages are
there, the user can modify the respective set of coefficients in the corresponding “LdFac(?)”
worksheets as indicated by the error messages.

Step-111: Execution of Module 2

Once the coefficient data are correct to the full satisfaction, the user can move to the “LDC”
worksheet. By pressing the “Calculate” button, the user can start the process of calculating
the resultant hourly loads in the system for each year considered in the study. The results of
these calculations are saved/updated in the “LDC”, “ChrLDC” and “temp” worksheets. This
step takes relatively longer time, as it requires extensive calculations done in the background.
However, some messages are displayed during the execution of the model, about the status of
the program execution at a particular time under the “Calculate” button.

The list and brief description of buttons available in various worksheets of the MAED Module
2 file <MAED-el.xlIs> is given in Table 7.1.

Step-1V: Check the Model Results

After completion of the execution of the MAED Module 2 program, the results of the model
are presented in worksheets “LDC”, “LDC-G” and “ChrLDC”. Description of these
worksheets has already been given in previous sections of the User’s Manual. The load
characteristics for each season as well as those for the overall system are displayed in the
same worksheet (“LDC”) for each year considered in the study. The respective load duration
curves data are also displayed for all the four seasons considered for each year. These data are
required by the LOADSY module of WASP (Wien Automatic System Planning Package)
model developed by the IAEA for power system expansion planning. However, these data
may not be useful, if the user decides to use the number of periods in a year other than four
periods in WASP. In that case, the user will need to use the chronological load data stored by
the model in the worksheet “ChrLDC” and generate the LOADSY data by him. The annual
and seasonal load duration curves in graphical form are stored in the worksheet “LDC-G”.
The chronological load values as well as the load duration curves generated by the model can
be compared with the actual data for the base year and the user should try to explain any
discrepancies, if found between the two values. If the results are not in line with the
expectations of the user, he should check again the input data entries and may need to repeat
steps Il to IV again.
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Table 7.1: Description of buttons available in various worksheets of the MAED Module 2 file

<MAED-el.xlIs>

Button

Worksheet/(s)

Description

All worksheets except
MAED_EL, check,
ChrLDC, SvFac(1),
SvFac(2), SvFac(3),
SvFac(4), and temp

To move to the worksheet “TOC”.

TOC

To move to the worksheet “Notes”.

TOC

To move to the worksheet “Descr”.

TOC

To move to the worksheet “FinEle”.

TOC

To move to the worksheet “SecEle”.

TOC

To move to the worksheet “LdFac(1)”.

TOC

To move to the worksheet “LdFac(2)”.

TOC

To move to the worksheet “LdFac(3)”.

TOC

To move to the worksheet “LdFac(4)”.

TOC

To move to the worksheet “LDC”.

TOC

To move to the worksheet “LDC-G” containing the
graphs for the load duration curves.

TOC

To move to the worksheet “temp”.

LdFac(1), LdFac(2),
LdFac(3), LdFac(4)

To check the sum of the seasonal, daily or hourly
coefficients. The results are displayed in worksheet
“check”.

LdFac(1), LdFac(2),
LdFac(3), LdFac(4)

To retrieve the seasonal, daily and hourly coefficients
for a particular year from the respective “SvFac(?)”
worksheet.

LdFac(1), LdFac(2),
LdFac(3), LdFac(4)

To save the seasonal, daily and hourly coefficients for a
particular year from the respective “SvFac(?)”
worksheet.

LDC

To start the process of calculating the resultant hourly
loads in the system for each year considered in the
study. The results of these calculations are
saved/updated in “LDC”, “ChrLDC” and “temp”
worksheets.

LDC

To export the annual peak load, period peak load ratios an
load duration curves data for the four seasons considered
MAED to an input data file specified by the user using th
Output file button. The format of this file is in line with th
required by the LOADSY module of the IAEA’s power
system expansion planning model WASP.

LDC

To specify/select the output file to be used to export
the MAED results as described in the description of
the Print button..

LDC

To move to the worksheet “LDC-G” containing the
graphs for the load duration curves.

LDC

To delete the information contained in the worksheet
“temp” in order to decrease the size of the workbook
“MAED El.xls” file.

LDC-G

To move to the worksheet “LDC” containing the
numerical data of the load duration curves.
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8 THEORETICAL BACKGROUND OF MAED MODULE 2

As stated earlier, the main objective of MAED Module 2 is to convert the total annual demand
for electricity of each of the four economic sectors considered in the model (Industry,
Transport, Household, and Service sectors) into the electric power demand of these sectors on
an hour-by-hour basis. A generalized methodological approach used in MAED Module 2 is
given in this section of the User’s Manual. The annual electricity demand of a consumer
sector is converted into the electric power requested by the same sector at a given hour of a
certain day and week of the corresponding year by taking into account the following factors:

(1) The trend of the average growth rate of the demand over the year;

(i1) The variation of electricity consumption due to the seasonal impact (which could be
expressed in terms of semesters, quarters, months, weeks);

(i11))  The impact of the type of day considered in the electricity consumption (whether a
working day, a weekend day etc.);

(iv)  The variation of energy consumption due to the period of the day considered (whether
in the morning, lunchtime, evening etc.).

Each of these factors is represented by a certain coefficient that in a sense "modulates" the
electric power requested by the sector (thus, they are called load-modulating coefficients).
Each coefficient can be seen as the variation of electricity consumption of the sector with
respect to the "standard" consumption of the sector. The latter is represented by the
consumption in an equivalent working day.

The general purpose of the methodology consists of calculating the electric power requested
by a consumer sector from the grid at hour h in a day j of a week number 1, from the power
requested by the same sector in the same hour of an average equivalent working day.
Following methodology is used for these calculations:

Identification of calendar

In MAED model, the year is divided into four seasons and a special holiday period, which
may have different electricity consumption pattern from these four seasons. The user defines
the date of the first day of each season, for each reference year considered in the study period,
in order to identify different seasons during the year. Similarly, the starting and the ending
dates of the special holiday period are also defined. The user also specifies the sequence of the
weekdays (for example, from Monday to Sunday in Europe and from Saturday to Friday for
Islamic countries) and the typical days for hourly load variation (for example, working day,
Saturday and Sunday in Europe).

Consideration of electricity demand growth rate during the year: Coefficient T(i)

In order to come to a standard day, the first correction to be made corresponds to the general
trend of the growth of electricity consumption during the year. This is represented by a
"deflator" which is calculated on a weekly basis (with a total of 52 values in the year), so that
the deflator of the gross electricity consumption (i.e. the growth trend coefficient) for week

"no.n

1"1is :

GROWTH }(1526)

T(@i)= [H 0
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where GROWTH is the average annual growth rate of electricity demand of the current sector
between the previous last and the current year which is either specified by the user (for the
first year) or calculated by the program from the information read in from the MAED Module
1 Microsoft Excel workbook file <MAED_D.xIs>(for the subsequent years).

Seasonal coefficients: K(i)

In order to take into account the seasonal impact on electricity consumption of a sector, the
"seasonal deflator" is used. For the time period "i" (either a semester, a quarter, a month, a
week etc.), K(i) represents the average weight of this period in the total electricity
consumption for the year.

Consequently, the sum of the K(i) values over the year should be equal to the total number of
periods into which the year is subdivided. (Note: The subdivision of the year into seasons for
the purposes of preparing the input data for a given case study will depend on data availability
for the country being studied. Also, the K(i) coefficients should reflect changes in demand
due only to seasonal effects, i.e. in calculating the K(i) values the growth trend effect should
be removed first. Section C.4 of Reference 12 describes how the modulation coefficients can
be calculated from the knowledge of the chronological electric load curve of a given sector).

In the MAED Module 2, the week has been selected as the elementary time unit for
representing these seasonal variations and, therefore, 53 K(i) coefficients must be given as
input data for each reference year of study period, keeping in mind that at least one of the first
and last week will be not an entire week. If the user does not want to change these coefficients
for a future year, he may repeat the same coefficients as for the previous year. Therefore, the
only calculation performed by the program for these coefficients is a check:

iK(i)zS?,

If the SUM is not equal to 53, the color of the cell showing the sum of coefficients is turned to
red showing a warning message to the user.

Daily ponderation coefficients: P(i, id)

This type of coefficient reflects fluctuations of electricity consumption due to the type of day
being considered, i.e. a working day, Saturday, Sunday, etc. Since the general goal of the
exercise is to compare the electricity consumption of every time unit to the consumption in
the equivalent working day, the relative weight of a working day is chosen to be equal to 1,
and the other types of day are weighted in comparison to their relative consumption relative to
that of the working day, e.g. a Saturday could be assumed at 0.8 of a working day, a Sunday
at 0.7, etc.

In general, these coefficients fluctuate over the year according to the time period considered
(in MAED, the week, as stated in the preceding subsection) so that they are more properly
represented as P(i, id), [ = 1, 53 and id = 1, 7. Again, these coefficients must be given as input
data for each reference year of the study period. If the user does not want to change these
coefficients for a future year, he may repeat the same coefficients as for the previous year.
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Hourly coefficients: LCS(h, id)

The objective of the hourly coefficient is to weigh the energy consumption over the 24 hours
of the day. Each hour "h" of a day will be given a coefficient according to the level of
consumption in the hour, such as that the sum of the coefficients over the day is equal to 24.

In general, these coefficients are dependent on the time period of the year and the typical days
for hourly load variation being considered. The typical days for hourly load variation have
been already defined at the beginning of this section. They may be some particular days of the
week (for example, Wednesday, as a typical working day, Saturday and Sunday). Concerning
the variation according to the time period of the year, a differentiation can be made in the
program between the consumption in each of the four seasons as well as for the special
holidays period. Several types of clients or consumers with varying daily load characteristics
can also be distinguished for the sector being considered.

Each client type -ic- (in MAED, the user can define up to 6 clients for each sector) has a
weight in each day type -id- (in this case -id- may be less than 7, depending upon how many
typical days are considered to reflect the load hourly variation) and for each season -is- (four
seasons and the special holidays period considered in MAED) equal to -LCONTjs- as well as
hourly variation of electricity demand -LCOEF(h,ic,id)- which are given as input.
Consequently, from these data the program calculates the aggregated hourly coefficients
LCS;; of the sector for each season —is- from:

6
LCS, (h,id) = ZLCONTI.S (ic,id)* LCOEF, (h,ic,id)
ic=1
Before carrying out the above calculations, the program performs the following checks for all
seasons -is-:
and

6
D" LCONT, (ic,id)=100 »
P > LCOEF, (h,ic,id) =24

h=1

and if they are not fulfilled, a warning message, in the form of changed color to red of the cell
showing the sum of the coefficients for a particular day type, is displayed in the respective
worksheet.

The LCONT and LCOEF values must be given as input data for each reference year of study
period. If the user does not want to change these coefficients for a future year, he may repeat
the same coefficients as for the previous year.

Number of equivalent working days in a year
Having identified all above-mentioned coefficients, the total number of equivalent working
days for current year and sector is:

NODAYT
N= Y P(i,id)*K(@i)*T(i)
m=1
where NODAYT is the total number of days in the year, -id- stands for day type and -i- for
the week number of calendar day m.
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Thus, the energy consumption of the sector in the equivalent average working day:

EWDS = ENERGY /N
where ENERGY is the annual electricity consumption of the current sector in the current
model year estimated with MAED Module 1.

Determination of the average hourly power demand of the sector

The total electricity consumption of the current sector for the calendar day -m- of current year
is given by:

E(m) =EWDS * K(i) * T(i) * P(i,id) where -id- is the day type.
The electric power demand of the sector -it- in hour -h- of the day -m- is calculated as:

PVi(it, h, m) = E(m) * LCSi(h,id) / 24

Finally, the total annual electricity demand of the sector is:

ESUM (it) = Nofyg(m)

m=1

Determination of the average hourly power demand (or electric load) imposed on the
power generating system of the country

The methodology described above is applied to each of the four sectors considered in the
program, i.e. Industry, Transportation, Household and Service sectors. Once all sectoral total
annual demand and hourly loads have been determined, the program calculates the total
annual demand of the power generating system (ET) and the growth rate (GROWAV) of this
demand for the current year as following:

4
ET =) ESUM (it)

it=1

4
GROWAV =Y ESUM (it)* GROWTH (it)/ ET
it=1
The total electric load imposed to the generating system in hour -h- is simply obtained by
adding the load of each sector for the same hour, i.e.:

4
PT, (h,m)=Y_ PV, (it,ih,m)

it=1
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