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MedPro: Origins and objectives

 MedPro is the latest version of the MEDEE models used under
different versions since the mid-70’s.

 Used in 60 countries worldwide to provide energy demand
forecasts and analysis by various actors of the energy sector
(industry, governments, policy-makers…).

 MedPro is a bottom-up model for long term energy demand, load
curve, and GHG forecasts at national level (or regional level). It
analyses energy demand at a detailed level, by sub-sector and
end-use/appliances/type of vehicle.

 MedPro is usually used:

– To produce  reference demand forecasts showing the  impact 
on energy demand of current energy efficiency and GHG 
policies for a given socio economic development ("base-line”);

– To evaluate the change induced by energy efficiency and GHG 
measures and to derive by difference with the "base-line“  the 
existing potential for energy efficiency improvements.



Med-Pro: a techno-economic (bottom-up) 
simulation model

 Energy demand is simulated in details, for each main end-use
of energy

 Example: energy demand for space heating

Inside 
temperature

Number of 
dwellings

Useful energy need

Insulation level and 
floor area of dwellings

Final energy demand

Heating devices: energy
product, efficiency

Socio-economy Technology



Med-Pro: mathematical formulation

• Final energy demand calculated by aggregation: 

• Sectoral demand = sum of sectoral modules (ES= ES,I)

• Total demand = sum of sectoral demand (E =  ES)

• Engineer’s calculation for module’s demand : socio-economic 
indicator for needs or activities (AS,I) X specific useful energy need 
(SES,I) X energy market shares (MSS,I,E) / efficiencies (EFFS,I,E)           

ES,I = AS,I x SES,I x MSS,I,E / EFFS,I,E

• Engineer’s calculation and econometrics for simulation of socio-
economic and technology drivers evolution

― Stock-flow simulation: buildings, cars, industrial capacities,…

― Households equipment econometric functions,…
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Strengths and weaknesses of techno-economic 
models according to time span and issues

• Intrinsic strengths and weaknesses:

 Very robust for exploring the impacts of changes in technology, economic 
structures, life-styles, on energy demand, whatever the cause of these 
changes 

 Rather weak to capture direct influence of price/income changes on 
energy demand or rebound effect,

 But the assessment of budget coefficients provides good insights on the 
overall economic consistency of the foresight and keys for improving this 
consistency if necessary (iterative procedure)

• Strengths and weaknesses for decision assessment

 No assessment of cost of policies and no macro-economic feed-backs

 Rather strong to assess  impacts of policy measures (taxation, regulations, 
non-price incentives,…) on energy demand and expenses and CO2 
emissions
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MedPro structure

•Energy-intensive products (steel, cement, …)

•Branches (chemicals, food, non-metallic minerals, …)
Industry

•Passenger/freight

•By mode (road, rail, air, waterways)

•By type of vehicle (car, bus...)

Transport

•By zone (rural/urban)

•By end-use (cooking, hot water, air conditioning, …)

•By appliances 

Residential

•By branch (offices, hospitals, …)

•By end-use (air conditioning, space heating, …)
Tertiary

•By sub-sector (tractors, fishing…)Agriculture and fishing



• By branch
• By end-use
• By vehicle (cars, 

bus…)
• By zone
• …

Flexible 
disaggregation 

level

• Energy intensity
• Energy expenses
• CO2 emissions

• Passenger,
freight by 
mode… 

• Thermal,
electricit
y and 
non-
energy 
uses

• Cooking, hot 
water, space 
heating, air 
conditioning

• Lighting and 
other electric 
uses

• Thermal 
and 
electricity 
end-uses

• Public 
lighting

• Tractors,
water 
pumping
…

• Number of vehicles
• Production of energy 

intensive industries
• Building stock
• …

• GDP, population, 
value added, energy 
prices, productivity …

• Fuel efficiencies, 
mileage, new 
equipment
performance…

• Industrial output
• Vehicles stocks, traffic
• Dwellings, equipment…

• Energy intensive 
products

• Vehicles type
• End-use
• Appliances…

Outputs

Socio-economics

Specific 
consumption

Demand by 
energy

Indicators

Technological

Socio-economic 
variables 

Inputs

Modelling options

Flexible 
endogenization of 

parameters

Transport Industry Residential Tertiary

Total Energy Demand

Agriculture

MEDPRO bottom-up energy demand model: 
overview

Flexible 
disaggregation 

level
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Energy demand « drivers » for industry

• Production: 

– Energy is one of the production factors, with labour, capital, materials 

– The physical quantities produced drive the level of energy demand

• Specific energy consumption, energy efficiency: 

• For the same level of production, the energy demand level depends on the 
energy performance of the industrial processes

• The energy performance of the industrial processes is first a matter of 
technology: it is driven by autonomous technical progress, energy prices and 
energy efficiency policies

• When production is expressed in monetary terms, energy performance is 
measured by energy intensity, otherwise by specific energy consumption per 
ton

• Growth of production impacts energy performance through stock-flow 
mechanisms

• Energy mix: 

• Because of differences in energy yields, the level of the demand may vary 
according to energy mix for the same level of needs

• Energy mix are driven by energy prices (including taxes) and supply policies

• Yields are driven by the autonomous technological progress, by the energy 
prices and by energy efficiency policies
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Forecasting challenges for Industry

 Large energy heterogeneity of industrial productions : 

 Very wide dispersion of energy intensities; 

 Energy demand of industry can change only because changes in 
the structure of the production, with the same global production 
level

 A few factories may account for the bulk of industrial energy 
demand : no continuous relation between production volume 
and energy demand

 Industrial branches must  be separated out according to their 
energy intensity

 Difficulty to quantify the volume of production in an homogenous and 
robust way: 

 Energy demand is basically determined by the physical industrial 
output : we need to quantify the volume of production with 
indicators as close as possible to the physical reality

 Added value – the only aggregable indicator – is determined as 
much by the physical output as by the general economic conditions 
for the valorisation of this physical output
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Separate out large energy consuming industries from 
industrial branches, a solution for limiting the bias due to 
structural effects

 What are the large energy consuming industries (LECI’s)?

 high energy expenses compared to the added value (>5%); 

 high share of total energy consumption of industry; 

 a single plant may change dramatically the energy demand of the 
whole industry; 

 industrial processes may have very different specific energy 
requirement per ton of output; it is necessary to separate them.

 What consequences on industrial branches : 

 They become much more homogenous as to the energy intensity 
once the corresponding LECI’s have been taken out; 

 They can then be grouped on the basis of the homogeneity of the 
mix of end-uses
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Data requirement

 Sectoral consumption account: statistics on energy consumption per 
branch usually exist at detailed level (electricity, gas); statistical 
obligation of industries; surveys, audits; professional associations

 Specific energy need per ton, per process: professional associations, 
technical documentation; careful cross-country transposition is feasible

 Physical output and added value: usually available in industrial 
statistics and/or national accounts

 Energy yields in end-uses: normative test values
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Energy demand « drivers » for households

 Demography: 

 The population drives the needs of individuals; 

 The stock of dwellings drive the needs of the dwellings

 Urbanisation drives the needs for commercial energies

 Specific energy needs per person and per dwelling: 

 Energy needs per person/dwelling are driven by income and energy prices

 Depending on the energy efficiency standards of households equipment 
and dwellings, total energy needs may vary for the same population and 
the same stock of dwellings

 Energy efficiency is driven by the autonomous technological progress, by 
the energy prices and by energy efficiency policies

 Energy mix: 

 Because of differences in energy yields, the level of the demand may vary 
according to energy mix for the same level of needs

 Energy mix are driven by energy prices (including taxes) and supply 
policies

 Yields are driven by the autonomous technological progress, by the energy 
prices and by energy efficiency policies
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Forecasting challenges for households energy 
demand

 Large heterogeneity among end-uses as to the relation to the drivers: 

 Substitutability among energy carriers very dependant on end-
uses

 Strong differences in specific consumption (per person or per 
dwelling) and energy efficiency according to type and vintage of 
dwelling

 A complex relation between demography and energy demand: 

 Decrease in the average number of persons per dwelling

 Urbanisation is a strong driver of the dwelling stock increase

 Important role of dwelling equipment in the dynamics of needs
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Separate out the main end-uses, a solution to 
master the relations between energy and 
well-being

 What are the main end-uses?

 Basic end-uses: cooking and lighting

 Climatic conditions : space-heating and air conditioning

 Life comfort: sanitary hot water, electrical appliances

 How needs relate to dwelling characteristics and to equipment? 

 Heating and cooling: energy needs are determined by climatic 
conditions, but differently according to the dwelling characteristics 
and to the in-door equipment; the budget constraint is usually 
strong

 Hot water: energy needs are strongly related to socio-cultural 
habits, but also depend on the dwelling equipment; the budget 
constraint is medium

 Lighting, electrical appliances: equipment is highly dependant on 
income
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Data requirement for techno-economic 
models

 Energy sectoral account: Usually, there is no statistics on end-use 
consumption at a detailed level; some estimates are made by utilities 
for electricity and gas

 Specific energy consumption per person/dwelling: regulations (space 
heating / cooling, new construction); transposition from neighbour
countries is possible with care (electrical appliances, cooking, 
lighting); surveys

 Demography and dwellings: usually available in national statistics

 Energy yields in end-use: normative values
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Energy demand « drivers » for services

 Activity : 

 Energy is more a factor of working conditions than of production; 

 Employment and floor area are the real drivers of energy demand

 Employment and floor area are themselves driven by the economic 
growth

 Specific energy needs per employee / m2: 

 Very much dependant on buildings characteristics and equipment

 Energy efficiency is driven by the autonomous technological progress, 
by the energy prices and by energy efficiency policies, mainly for new 
construction

 Energy mix: 

 Because of differences in energy yields, the level of the demand may 
vary according to energy mix for the same level of needs

 Energy mix are driven by energy prices (including taxes) and supply 
policies

 Yields are driven by the autonomous technological progress, by the 
energy prices and by energy efficiency policies
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Forecasting challenges for services energy 
demand

 Energy consumption of services is usually badly defined and badly known: 

 Usually considered as a difference between total final energy demand 
and sum of other sectors: industry, households, transport and 
agriculture

 Significant discrepancies with definitions of service sector in economic 
statistics: employment, value-added (handicraft, small industry, 
transport services,…)

 Some « hidden » consumption: army, police, …

 Large diversity of forecasting issues within the services sector: 

 Large differences in m2/ employee depending on the activity (office 
versus education for example)

 Large differences in end-use structure according to the activity (office 
versus hospitals for instance)

 Large differences in m2 / building within a same type of activity (i.e. 
education)
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Data requirement

 Energy sectoral account: Usually, there is few/no statistics on energy 
consumption at the level of sub-sectors; usually not at all per building 
type or end-use; some estimates are made by utilities for electricity and 
gas

 Specific energy consumption per sub-sector, building type: 
professional associations, technical literature, transposition from 
neighbour countries is possible with precaution.

 Employment, floor area: employment per sub-sector is usually available 
in national statistics; floor area are scarcely available

 Energy yields in end-use: normative values
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Energy demand « drivers » for transport

 Traffics: 

 Traffics of transport vehicles are the real drivers of energy demand

 Traffic of transport vehicles is a matter of vehicle stock and annual distance 
travelled; for cars, the main driver of vehicle traffic is car ownership

 Traffics of vehicles are related to passengers and freight traffics through the 
load factors 

 Passengers and freight traffics, and car ownership, are driven by the economic 
growth

 Technology, energy efficiency: 
Very much dependant on transport modes and conditions of use
Energy efficiency of transport modes is driven by the autonomous technological 
progress, by the energy prices and by energy efficiency policies, only for new 
equipment

 Energy mix: 
Oil hegemony except in rail, some expectations for gas, biofuels and electricity
Because of differences in energy yields, the level of the demand may vary 
according to the energy mix for the same traffic (rail for example)
For light vehicles (cars mainly), annual distance travelled depends on motor-fuel 
used (because of differences in taxation, in type of uses, in life time,…)
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Forecasting challenges for transport energy 
demand

 Large heterogeneity of transport modes and activities as regard 
energy: 

 Large spectrum of specific energy consumption per traffic unit 
across modes

 Relations to economic drivers are  very different  for passengers 
and freight 

 Passengers and freight traffics are not enough to grasp 
comprehensively driving forces on energy demand

 Energy demand in road transport is driven by vehicle movement 
rather than by passengers or freight traffic

 Traffics are still necessary indicators for cross-modes 
aggregation purposes

 Private car is more than just a transport mode to supply a transport 
demand: 

 Car is first acquired for itself, for socio-cultural reasons

 When a household get a car, its mobility and traffic explodes
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Data requirement

 Energy sectoral account: 

 Usually, there is few/no statistics on energy consumption at the level of 
road transport, especially by vehicle type: estimations are mandatory

 statistics are usually available for rail, air and waterways

 Specific energy consumption per traffic unit or per vehicle-km: 

 Car manufacturers, professional associations, technical literature, 

 Transposition from neighbour countries is possible with precaution.

 Traffics and vehicle stock: 

 Some traffics available in transport statistics, some are not (cars,…)

 Traffics unit are not always homogenous (passengers, pass-km,..)

 Statistics on road vehicle stocks are usually bad (retirement of old 
vehicles badly recorded)

 Statistics on distances travelled are often missing
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Utilisation and purposes

 Outlook for final energy demand by sector/end-use

 Impact assessment of energy efficiency policies on final energy 
demand in the different end-use sectors

 Creation and projection of sectoral energy efficiency indicators: 
specific energy consumption, energy intensity, budget 
coefficients…

 GHG and pollutants emissions forecasts using the IPCC 
methodology (additional module)



Med-Pro results: interpretation

 Meaning of the projections: 

 the projections are strictly attached to the scenario framework; 

 none of them « tells » the future, all together frame the future; 

 none of them tells what is the good decision to take, but all together 
allows for measuring the economic risks linked to the decision; 

 a projection may be « good » and « useful » and never happen
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Example of output:
Energy efficiency potential assessment

 In the reference scenario, energy 
demand is expected to grow at the 
average growth rate of 4.2%/year to 
15 Mtoe. In the efficiency scenario, 
energy demand would reach only 12 
Mtoe.

 Industry accounts for almost half of 
the energy saving potential.

Efficiency ScenarioReference scenario

Energy efficiency potential



References on Energy Demand 
Forecasting with MEDEE models

 Energy demand forecasts with MEDEE model in about 60 
countries and regions in Europe, Asia, Latin America and Africa 
as well as in about 100 demand forecasting studies

 Recent energy demand forecasts and saving potential for:

o France:

 Ministry of Environment (2008-2015)

 Centre d’Analyse Stratégique / Commissariat Général au Plan 
(1996, 1997, 2001, 2006)

 ADEME - French Energy Agency (ongoing)

o Morocco, Ministry of Energy, Mines, Water & the Environment (2015)

o Turkey, Ministry of Energy (2005-2007, 2015)

o Tunisia, National Energy Management Agency (ANME) (2012)

o Belgium, Ministry of Economy (2003)
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