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A. History  
The PRIMES (Price - Induced Market Equilibrium System) energy 
system model is a development of  the Energy -Economy -

Environment Modelling Laboratory at National Technical University 
of Athens in the context of a series of research programmes co -

financed by the European Commission. The model has been 
successfully peer reviewed in the framework of the European 

Commission in 1997 and in 201 2. The techno -economic 
parameters of the PRIMES model were recently reviewed by a 

broad range of stakeholders within an ASSET project study. 1  

From the very beginning, in 1993 -1994, the  design of the  PRIMES 

energy model focus ed on market mechanisms and aimed at 
explicitly project ing  prices , which  influenc e the evolution of energy 

demand and supply as well as  technology progress . The model 
structure is  modular . The modules differ by sector in an aim to  

represent  agent behaviours and their int eractions within the 

markets  as close as possible to reality . The model design  
combine s microeconomic foundation  of behaviours  with 

engineering  and technology  details.  The mathematical 
specification  focuses on simul ati on of  structural changes and long -

term  system  transitions , rather than short term forecasting .   

From mid -90s until today , the model is regularly extended and 

updated . Numerous studies have been performed us ing  PRIMES, 
and numerous third party studies h ave used projections produced 

using PRIMES.  The majority of these studies focused on medium 
and long term restructuring of the EU energy system, aiming at  

reducing carbon emissions. PRIMES supported analysis for major 
energy policy and market issues, including electricity market, gas 

supply,  renewable energy development, energy efficiency  in 
demand sectors and numerous technology specific analysis, such 

as on CCS, nuclear, etc.  The PRIMES model has quantif ied  energy 

outlook scenarios for the EU  (Trends publications since 1990) , the 
latest being the ñReference scenario 2016ò, impact assessment 

studies for the EC , including for the Clean Energy Package for all  
Europeans, as well as the work for the Mid -century Strategy 

(forthcoming end 2018) . PRIMES also supported  national 
projections  for governments, companies and other institutions 

including for EURELECTRIC , EUROGAS and many others . 

                                                             

1 https://ec.europa.eu/energy/en/stud ies/review -technology-assumptions-decarbonisation-scenarios  

https://ec.europa.eu/energy/en/studies/review-technology-assumptions-decarbonisation-scenarios
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B. General Overview  
PRIMES provides detailed projections of energy demand, supply, prices and 

investment to the future, covering the entire energy system including 

emissions for each individual European country and for Europe-wide trade of 

energy commodities. 

The distinctive feature of PRIMES is the combination of behavioural modelling 

following a micro-economic foundation with engineering and system aspects, 

covering all sectors and markets at a high level of detail. 

PRIMES focuses on prices as a means of balancing demand and supply 

simultaneously in several markets for energy and emissions. The model 

determines market equilibrium volumes by finding the prices of each energy 

form such that the quantity producers find best to supply matches the quantity 

consumers wish to use. 

Investment is generally endogenous in PRIMES and in all sectors, including for 

purchasing of equipment and vehicles in demand sectors and for building 

energy producing plants in supply sectors. The model handles dynamics under 

different anticipation assumptions and projects over a long-term horizon 

keeping track of technology vintages in all sectors. Technology learning and 

economies of scale are fully included and are generally endogenous depending 

on market development. 

PRIMES model design is suitable for medium- and long-term energy system 

projections and system restructuring up to 2070, in both demand and supply 

sides. The model can support impact assessment of specific energy and 

environment policies and measures, applied at Member State or EU level, 

including price signals, such as taxation, subsidies, ETS, technology promoting 

policies, RES supporting policies, efficiency promoting policies, environmental 

policies and technology standards. PRIMES is sufficiently detailed to represent 

concrete policy measures in various sectors, including market design options 

for the EU internal electricity and gas markets. Policy analysis draws on 

comparing results of scenarios against a reference projection. 

The linked models PRIMES, GEM-%σ ÁÎÄ ))!3!ȭÓ '!).3 ɉÆÏÒ ÎÏÎ-CO2 gases and 

air quality) perform energy-economy-environment policy analysis in a closed-

loop. 

'ÅÎÅÒÁÌ ÁÉÍÓ ÏÆ 
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C. Overview of Methodology  
The PRIMES model comprises several sub-models (modules), each one 

representing the behaviour of a specific (or representative) agent, a demander 

and/or a supplier of energy. The sub-models link with each other through a 

model integration algorithm, which determines equilibrium prices in multiple 

markets and equilibrium volumes meets balancing and overall (e.g. emission) 

constraints.   

Mathematically PRIMES solves an EPEC problem (equilibrium problem with 

equilibrium constraints)  which allows prices to be explicitly determined. 

The agentsȭ ÂÅÈÁÖÉÏÕÒs are sector-specific. The modelling draws on structural 

microeconomics: each demand module formulates a representative agent who 

maximises benefits (profit, utility, etc.) from energy demand and non-energy 

inputs (commodities, production factors) subject to prices, budget and other 

constraints. The constraints relate to activity, comfort, equipment, technology, 

environment or fuel availability. The supply modules formulate stylised 

companies aiming at minimising costs (or maximising profits in model variants 

focusing on market competition) to meet demand subject to constraints 

related to capacities, fuel availability, environment, system reliability, etc.  

PRIMES is a hybrid model in the sense that it captures technology and 

engineering detail together with micro and macro interactions and dynamics. 

Because PRIMES follows a structural modelling approach, in contrast with 

reduced-form modelling, it integrates technology/engineering details and 

constraints in economic modelling of behaviours. Microeconomic foundation is 

a distinguishing feature of the PRIMES model and applies to all sectors. The 

modelling of decisions draw on economics, but the constraints and possibilities 

reflect engineering feasibility and restrictions.  

The model thus combines economics with engineering, ensuring consistency in 

terms of engineering feasibility, being transparent in terms of system 

operation and being able to capture features of individual technologies and 

policies influencing their development. Nevertheless, PRIMES is more 

aggregated than engineering models, but far more disaggregated than 

econometric (or reduced form) models. 

The model performs analytical cost estimations and projections by sector both 

in demand and supply, as well as for infrastructure. Supply-side modules 

determine commodity and infrastructure prices by end-use sector (tariffs) by 

"ÁÓÉÃ 
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applying various methodologies by sector as appropriate for recovering costs 

depending on market conditions and regulation where applicable.  

Prices influence demand and demand influences in turn supply. Thus, a closed-

loop between demand and supply solves simultaneously for all markets. Both 

demand and supply modules may be subject to system-wide constraints, 

mirroring overall targets for example on emissions, renewables, efficiency, 

import dependency, etc. The demand and supply modules are subject to 

system-wide constraints, which when binding convey non-zero shadow prices 

(dual values) to the demand and supply modules. Therefore, the PRIMES 

model has overall a mixed-complementarity mathematical structure. The 

overall convergence algorithm simultaneously determines multi -market 

equilibrium while meeting the system-wide constraints.  

The agents are a priori price-takers when being energy demanders and price-

makers when being energy suppliers. Optionally the model can handle non-

perfect market competition regimes. The electricity and gas market modules 

optionally include explicit companies (or stylised companies) and apply Nash-

Cournot competition with conjectural variations.  

In the demand sub-models, the agents are simultaneously self-producers of 

energy services (e.g. using a private car, heating using a residential boiler, etc.) 

and purchasers of marketed energy commodities. The pricing of self-supplied 

energy services is endogenous and reflect average total costs.  The mix of self-

supply and the purchasing from external suppliers (e.g. private cars versus 

public transportation, residential boiler versus district heating) derives from 

ÁÇÅÎÔȭÓ ÏÐÔÉÍÉÓÁÔÉÏÎȢ 

Pricing and costing include taxes, subsidies, levies and charges, congestion 

fees, tariffs for use of infrastructure etc. Usually these instruments are 

exogenous to the model and reflect policy assumptions.  The model handles 

endogenously cap and trade policies and policies reflecting obligations. The 

cap and trade policies (for example trading of emission allowances, green 

certificates and white certificates) involve issuance of certificates (or permits) 

and trading rules. The model projects certificate prices of equilibrium as result 

of simultaneous equilibrium of all markets. The model represent obligations, 

such as renewables or energy efficiency targets, as constraints. The model 

estimates the shadow prices associated to such constraints, and includes them 

in demand and supply sub-models where appropriate.  

Some cost components are subjective reflecting uncertainty and perception 

about performance and cost of advanced, not yet mature, technologies.  
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PRIMES follows a descriptive approach concerning factors which influence 

decisions by private entities where perceived costs and uncertainty factors 

play a significant role. Policy measures can reduce uncertainty and decrease 

perceived costs: such a mechanism in the model is often used to simulate 

policy inducing higher uptake of advanced technology or investment enabling 

accelerated energy efficiency progress.  

The PRIMES model is fully dynamic and has options regarding future 

anticipation by agents in decision-making. Usually, PRIMES assumes perfect 

foresight over a short time horizon for demand sectors and perfect foresight 

over long time horizon for supply sectors. The sub-models solve over the 

entire projection period in each cycle of interaction between demand and 

supply and so market equilibrium is dynamic and not static. Other options are 

available allowing the model user to specify shorter time horizons for 

foresight. 

All economic decisions of the agents are dynamic and concern both operation 

of existing equipment and investment in new equipment, both when 

equipment is using energy and when it is producing energy.  

Capital formation derives from economically driven investment and follows a 

dynamic accounting of equipment technology vintages: equipment invested on 

a specific date inherit the technical-economic characteristics of the technology 

vintage corresponding to that date. Capital turnover is dynamic and the model 

keeps track of capital vintages and their specific technical characteristics. The 

ÁÇÅÎÔȭÓ ÉÎÖÅÓÔÍÅÎÔ ÂÅÈÁÖÉÏÕÒ ÃÏÎÓÉÓÔÓ ÉÎ ÂÕÉÌÄÉÎÇ ÏÒ ÐÕÒÃÈÁÓÉÎÇ ÎÅ× ÅÎÅÒÇÙ 

equipment to cover new needs, or retrofitting existing equipment or even for 

replacing prematurely old equipment for economic reasons. 

All formulations of agent behaviours consider technologies, which are either 

existing at present or expected to become available in the future. The 

technology selection decisions depend on technical-economic characteristics 

of these technologies, which change over time either autonomously 

(exogenous) or because of the technology-selection decisions (learning and 

scale effects). Perceived costs associated to technologies may change in 

synchronised manner with technology uptake and learning. 

The outcomes of decisions by sector generally depend on availability of 

infrastructure  and the usage tariffs. The model projects infrastructure tariffs 

for cost recovering using regulated discount rates. Availability of 

infrastructure influences technology uptake where applicable.  
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Investment in network infrastructure is exogenous to the model but it can vary 

by scenario. It includes electricity grids, smart systems, gas infrastructure, CO2 

transportation and storage, refuelling and recharging infrastructure in 

transport sector. 

The agentsȭ ÉÎÖÅÓÔÍÅÎÔ for energy production, the purchasing of durable goods 

by consumers and the energy saving expenditures in buildings and houses are 

simulated as capital-budgeting decisions for new investment, possible 

premature scrapping of old equipment or for retrofitting old equipment. 

Retrofitting depends on specific costs and scrapping depends on maintenance 

and variable costs, which increase over time because of ageing.  Investment 

and scrapping decisions are included in accounting for the dynamics of 

capacity stocks in all sub-models. 

The capital budgeting decisions refer to choices with different distributions of 

fixed and variable costs over time. The choices depend on annuity payments 

for investment expenditures, which in turn depend on interest rates, which are 

specific to each agent (sector). 

PRIMES follows a descriptive approach to the modelling of interest rates based 

on the opportunity cost of drawing funds from individuals or private 

companies. Interest rates are calculated based on the concept of WACC 

(weighted average cost of capital), which involve a basic risk-free interest rate 

applied on equity capital, a bank lending interest rate applied on the part of 

capital borrowed and a risk premium. All rates are net of inflation.  

The interest rates applied on equity capital reflect agent-specific subjective 

rates and are sector-specific. Risk premiums apply with  two components: one 

specific to each sector and one specific to the candidate technology. For the 

latter the model considers that innovative technologies that may not be 

sufficiently mature or that may not dispose a sufficiently broad maintenance 

service support are more risky than market-established technologies. 

Different scenarios quantified using PRIMES may imply different distributions 

of costs over time. To compare them and to aggregate system-wide costs over 

time a present value method applies as a calculation external to PRIMES. The 

comparison of performance across scenarios uses aggregation of costs over 

time, which by default uses a social discount rate. This rate differs in nature 

from the interest rates used by sector to annualise investment expenditures 

and to compare choices from a private investor perspective. The sector-

specific interest rates reflect opportunity costs of raising funds by private 

entities and the social discount rate reflects opportunity costs of raising funds 
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by the public sector. The discount rates are exogenous and can vary by 

scenario. 

For each sector, representative agents optimise an economic objective 

function: utility maximisation for households and passenger transport and cost 

minimisation for industrial, tertiary and freight transport sector s. 

To optimise, the model firstly  considers useful energy demand (end-use 

energy services) and then a nesting of further decisions. At the upper level of 

the nesting, energy is a production factor or a utility providing factor and 

competes with non-energy inputs. Useful energy, as derived at upper level, 

decomposes into uses and processes (e.g. water heating, motor drives, 

industrial processes, etc.). Useful energy (e.g. air conditioning, lighting, motive 

power) fulfils by consuming final energy, which derives from optimi sation 

involving self-supply, purchasing of marketed commodities and investment in 

equipment. Each demand model involves an internal demand and supply loop 

formulated in mixed complementarity mathematical structure. The self-supply 

is dynamic over time involving endogenous choice of equipment (vintages, 

technologies and learning), endogenous investment in energy efficiency 

(savings), endogenous purchase of associated energy carriers and fuels 

(demander is price taker). Mathematics based on discrete choice theory 

captures heterogeneity within each representative agent. Decisions at each 

nesting level uses relative costs based on equivalent perceived cost, reflecting 

actual costs, utility (e.g. comfort) and risk premium.  

Industrial energy demand modelling starts from projecting physical output; 

the model focuses on materials, process flow and efficiency potential. The 

process flows include a variety of stylised industrial processes. The model 

distinguishes between scrap/ recycling processes and basic processing for iron 

and steel, aluminium, copper, glass and cement (own production of clinker 

versus import of clinker). The process flows recycle industrial by-products 

such as black liquor, blast furnace gas, etc. Energy saving possibilities depend 

on capital turnover, which his dynamic and endogenous. The possibilities are 

specific to the current and future technologies, which are available for each 

type of industrial process. The model includes possibility of shifts towards 

more efficient process technologies and horizontal processing measures. 

Interaction with Power and Steam sub-model for industrial CHP and boilers 

performs through the model-integrating module. Substitutions are possible 

between processes, energy forms, technologies and energy savings.  

For residential and tertiary sectors, multiple  substitutions are possible. Useful 

energy demand depends on behavioural characteristics partly influenced by 

%ÎÅÒÇÙ $ÅÍÁÎÄ 

ÓÅÃÔÏÒÓȡ 

¶ $ÅÍÁÎÄ ÆÏÒ 

ÅÎÅÒÇÙ ÄÅÒÉÖÅÄ 

ÆÒÏÍ 

ÍÉÃÒÏÅÃÏÎÏÍÉÃ 

ÏÐÔÉÍÉÚÁÔÉÏÎ 

¶ $ÅÔÁÉÌÅÄ ÁÎÄ 

ÔÒÁÎÓÐÁÒÅÎÔ 

ÄÅÍÁÎÄ 

ÆÏÒÍÁÔÉÏÎ ÆÒÏÍ 

ÅÎÄȤÕÓÅ ÓÅÒÖÉÃÅÓ 

ÕÐ ÔÏ ÆÉÎÁÌ 

ÅÎÅÒÇÙ ÁÎÄ ÕÓÅ 

ÏÆ ÅÑÕÉÐÍÅÎÔ 

¶ %ÎÄÏÇÅÎÏÕÓ 

ÃÈÏÉÃÅ ÏÆ 

ÔÅÃÈÎÏÌÏÇÙ ÁÎÄ 

ÅÎÅÒÇÙ ÓÁÖÉÎÇÓ 

ÉÎÖÅÓÔÍÅÎÔ 

¶  &ÏÃÕÓ ÏÎ 

ÍÁÔÅÒÉÁÌÓȟ 

ÅÆÆÉÃÉÅÎÃÙ ÁÎÄ 

ÐÒÏÃÅÓÓÉÎÇ ÉÎ 

ÉÎÄÕÓÔÒÉÁÌ ÓÕÂȤ

ÍÏÄÅÌÓ 

¶ &ÏÃÕÓ ÏÎ 

ÅÆÆÉÃÉÅÎÃÙ ÁÎÄ 

ÒÅÎÏÖÁÔÉÏÎ ÏÆ 

ÂÕÉÌÄÉÎÇÓȾÈÏÕÓÅ

Ó ÁÎÄ ÏÎ 

ÁÐÐÌÉÁÎÃÅÓ 

 



PRIMES 2018 
    

 

Page 8         
 

costs and prices. The model includes a distinction of households types 

according to energy consumption, it further distinguishes agriculture and 

services which are broken down by sub-sector (e.g. market services, trade); 

electric appliances are treated separately in all sectors. Final energy demand 

depends on thermal integrity of buildings, with consideration of renovation 

investment (several categories) and vintages. The model includes heat pumps 

and direct use of RES. 

Demand-related decisions at all levels depend on a large variety of policies, 

which are explicitly represented. 

PRIMES is very detailed in energy supply sub-models aiming at representing 

system operation aspects, related to interoperability between production units 

and transportation infrastructure over networks and other means including 

storage, and reliable delivery of energy to time-varying demand when storage 

is limited, such as for electricity, gas and distributed heat/steam.  

Load curves (chronological covering typical time-periods by year) for each 

carrier (electricity, gas, distributed heat/steam) with time-varying demand 

derive in the model in a bottom up manner depending on the load profiles of 

individual end-uses of energy. Smart metering and other load and demand 

management measures are included aiming at influencing demand variability. 

In the simulation of electricity system operation PRIMES takes into account the 

intermittency features of renewable sources. Although it represents renewable 

sources in a deterministic manner, the model captures balancing, flexibility  

and reserve-power requirements.  

PRIMES models in detail trade of electricity and gas across countries deriving 

from simulation of Europe-wide interconnected systems including full 

modelling details by individual country.  

PRIMES synchronises demand variability between electricity and distributed 

heat/steam and captures operation of cogeneration units, which produce both 

electricity and heat depending on both markets.  

The simulation of power and heat/steam markets includes competition 

between plants for different purposes (pure electric, CHP, industrial boilers), 

takes into account networks in power and steam/heat markets and represents 

plant economics by scale and aim, distinguishing between utilities, industries 

and highly distributed generation. Self-production (by industries or 

individuals) is an endogenous possibility among the options and has distinct 

plant economics and dependency on grids.  
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PRIMES represents competing storage technologies and simulates their 

operation in the supply systems. Investment in storage is endogenous driven 

by economics. 

PRIMES includes all other fuel supply sectors, including extraction, imports, 

bri quetting, liquefaction/gasification, bio-energy conversion, synthetic gas, 

hydrogen and refineries. PRIMES generally involves non-linear formulations: 

¶ Useful energy demand involves saturation levels and uses non-linear 

formulas 

¶ The energy demand models formulate nested budgeting and involve 

non-linear indifference and isocost curves 

¶ Models of discrete technology choices are non-linear (e.g. using Weibull 

or logit functions) 

¶ Economics of scale and learning-by-doing are non-linear by nature 

¶ Costs related to potentials of resources (e.g. renewables) or to 

possibilities of energy savings (e.g. energy efficiency measures) are 

represented as non-linear cost-quantity functions 

¶ In power system optimisation non-linear cost-curves represent fuel 

supply, renewable potentials and limitations on development of new 

power plant sites, where applicable (e.g. nuclear plant sites, wind sites, 

etc.) 

¶ Similarly storage potential including for CO2 storage involve non-linear 

cost curves 

¶ Cost of infrastructure depends on features such as integration of RES, 

high distribution etc. in a non-linear manner. 

  
PRIMES Modelling Scheme 

 
Demand = function of Price 

 Through fairly complex energy demand projection models by sector 

Supply = Demand 

 Through complex energy supply models with system operation and 

network details 

Price = function of Supply 

 Through a finance and pricing model which reflects costs, market 

competition regime and regulation 

System-wide targets 

 They influence all sub-models which see shadow prices associated to 

targets 

Iteration on Prices and shadow prices until reaching equilibrium 

 Iterations follow a Gauss-Seidel algorithm 
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Exogenous 
¶ Economic Activity 

¶ World energy prices 

¶ Technology parameters 

¶ Policies and measures 

Sequence of model interactions 
¶ Agents (representative household, industry per sector, services, power 

generation, etc.) act individually optimizing their profit or welfare, influenced 

by habits, comfort, risk, technology, system reliability, etc. using individual 

(private) discount rates for capital-budgeting choices 

¶ Accordingly they determine energy flows, investment and choice of explicit 

technologies in vintages 

¶ Demand and supply of energy commodities interact with each other over a 

market with  assumed competition regime 

¶ Simultaneous energy (and emissions or certificate) markets are cleared to 

determine prices that balance demand and supply  

¶ Commodity tariffs  reflect costs and apply a Ramsey-Boiteux methodology to 

recover fixed costs and determine a distribution of tariffs across sectors 

¶ Market equilibrium spans over the entire time horizon with investment being 

endogenous 

¶ Overall or sectorial restrictions apply, for example on carbon dioxide 

emissions or for other targets 

Mathematically, the model solves as a concatenation of mixed-complementarity 

problems with equilibrium conditions and overall constraints (e.g. carbon constraint 

wit h associated shadow carbon value); this is an EPEC problem. 

Foresight ÉÓ ÂÕÉÌÔ ÉÎ ÔÈÅ ÁÇÅÎÔÓȭ ÄÅÃÉÓÉÏÎ-making representations, depending on 

lifetime of equipment with market  equilibrium being intertemporal.  

Explicit technologies are included in all demand and supply sectors 

¶ Technology dynamics 

¶ Vintages 

¶ Penetration of new technologies 

¶ Inertia from past capital stocks and in future from capital turnover 

3ÕÍÍÁÒÙ ÏÆ 
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D. Stylized Mathematical Description  
¶ Consumers get utility using energy and non-energy goods and services, including energy 

efficiency as a means of meeting useful energy demand.  

¶ Producers of energy carriers such as electricity, gas, distributed heat or hydrogen mix 

through optimization fossil fuels and clean energy forms (e.g. renewables, nuclear or 

carbon capture and storage) to produce the amounts demanded by consumers.  

¶ They set prices of energy carriers to reflect total production costs. Consumers are price 

takers but price-elastic.  

¶ The primary energy sources, which are the fossil fuels, the clean energy forms used by 

consumers and those used by energy carrier producers, use prices depending on cost-

supply curves with a positive slope and exhaustible potential.  

¶ The consumers of primary energy forms are assumed price takers. 

¶ Demand and supply behaviours are balanced in simultaneously clearing markets at 

primary, carrier and final energy levels 

¶ Overall and sectoral policy constraints may apply, e.g. regulations, emission targets, 

renewable targets, energy efficiency targets 

¶ The consumers and producers see the constraints through their associated shadow values 

(e.g. marginal costs) which are found different from zero if they are binding at equilibrium 

¶ All decisions also involve capital budgeting choices, hence determine investment using 

technologies with features changing over time (vintages); capital stock is dynamically 

updated exerting capacity constraints on flows 

¶ Thus, decisions depend on anticipation about future evolution; the model applies perfect 

or partial foresight. 

D.1. Stylized Model  
Consumers (problem (1))  maximize utility (Ὗ) under budget constraint (ὶ is given 
disposable income) and choose the mix of final energy (ὊὉ - the energy bundle), 
further split in fossil fuels (ὊὊὉ), energy carriers (Ὁὅ) and clean energy forms (ὅὊὉ), 
and non-energy inputs (ὔὉ). Consumers perceive emission costs depending on a 
shadow carbon price (ὧὴ), termed as carbon value, which is the dual variable of an 
emission cap (4), but they do not actually incur carbon payments (this corresponds to 
the concept of carbon value, as opposed to carbon price). Energy carrier producers 
(problem (2))  minimize production costs (ὅ) to meet given demand (Ὁὅ) increased by 
distribution losses (ὰέί denotes the rate of losses). They mix fossil fuels (ὊὉὅ) and 
clean energy forms (ὅὉὅ) through a production function. They price energy carriers 
(3) so as to recover fixed and variable costs also depending on market competition 
regime; tariff setting is denoted by function ꞊ , depending on production costs (ὅ) and 
volume of demand (Ὁὅ); this function is a complex financial sub-model in PRIMES. 
Tariffs may (optionally)  include passing through of carbon costs to consumer prices, 
depending on carbon price (ὧὴ) which is the dual variable of (4), if producers are 
assumed to incur carbon payments (e.g. ETS). Total emissions, depend on unit 
emissions (Ὡ ȟὩ  of fossil fuel consumption and have to be lower than a given 

3ÕÍÍÁÒÙ ÏÆ 
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3ÔÒÕÃÔÕÒÁÌ ÆÏÒÍ ÏÆ 

02)-%3 ÍÏÄÅÌ 

ÆÏÒÍÕÌÁÔÉÏÎ 

 

cap (ὧὥὴ).  Policy may impose a system-wide clean energy obligation (e.g. RES 
obligation) expressed by (5) as share of gross final energy consumption (ὶὩί is the 
target and ὶὺ is the shadow price of the constraint, called RES value). Constraint (6) 
introduces an energy saving (or efficiency) obligation, restricting final energy 
consumption by a given upper bound (ίὥὺ); shadow price to this constraint is Ὡὺ 
called efficiency value.   

In the formulation , ᴥ is the utility function, ꞈ  is a production function. Their structure 
define the substitution possibilities between fossil fuels, energy carriers and clean 
ÅÎÅÒÇÙ ÆÏÒÍÓ ÁÔ ÔÈÅ ÃÏÎÓÕÍÅÒÓȭ ÌÅÖÅÌȟ with  ᴍ being a production function mixing fossil 
fuels and clean energy forms to produce energy carriers. ᴕ  and ᴕ  denote the 
cost-quantity curves for fossil fuels addressed to consumers and energy carrier 
producers, respectively. ᴕ  and ᴕ  are the cost-quantity curves of clean energy 
forms used at consumer and producer levels respectively. All these functions are in 
PRIMES complex sub-models and not analytical functions; similarly the pricing/tariff 
equation is a complex sub-model. The cost-quantity curves (representing cost-supply 
locus of a resource) apply in all demand and supply models to represent non-linear 
resource constraints and price-responsiveness in relation to potentials. The concept 
of resource cost curves apply on all possible potentials including energy efficiency, 
RES, technology progress, storage, fuel supply, etc. The formulation below shows the 
complex sub-models as simple functions for illustration purposes. 

ρ

ụ
Ụ
Ụ
Ụ
ợ

-ÁØ
ȟ ȟ ȟ

Ὗ ᴥꞈὊὊὉȟὉὅȟὅὊὉȟὔὉ

ᴕ ὊὊὉϽὊὊὉὴ ϽὉὅ ᴕ ὅὊὉϽὅὊὉὴ ϽὔὉ ὶ
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σ ὴ ꞊ ὅȟὉὅ 

τ Ὡ ϽὊὊὉὩ ϽὊὉὅὧὥὴ    Ṷ   ὧὴ 

υ ὅὊὉὅὉὅὶὩίϽὊὊὉ
Ὁὅ

ρ ὰέί
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φ ꞈὊὊὉȟὉὅȟὅὊὉ   ίὥὺṶὩὺ 

We firstly transform the optimisation problems (1) and (2) into equivalent mixed-
complementarity problems, to solve the EPEC problem. We take the derivatives of 
Lagrange functions assuming that both demanders and suppliers see shadow prices 
associated to system-wide constraints and that demanders are price takers. The 
transformed problem is as follows (‗ is the marginal utility of income and ‗ is the 
marginal cost of energy carrier production):   
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-ÉØÅÄ 

ÃÏÍÐÌÅÍÅÎÔÁÒÉÔÙ 

ÆÏÒÍ ÏÆ 02)-%3 

ÍÏÄÅÌ ÆÏÒÍÕÌÁÔÉÏÎ 
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The system of complementarity conditions (6) to (17) is representative of the entire 
PRIMES model. 

D.2. Using PRIMES to meet policy targets: illustration  
Assuming usual convexity conditions for problems (1) and (2), the consumers exhaust 
disposable income and producers exactly meet demand. Thus, conditions (10) and 
(13) lead to equality and the associated multipliers are strictly positive. As the 
system-wide targets (15 to 17) entail increasing costs for being met, maximising 
welfare suggests that they are exactly met in equilibrium when the bounds ὧὥὴȟὶὩί 
and ίὥὺ are sufficiently stringent. It is possible that some or even none of the target 
constraints bind at equilibrium, in which case the associated shadow prices are zero. 
As all cost-supply functions (ᴕ) are monotonically increasing, and so consumers and 
producers use all kinds of inputs at equilibrium . In such case, all conditions (6) to (14) 
are equalities in the optimal solution and the associated unknown variables are 
stri ctly positive. The optimum use of utility enabling inputs (see conditions 6 to 9) is 
determined at a level where marginal utility is equal to marginal costs including 
marginal impacts on system-wide targets. Similarly, inputs to energy carrier 
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production are determined at a level where marginal productivity equals marginal 
costs including impacts on system-wide targets. Thus, meeting the system-wide 
targets implies shifting away from inputs implying largest marginal deviation from 
targets. 

When policies set stringent targets, the demand for fossil fuels decreases but also 
fossil fuel prices tend to decrease (due to the increasing fuel cost-supply curve). At the 
same time unit costs of clean resources tend to increase, since their cost-supply curve 
indicates that their  use approaches maximum potential and therefore increased 
marginal costs occur. The gradients of the cost-supply (or cost-quantity)  influence 
consumers and producers in their optimising behaviour. 

Electricity prices are set through (14) at a level sufficient to recover all costs. 
According to (10) the consumers do not pay directly for carbon emissions (unless 
carbon pricing is implemented through cap and trade or via a tax), but they do take 
into account shadow carbon prices in the choice of input mix charges on fossil fuels, 
through (8), to determine their energy mix. They indirectly incur additional costs and 
the purchasing power of income decreases; hence utility level decreases, when the 
emission constraint (15) is binding. To compensate for this utility loss, additional 
income would be necessitated, which correspond to valuation of disutility costs. 
Similarly, consumers and producers are incited to meet the renewables and/or the 
efficiency obligation as the renewables and efficiency values influence their 
optimising behaviour in (6), (7), (8) for consumers and in (12) for producers. When 
constraints (16) and (17) are binding, the renewable and efficiency values are non-
zero (positive) and the input mix is influenced both for consumers and producers, and 
so indirectly costs increase. 

When the policy constraints entail lower marginal costs in production of energy 
carriers than in final consumption, then the consumers will tend to use more energy 
carriers to the detriment of fossil fuels. This holds true if the change in energy carrier 
price (ὴ ) driven by carbon price is lower than the increase of marginal cost of clean 
energy forms (ᴕ ) used directly by final consumers. An example is growing 
electrification of demand. 

Energy efficiency improvement is reflected also through substitution between the 
energy bundle and the non-energy input to utility ; example are more efficient use of 
materials, change in habits, use of materials and equipment to increase efficiency of 
building structures and factories and more efficiency in mobility. If substitution to 
non-energy is less costly than substitution within the energy bundle at the final 
energy demand level, then energy savings dominate and so the decarbonisation 
possibilities in energy carrier production are of less importance. Conversely, if 
substitution within the energy bundle is flexible enough and if emission reduction in 
energy carrier production is flexible, then the energy carrier gets a higher share in 
final energy demand and helps achieving lower emissions. Such a case occurs mostly 
when time lags are sufficient to allow for renewing the capital stock in energy carrier 
production; in the short term the impossibility to renew the capital stock imply low 
adaptation flexibility in energy carrier production. The absence of flexibility in the 
substitution between energy and non-energy at final demand level may lead to very 
high compliance costs, as employing only substitutions within the final energy bundle 
and within energy carrier production may imply high use of clean resources entailing 
high nonlinear costs.  
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E. Policy focus 
PRIMES includes a rich representation of policy instruments and measures. 

Based on long experience with using PRIMES in major policy analysis and 

impact assessment studies of the European Commission, national governments 

and industrial institutions, detailed mechanisms have been built in the model 

to represent a large variety of policy measures and regulations. Scenario 

construction assumptions about the inclusion of policies can be made in close 

collaboration with the authority getting the modelling service because the 

modelling detail is high allowing for mirroring policies close to reality. 

The policy instruments classified in groups are as follows: 

4ÁÒÇÅÔÓȡ they can be directly included in the model at various level, by sector, 

by country, and EU-wide; they may concern emissions, renewables, energy 

efficiency, security of supply, fossil fuel independence, and others. 

Performance against targets derives from projection data. The PRIMES 

reporting facility includes calculation of indicators according to regulations 

(e.g. RES shares). 

0ÒÉÃÅ ÏÒ ÃÏÓÔ ÄÒÉÖÉÎÇ ÐÏÌÉÃÉÅÓȡ  

¶ Taxation is exogenous and follows the level of detail of regulations, being 

specific for fuels, sectors and countries. The data draw from the EU taxation 

directives. Additional information determine values for subsidies and other 

forms of state supports. 

¶ Cap and trade mechanisms and tradable certificate systems, including 

Emission Trading Scheme, green and white certificates; the model 

represents a variety of regimes and regulations, including grandfathering 

and auctioning with different regulations by sector, and can handle floor 

and cap prices as well as various assumptions about allowances and their 

composition. Trade of certificates or allowances can be handled over the 

EU or by country (or other grouping of countries) and also over time 

including consideration of influence of foresight and risk-related 

behaviours 

¶ Feed-in tariffs and other renewable support schemes: treated in great 

detail in PRIMES including historical data and projection of consequences 

over time; inclusion of possible budget constraints and modelling of 

individual project developments on RES based on project-based financing 

depending on support schemes totally or partially and the eventual 

involvement of the RES project in the market. 

-ÏÄÅÌÌÉÎÇ ÏÆ 

ÐÏÌÉÃÙ ÍÅÁÓÕÒÅÓȡ 

¶ 7ÉÄÅ ÃÏÖÅÒÁÇÅ 

ÏÆ ÐÏÌÉÃÉÅÓ  

¶ 4ÁÒÇÅÔÓ 

¶ 0ÏÌÉÃÉÅÓ ÉÎÄÕÃÉÎÇ 

ÅÆÆÅÃÔÓ ÏÎ ÃÏÓÔÓ 

ÁÎÄ ÐÒÉÃÅÓ 

¶ -ÁÒËÅÔȤÆÏÃÕÓÉÎÇ 

ÉÎÓÔÒÕÍÅÎÔÓ 

¶ 2ÅÇÕÌÁÔÉÏÎÓ 

¶ 3ÔÁÎÄÁÒÄÓ 

¶ )ÎÆÒÁÓÔÒÕÃÔÕÒÅ 

¶ #ÏÍÐÌÅØ ÓÅÔÔÉÎÇÓ 

ÅÎÁÂÌÉÎÇ ÈÉÇÈÅÒ 

ÅÆÆÅÃÔÉÖÅÎÅÓÓ ÏÆ 

ÓÔÒÕÃÔÕÒÁÌ 

ÃÈÁÎÇÅÓ 

¶ 0ÏÌÉÃÙ ÍÅÁÓÕÒÅÓ 

ÏÒ ÔÁÒÇÅÔÓ ÃÁÎ ÂÅ 

ÓÐÅÃÉÆÉÅÄ ÂÙ 

ÓÅÃÔÏÒȟ ÂÙ 

ÃÏÕÎÔÒÙ ÏÒ %5Ȥ

×ÉÄÅ 
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¶ Institutional mechanisms and regulations that may induce lower interest rates 

and lower perception of risks by individual investors; largely applied for 

modelling energy efficiency policies and other policies addressed to numerous 

individual s.  

¶ Contract for differences and purchasing agreements backed by the state aiming at 

securing return on investment 

¶ Regulations and policies that address market failures and/or enable tapping on 

positive externalities (e.g. technology progress) which induce reduction of cost 

elements (technology costs) and improve perception by consumers leading to 

lower subjective cost components. 

2ÅÇÕÌÁÔÉÏÎÓ ÏÎ ÓÔÁÎÄÁÒÄÓ ÁÎÄ ÃÏÍÍÁÎÄȤÁÎÄȤÃÏÎÔÒÏÌ ÍÅÁÓÕÒÅÓȡ they are explicit in the 

model and depending on specification they are showing to eliminate certain 

technologies or options in the menu in technology choices in various sectors modelled 

¶ Eco-design standards in detail 

¶ Best Available Technology  regulations 

¶ Emission standards or efficiency standards on vehicles and other transport means 

¶ Large combustion plant directives 

¶ Emission performance standards 

¶ Energy performance standards 

¶ Reliability and reserve standards (power and gas sectors) 

¶ Policies regarding permitting power plant technologies at national level, for 

example regarding nuclear, CCS etc., including constraints applicable to new site 

development or expansion in existing sites. Also, policies regarding possibility of 

extension of lifetime of power plants (e.g.. nuclear) and retrofitting (e.g. to comply 

with emission regulation) 

)ÎÆÒÁÓÔÒÕÃÔÕÒÅ ÐÏÌÉÃÉÅÓ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔ ÐÌÁÎÓ in various sectors can vary in scenario 

assumptions and influence possibilities of technology deployment and system costs. 

Coverage for infrastructure: 

¶ Power interconnectors among countries, including expansion to remote areas for 

RES development purposes, and different options about management and 

allocation of capacities 

¶ Power grids and smart systems within countries, which are not spatially 

represented but only through reduced-form cost-possibility curves in which 

parameters mirror development plans with influences on future technology 

development (for RES, highly distributed generation, metering, demand response, 

etc.) 

¶ Gas transport, LNG, storage and liquefaction infrastructure 

¶ Refuelling and recharging infrastructure in all transport modes 

¶ CO2 transport and storage infrastructure 

#ÏÍÂÉÎÁÔÉÏÎ ÏÆ 

ÐÏÌÉÃÉÅÓȡ 

¶ -ÁÒËÅÔȤÏÒÉÅÎÔÅÄ 

ÉÎÓÔÒÕÍÅÎÔÓ ÃÁÎ 

ÂÅ ÃÏÍÂÉÎÅÄ 

×ÉÔÈ ÂÏÔÔÏÍȤÕÐ 

ÃÏÍÍÁÎÄ ÁÎÄ 

ÃÏÎÔÒÏÌ 

ÍÅÁÓÕÒÅÓ  

¶ #ÁÐ ÁÎÄ 4ÒÁÄÅ 

ÃÅÒÔÉÆÉÃÁÔÅ 

ÓÙÓÔÅÍÓ ÁÒÅ 

ÍÏÄÅÌÌÅÄ ÉÎ 

ÄÅÔÁÉÌ ÁÎÄ 

ÖÁÒÉÏÕÓ ÒÅÇÉÍÅÓ 

ÃÁÎ ÂÅ ÍÉÒÒÏÒÅÄ 

¶ 0ÏÌÉÃÉÅÓ ÈÁÖÉÎÇ 

ÉÎÄÉÒÅÃÔ ÅÆÆÅÃÔÓ 

ÏÎ ÒÉÓË ÁÎÄ ÃÏÓÔ 

ÐÅÒÃÅÐÔÉÏÎ ÏÆ 

ÁÃÔÏÒÓȟ ÏÒ 

ÉÎÄÕÃÉÎÇ ÈÉÇÈÅÒ 

ÔÅÃÈÎÏÌÏÇÙ 

ÐÒÏÇÒÅÓÓ ÁÎÄ 

ÕÐÔÁËÅ 

¶ &ÏÃÕÓ ÏÎ 

ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ 

ÄÅÖÅÌÏÐÍÅÎÔ 

ÁÎÄ ÉÔÓ 

ÉÎÆÌÕÅÎÃÅÓ ÏÎ 

ÔÅÃÈÎÏÌÏÇÙ 

ÐÏÓÓÉÂÉÌÉÔÉÅÓ ÁÎÄ 

ÏÎ ÓÔÒÕÃÔÕÒÁÌ 

ÃÈÁÎÇÅÓ 
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¶ Transport infrastructure parameters influence mobility and modal shifts but 

modelling does not include spatial information (limited to urban, semi-urban and 

inter -urban) 

¶ Hydrogen transport and distribution infrastructure (reduced form spatial 

modelling) 

¶ Heat-steam district heating infrastructure (no spatial modelling) 

%ÎÁÂÌÉÎÇ ÓÅÔÔÉÎÇÓȡ direct policies as mentioned above or other policies (e.g. R&D) 

combined together may induce effects on technology costs or on perceived costs and 

ÒÉÓË ÆÁÃÔÏÒÓ ÏÒ ÏÎ ÁÃÔÏÒÓȭ behaviours thus enabling faster uptake of advanced or 

cleaner technologies thus making possible structural changes to happen in various 

sectors. Examples are ambitious renovations of buildings and houses, electrification in 

transport, development of alternative fuels, supply of new generation bio-energy 

commodities, etc. The assumptions about enabling settings mainly influence 

perception of costs, technology uptake and technology progress. 

%43 market simulation is explicit in PRIMES. However, the projections based on 

PRIMES are compatible with the 5-year time resolution of the model and the model 

algorithm only approximates the arbitration of allowances holders over time. 

Nonetheless, PRIMES can handle ÍÕÌÔÉȤÔÁÒÇÅÔ ÁÎÁÌÙÓÉÓȟ ÆÏÒ ÅØÁÍÐÌÅȟ ÓÉÍÕÌÔÁÎÅÏÕÓÌÙ ÆÏÒ 

%43ȟ ÎÏÎȤ%43ȟ 2%3 ÁÎÄ ÅÎÅÒÇÙ ÅÆÆÉÃÉÅÎÃÙȟ where the aim is to determine optimal 

distribution o f achievements (targets) by sector and by country. PRIMES has 

successfully provides results for that purpose in the preparation of the 2020 Energy 

and Climate Policy Package (2007-2008) and recently for the 2030 Policy Analysis 

(2013). 

Detailed reporting and ex-post calculations: to support ÉÍÐÁÃÔ ÁÓÓÅÓÓÍÅÎÔ ÓÔÕÄÉÅÓ 

PRIMES provides detailed reports of scenario projections. The reports calculate cost 

indicators (with various levels of detail distinguishing between cost components and 

sectors), as well as for numerous other policy-relevant indicators. Topics covered 

include environment, security of supply and externalities (e.g. noise and accidents in 

transport) . Thus, the model provide elements and projections to support cost-benefit 

analysis studies, which are the essential components of impact assessments. When 

PRIMES links with the macroeconomic model GEM-E3, the coverage of projection data 

for the purposes of cost-benefit evaluations is more complete and comprehensive. 

Similarly, linkages with GAINS (from IIASA) provide wider coverage of cost-benefit 

projections regarding atmospheric pollution, health effects, etc. 

#ÏÍÐÌÅØ ÄÅÓÉÇÎ ÏÆ 

ÐÏÌÉÃÙ ÓÃÅÎÁÒÉÏÓȡ 

¶ %ØÐÌÉÃÉÔ ÆÏÃÕÓ ÏÎ 

ÔÅÃÈÎÏÌÏÇÉÅÓȟ 

ÓÙÓÔÅÍÓ ÁÎÄ 

ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ 

ÃÏÍÂÉÎÅÄ ×ÉÔÈ 

ÍÁÒËÅÔ 

ÆÕÎÃÔÉÏÎÉÎÇ 

ÉÎÆÌÕÅÎÃÅÄ ÂÙ 

ÍÅÁÓÕÒÅÓ  

¶ !ÓÓÕÍÐÔÉÏÎ ÏÆ 

ÂÁÃËÇÒÏÕÎÄ 

ÐÏÌÉÃÉÅÓ ÅÎÁÂÌÉÎÇ 

ÔÅÃÈÎÏÌÏÇÙȟ 

ÏÐÔÉÏÎÓ ÁÎÄ 

ÒÅÓÏÕÒÃÅ 

ÁÖÁÉÌÁÂÉÌÉÔÙ ÆÏÒ 

ÅÎÅÒÇÙ ÐÕÒÐÏÓÅÓ 

¶ 02)-%3 

ÒÅÐÏÒÔÉÎÇ ÁÎÄ 

ÅØȤÐÏÓÔ 

ÃÁÌÃÕÌÁÔÉÏÎÓȟ ÁÓ 

×ÅÌÌ ÁÓ ÔÈÒÏÕÇÈ 

ÌÉÎËÁÇÅÓ ×ÉÔÈ 

ÏÔÈÅÒ ÍÏÄÅÌÓȟ 

ÐÒÏÖÉÄÅÓ ÒÉÃÈ 

ÎÕÍÅÒÉÃÁÌ 

ÐÒÏÊÅÃÔÉÏÎ ÄÁÔÁ 

ÆÏÒ ÆÅÅÄÉÎÇ ÃÏÓÔȤ

ÂÅÎÅÆÉÔ ÁÎÄ 

ÉÍÐÁÃÔ 

ÁÓÓÅÓÓÍÅÎÔ 

ÓÔÕÄÉÅÓ 
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)ÎÐÕÔÓ 

 

/ÕÔÐÕÔÓ 

 

#ÏÖÅÒÁÇÅ ÏÆ 

02)-%3 ÉÎÐÕÔÓ 

ÁÎÄ ÏÕÔÐÕÔÓ 

 

F. Typical  Input s and Outputs of PRIMES 
¶ GDP and economic growth per sector (many sectors) 

¶ World energy supply outlook ɀ world prices of fossil fuels 

¶ Taxes and subsidies  

¶ Interest rates, risk premiums, etc. 

¶ Environmental policies and constraints 

¶ Technical and economic characteristics of future energy technologies    

¶ Energy consumption habits, parameters about comfort, rational use of 

energy and savings, energy efficiency potential 

¶ Parameters of supply curves for primary energy, potential of sites for 

new plants especially regarding power generation sites, renewables 

potential per source type, etc. 

 

¶ Detailed energy balances (EUROSTAT format) 

¶ Detailed demand projections by sector including end-use services, 

equipment and energy savings 

¶ Detailed balance for electricity and steam/heat, including generation by 

power plants, storage and system operation 

¶ Production of fuels (conventional and new, including biomass 

feedstock) 

¶ Investment in all sectors, demand and supply, technology 

developments, vintages 

¶ Transport activity, modes/means and vehicles 

¶ Association of energy use and activities 

¶ Energy costs, prices and investment expenses per sector and overall 

¶ CO2 Emissions from energy combustion and industrial processes 

¶ Emissions of atmospheric pollutants 

¶ Policy Assessment Indicators (e.g. import dependence ratio, RES ratios, 

CHP ratios, efficiency indices, etc.) 

 

¶ 38 European countries (individual projections) 

¶ 2010 ɀ 2070 by 5-years steps 

¶ Trade of electricity, gas and other fuels between the European countries 

and with the rest of the World  
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7ÈÁÔ 02)-%3 ÃÁÎ ÄÏ 

7ÈÁÔ 02)-%3 

ÃÁÎÎÏÔ ÄÏ 

G. Comparison to other models  
The distinctive feature of PRIMES is the combination of micro-economic 

foundations with engineering at a high level of detail, compatible with a long-

term time scale and sectoral detail of available statistics for Europe 

Designed to provide long-term energy system projections and system 

restructuring up to 2050, in both the demand and the supply sides. Projections 

include detailed energy balances, structure of demand by sector, structure of 

power system and other fuel supplies, investment and technology uptake, 

costs per sector, overall costs, consumer prices and certificate prices (incl. 

ETS) if applicable, emissions, overall system costs and investment. 

Impact assessment of specific energy and environment policies, applied at 

Member State or EU level, including price signals, such as taxation, subsidies, 

ETS, technology promoting policies, RES supporting policies, efficiency 

promoting policies, environmental policies 

The linked model system PRIMES, GEM-%σ ÁÎÄ ))!3!ȭÓ '!).3 ɉÆÏÒ ÎÏÎ-CO2 

gases and air quality) perform energy-economy-environment policy analysis in 

a closed-loop 

No forecasting but scenario projections. PRIMES is not an econometric model. 

Cannot perform closed-loop energy-economy equilibrium analysis, unless 

linked with a macroeconomic model such as GEM-E3. 

PRIMES has more limited resolution than engineering electricity, refinery and 

gas models dedicated to simulating system operation in detail. Although rich in 

sectoral disaggregation, PRIMES has limitations due to the concept of 

representative consumer per sector, as it does not fully capture the 

heterogeneity of consumer types and sizes. 

PRIMES lacks spatial information and representation (at a level below that of 

countries) and so it does not fully capture issues about retail  infrastructure  for 

fuels and electricity distribution, except for electricity and gas flows over a 

country-to-country based grid infrastructure, which is well represented in the 

model 

PRIMES is an empirical numerical model with emphasis on sectoral and 

country specific detail; it has a very large size and so some compromises were 

necessary to limit computer time at reasonable levels. 

PRIMES differ from overall optimization energy models, qualified by some as 

bottom-up approaches, as for example MARKAL, TIMES, EFOM. Such models 
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formulate a single, overall mathematical programming problem, do not include 

explicit energy price formation and have no or simple aggregate 

representation of energy demand. PRIMES formulates separate objective 

functions per energy agent, simulates in detail the formation of energy prices 

and represents in detail energy demand, as well as energy supply.  

PRIMES differ from econometric-type energy models, such as POLES, MIDAS 

ÁÎÄ ÔÈÅ )%!ȭÓ 7ÏÒÌÄ %ÎÅÒÇÙ -ÏÄÅÌȢ 4ÈÅÓÅ ÍÏÄÅÌÓ ÕÓÅ ÒÅÄÕced-form equations 

that relate in a direct way explanatory variables (such as prices, GDP etc.) on 

energy demand and supply. These models have weak representations of useful 

energy demand formation. They are usually poor in representing in detail 

capital vintages and technology deployment in energy supply sectors and lack 

engineering evidence, as for example the operation of interconnected grids and 

detailed dispatching.  

PRIMES is a partial equilibrium model as opposed to general equilibrium 

models, such as GEM-E3. 

Obviously, PRIMES differs substantially from accounting-type models, which 

usually focus on specific sectors, such as MEDEE, MAEDS (on energy demand), 

GREEN-X (renewables), BIOTRANS (biofuels), etc. 

The distinguishing feature of PRIMES is the representation of each sector 

separately by following microeconomic foundations of energy demand or 

supply behaviour and the representation of market clearing through energy 

prices. Similar models developed in the USA, include PIES, IFFS and mainly the 

NEMS model, which is currently the main model of USA DOE/EIA.  

These models are qualified as generalized equilibrium models because they 

formulate the behavioural conditions for economic agents and combine a 

variety of mathematical formulations in the sub-models, represent different 

market clearing regimes. These models are also qualified as hybrid models 

because they combine engineering-orientation with economic market-driven 

representations. 
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H. Overview of PRIMES model resolution  
2%')/.3ȡ The PRIMES model is operational for all EU28 individual  member-states and for the Western 

Balkans countries (Albania, Bosnia-Herzegovina, FYR of Macedonia, Serbia, Kosovo and 
Montenegro), the EFTA countries (Switzerland, Norway, Iceland) and Turkey. It 
projects also the flows of electricity and gas among all countries. A simple version of 
the model runs on data for 11 North African and Middle East countries. 

&5%, 490%3ȡ PRIMES projects energy demand and supply balances distinctly for 45 energy 
commodities and forms. The list is:  

¶ coal, lignite, coke, peat and other solid fuels;  

¶ crude-oil, feedstock oil, residual fuel oil, diesel oil, liquefied petroleum gas, 
kerosene, gasoline, naphtha, other oil products; bio-fuels (several types);  

¶ natural and derived gasses (blast furnace, coke oven and gas works, as week as oil 
and solids gasification outputs);  

¶ thermal solar (active, high enthalpy and low enthalpy), geothermal low and high 
enthalpy;  

¶ steam/heat (industrial and distributed heat);  

¶ electricity, nuclear energy;  

¶ biomass and waste (5 bio-energy types and several feedstock types);  

¶ solar PV electricity, solar thermal electricity, wind onshore, wind offshore, hydro 
lakes, hydro run of river, tidal and wave energy 

¶ Hydrogen, e-fuels (synthetic gas and liquids).  
The model projects volumes and prices by fuel type and by sector. 

2%3)$%.4)!,ȡ The residential sector includes 54 building types by age, location, and building type. The 
model includes 29 space heating and cooling equipment types, water heating and 
cooking. The electric appliances (several categories) for non-heating purposes reflect 
technology vintage dynamics, eco-design regulations and follow stock-flow relations. 
There is no distinction between rented and owned dwellings. 

3%26)#%3 Ǫ !'2)#5,452%: The model distinguishes between two commercial sectors and one public 
sector, further split into 8 subsectors. At the level of each sub-sector, the model 
calculates energy services (useful energy), which are further subdivided in energy uses 
(several types) defined according to the pattern of technology. Service buildings are 
also categorised by age. The model includes in total more than 30 end-use technology 
types. 

).$53429ȡ The industrial model formulates 10 industrial sectors separately and 31 subsectors, namely 
iron and steel, nonferrous (several sectors), chemicals subdivided in basic chemicals, 
petrochemicals, fertilizers, cosmetics/pharmaceuticals, non-metallic minerals 
subdivided in cement, ceramics, glass and other building materials, paper and pulp 
subdivided in pulp, paper and printing, food drink tobacco, engineering, textiles, other 
industries and non-energy uses of energy products. For each sector different sub-
processes are defined (in total about 30 sub-sectors, including focus on materials and 
on recycling; sectors are subdivided in sub-sectors based on whether processing is 
based on primary or scrap feedstock). At the level of each sub-sector a number of 
different energy uses are represented (the model includes in total about 235 types of 
energy process technologies). 

42!.30/24ȡ The transport sector distinguishes passenger transport and goods transport as separate 
sectors. They are further subdivided in sub-sectors according to the transport mode 
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and mean (public, private, road, rail, maritime, air, etc.). At the level of the sub-sectors, 
the model structure defines several vehicle types and categories including distinction 
by size by purpose or trip type and by technology type. Within modes like road 
transport there is a further subdivision, e.g. for road passenger transportation the 
model distinguishes between public road transport, metro, other rail, fast trains, 
motorcycles and many types of private cars. The model considers several alternative 
technologies and fuels for each transport mean. The model also projects activity by 
typical area (urban, semi-urban and inter-urban) and by trip type. In total, the model 
includes 15 transport modes, 103 vehicle types for road and non-road transport, 4 
stylized geographic areas, distinction between peak and off-peak and 3 freight 
categories. 

%,%#42)#)49 !.$ 34%!- 02/$5#4)/.ȡ Very detailed model including 72 different plant types per 
country for the existing thermal plant types; 150 different plant types per country for 
the new thermal plants; 3 different plant types per country for the existing reservoir 
plants; 30 different plant types per country for the intermittent plants. In total the 
database includes approx. 13000 power plants. Chronological load curves for 
electricity and steam/heat distributed, 3 voltage types for the grid, interconnecting 
European system in detail (individually for all interconnectors, present and future, 
including ENTSOe development plans), network capacity and electric characteristics of 
interconnectors. The power/steam model represents three stylised activities with 
distinction between utilities, industrial production and highly distributed scale as well 
as for self-power generation. Cogeneration of power and steam (12 generic 
technologies), district heating, industrial boilers by sector, and distinction between 
plants in industrial sites and merchant CHP. 

.!452!, '!3ȡ Very detailed sub-model covering regional supply detail (Europe, Russia, CIS countries 
Middle Africa, North Sea, China, India for pipeline gas and global market for LNG). 
Detailed representation of gas infrastructure (field production facilities, pipelines, LNG 
Terminals, Gas Storage, Liquefaction Plants). 

")/-!33 3500,9ȡ Very detailed sub-model covering supply of biomass and waste energies including a 
wide variety of feedstock types and transformation processes into bio-energy 
commodities including bio-refineri es. The model covers several land categories, 
resources (crops, forestry, aquatic biomass and wastes) and of more than 35 
transformation processes. Covers life-cycle calculations. 

2%&).%2)%3ȡ Simple oil refinery type with typical refinery structure defined  at the level of each 
country; 5 typical refining units (cracking, reforming etc.) 

(9$2/'%.ȡ Detailed hydrogen production and transportation sub-model with 18 H2 production 
technologies, 8 H2 transport/distribution means and several types of H2 using 
equipment. 

02)-!29 &/33), &5%, 02/$5#4)/.ȡ Simple Cost ɀ Supply curves limited by available resources 
covering all primary energy extraction activities including conversions to briquetting, 
liquefaction and gasification. 

%-)33)/.3ȡ CO2 emissions from energy combustion, process-related in industry, Atmospheric 
Pollutants (SO2, NOx, PM, VOC), ETS and non-ETS split, and non CO2 GHG abatement 
cost curves provided by GAINS (IIASA). 
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I. Data Sources and Model Linkages 

I.1. Data sources 
%52/34!4ȡ Energy Balance sheets, Energy prices (complemented by other sources, such IEA), 

Macroeconomic and sectoral activity data (PRIMES sectors correspond to NACE 3-digit 

classification), Population data and projection, Physical activity data (complemented by other 

sources), CHP surveys, CO2 emission factors (sectoral and reference approaches) and EU ETS 

registry for allocating emissions between ETS and non ETS 

4%#(./,/'9 $!4!"!3%3ȡ MURE, ICARUS, ODYSEE ɀ demand sectors, VGB (power technology costs), 

TECHPOL ɀ supply sector technologies, NEMS model database, IPPC BAT Technologies IPTS 

/4(%2 $!4!"!3%3ȡ District heating surveys, buildings and houses statistics and surveys (various sources), 

IDEES, BSO, BPIE,  

0/7%2 0,!.4 ).6%.4/29ȡ ESAP SA and PLATTS 

2%3 0/4%.4)!,ȡ ECN, DLR and EURObserver 

.%47/2+ ).&2!3425#452%ȡ ENTSOE, ENTSOG, GIE, TEN-T (transport infrastructure)  

I.2. Model Linkages  
'%-Ȥ%χȡ Linkage to GEM-E3 to take projections of activity by sector/country and GDP and to send energy 

projections to GEM-E3 in order to carry out closed-loop macroeconomic impact assessment 

studies 

02/-%4(%53 /2 0/,%3ȡ Linkage to these global energy models to take projections of world fossil fuel 

prices 

'!).3ȡ Linkage to GAINS to take marginal abatement cost curves for non-CO2 greenhouse gases and to 

convey energy projections to GAINS in order to evaluate impacts on atmospheric pollution 

#!02)ȟ ',/")/-ȡ Linkage to send to these models detailed biomass supply projections in order to evaluate 

land use and LULUCF impacts 

42)-/$%ȡ Linkage to a spatial transport flow model to take activity projections for mobility in order to 

calibrate a reference projection (PRIMES provides its own activity projection in scenarios) 

-/$%,3 #!,#5,!4).' 0/4%.4)!,3ȡ PRIMES uses detailed bottom-up information on energy efficiency 

and renewable potential (databases and models including DLR, GREN-X and several others) 
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Energy  
demand-supply-prices,  

emissions and 

investment 

PRIMES  
model 

World energy 

Oil, gas, coal prices 

POLES or Prometheus model 

Transport activity 

 Flows 

SCENES or 
TRANSTOOLS 

Macroeconomic/sectoral activity  
GEM-E3 model 

¶ Air Quality and non CO2 GHG 

emissions ð IIASA - GAINS 

model 

¶ Land and LULUCF impacts 

(CAPRI, GLOBIOM) 

EU refineries - IFP 

Renewables potential DLR, ECN, 

Observer 

EU power plants ð Platts 

Technologies (TechPol,VGB) 

Energy efficiency Fraunhofer, Wuppertal, 

ODYSEE, MURE databases 
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-ÁÉÎ &ÅÁÔÕÒÅÓ 

¶ %ÎÅÒÇÙ ÄÅÍÁÎÄ 

ÂÁÓÅÄ ÏÎ ÉÎÄÉÖÉÄÕÁÌ 

ÏÐÔÉÍÉÚÉÎÇ 

ÂÅÈÁÖÉÏÕÒ ÏÆ 

ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ 

ÁÇÅÎÔÓ ÂÙ ÓÅÃÔÏÒ 

¶ #ÈÏÉÃÅÓ ÆÏÌÌÏ× Á ÔÒÅÅ 

×ÉÔÈ ÕÓÅÆÕÌ ÅÎÅÒÇÙ ÏÎ 

ÔÏÐ ÁÎÄ ÃÈÏÉÃÅ ÏÆ 

ÆÕÅÌÓ ÁÔ ÔÈÅ ÂÏÔÔÏÍ 

¶ $ÅÔÁÉÌÅÄ 

ÄÅÃÏÍÐÏÓÉÔÉÏÎ ÉÎ 

ÓÅÖÅÒÁÌ ÐÒÏÃÅÓÓÅÓ ÁÎÄ 

ÕÓÅÓ ÏÆ ÅÎÅÒÇÙ 

¶ &ÏÃÕÓ ÏÎ ÍÁÔÅÒÉÁÌÓ ÉÎ 

ÉÎÄÕÓÔÒÙ ÁÎÄ ÅØÐÌÉÃÉÔ 

ÍÏÄÅÌÌÉÎÇ ÏÆ 

ÒÅÃÙÃÌÉÎÇ 

¶ %ØÐÌÉÃÉÔ 

ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ 

ÅÑÕÉÐÍÅÎÔ ÕÓÉÎÇ 

ÆÕÅÌÓ ÁÎÄ ÄÉÓÔÉÎÃÔÉÏÎ 

ÂÅÔ×ÅÅÎ ÐÕÒÃÈÁÓÉÎÇ 

ÏÆ ÆÕÅÌÓ ÁÎÄ ÓÅÌÆȤ

ÐÒÏÄÕÃÔÉÏÎ 

 

J. Stationary Energy Demand Sub-models  

J.1. General Methodology  
For each energy demand sector a representative decision-making agent 

operates, who optimizes an economic objective function. For households and 

passenger transport, the model formulates a utility maximisation problem. The 

model uses a profit maximisation (or cost minimisation) function for 

industrial, tertiary and freight transport sectors. The decision on fuel and 

technology mix follows a nested budget allocation problem. 

Firstly useful energy demand  (services from energy such as temperature in a 

house, lighting, industrial production, etc.) is determined at a level of a sector. 

At the upper level of the nesting, energy is a production factor or a utility 

providing factor and competes with non-energy inputs. At this level a 

macroeconomic econometrically estimated function is used which combines 

energy and non-energy inputs and considers saturation dynamics. Saturation 

depends on income for households and the saturation factor exhibits a sigmoid 

curve which indicates income elasticity of energy above one if useful energy at 

low levels (less developed countries) and elasticity values lower than one (and 

decreasing) when useful levels are high.  

Useful energy, as derived, decomposes into uses and processes (e.g. space 

heating, water heating, motor drives, industrial processes, etc.). The separation 

in uses and processes follows a tree structure which is formulated 

mathematically so as optionally to allow either for complementarity or 

substitutable relationships among uses/processes. For example to produce a 

certain product, the model activates a certain chain of process flows: in this 

case, they are complementary with each other. However, it may be that the 

product can equally go through electro-processing or thermal processing in 

which case the processes are substitutable to each other. For some sectors, the 

model distinguishes between sub-sectors in order to get a more accurate 

representation of the stylised agent. For industrial sectors, the model puts 

emphasis on materials and recycling and so it distinguishes between sub-

sectors, which involve basic processing (e.g. integrated steelwork, clinker in 

cement, primary aluminium, etc.) and sub-sectors which use recycled and 

scrap material. The possible substitutions between such sub-sectors is 

endogenous, and depend on prices, policy measures, macroeconomic demand 

factors and maximum potential of recycling possibilities, which are captured 

through increasing cost-potential curves. The choice of elasticity values and 

specific functional forms expresses the a priori considerations about 
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-ÁÉÎ &ÅÁÔÕÒÅÓ 

¶ %ÑÕÉÌÉÂÒÉÕÍ ÂÅÔ×ÅÅÎ 

ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÁÎÄ 

ɉÓÅÌÆɊ ÓÕÐÐÌÙ ÉÓ 

ÍÏÄÅÌÌÅÄ ÉÎ ÅÁÃÈ 

ÓÅÃÔÏÒ 

¶ 5ÓÅÆÕÌ ÅÎÅÒÇÙ 

ÄÅÍÁÎÄ ÄÅÐÅÎÄÓ ÏÎ 

ÅÎÅÒÇÙ 

ÓÁÖÉÎÇȾÅÆÆÉÃÉÅÎÃÙ 

ÉÎÖÅÓÔÍÅÎÔ ÁÎÄ 

ÂÅÈÁÖÉÏÕÒȠ ÔÁÐÐÉÎÇ 

ÏÎ ÓÁÖÉÎÇ ÐÏÔÅÎÔÉÁÌ 

ÉÎÄÕÃÅÓ ÎÏÎȤÌÉÎÅÁÒÌÙ 

ÉÎÃÒÅÁÓÉÎÇ ÃÏÓÔÓ   

¶ 3ÅÌÆȤÓÕÐÐÌÙ ÄÅÒÉÖÅÓ 

ÆÒÏÍ ÄÙÎÁÍÉÃ ÌÅÁÓÔ 

ÃÏÓÔ ÏÐÔÉÍÉÚÁÔÉÏÎ 

×ÈÉÃÈ ÉÎÖÏÌÖÅÓ 

ÔÅÃÈÎÏÌÏÇÙ ÃÈÏÉÃÅ 

ÄÅÐÅÎÄÉÎÇ ÏÎ 

ÐÅÒÃÅÉÖÅÄ ÃÏÓÔÓ ÁÎÄ 

ÏÎ ÓÕÂÊÅÃÔÉÖÅ 

ÄÉÓÃÏÕÎÔ ÒÁÔÅÓ 

¶ 0ÏÌÉÃÉÅÓ ÁÒÅ ÅØÐÌÉÃÉÔÌÙ 

ÒÅÐÒÅÓÅÎÔÅÄ ÁÎÄ 

ÉÎÆÌÕÅÎÃÅ ÃÈÏÉÃÅÓȟ  

ÔÅÃÈÎÏÌÏÇÙ 

ÅÃÏÎÏÍÉÃÓȟ 

ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÃÏÓÔÓ 

ÁÎÄ ÄÉÓÃÏÕÎÔ ÒÁÔÅÓ 

 

complementarity and substitutability structure among sub-

sectors/uses/processes in each final energy demand sector.  

Useful energy requirements at the level of sub-sectors/uses/processes (e.g. 

space heating, air conditioning, lighting, motive power, etc.) links to 

consumption of final energy .  

The representative agent in each sector or sub-sector makes choices among 

fuels, technologies and energy savings to minimize costs in meeting the useful 

energy requirements. The formulation includes the possibility of choice 

between purchasing ready-to-use fuels or energy carriers and self-producing 

energy where this is possible. Examples are cogeneration versus district 

heating, etc.  

The least cost choice is dynamic and involves endogenous choice of equipment 

(vintages, technologies and learning), endogenous investment in energy 

efficiency (savings), endogenous purchase of associated energy carriers and 

fuels (demander is price taker). These are capital budgeting decisions which 

may involve trade-offs between upfront costs and variable-running costs. 

Capital decisions use weighted average cost of capital (WACC) and subjective 

discount rates to annualise (levelized) costs to compare with variable-running 

costs, which by definition are annual. The model for all demand sectors 

dynamically tracks capital accumulation with endogenous investment, tracking 

of vintage characteristics and endogenous premature scrapping.  

The aim of the modelling is to mimic decisions by individuals as realistically as 

possible. Subjective discount rates and business WACC include risk premium 

factors, which reflect opportunity costs of drawing funds by the private sector. 

They also reflect uncertainty, lack of information and probably limited access 

to capital markets. For this reason, the model relates the individual discount 

rates with a policy context, in order to mirror how certain policy instruments 

may reduce uncertainties or decrease financing costs in order to make 

economic decisions for technologies with high upfront costs. To mimic reality, 

the model also includes several non-engineering cost facts which represent 

technical uncertainty, risk of high costs of maintenance in case of not-yet 

mature technologies, easiness of technology application, easiness to comply 

with permits and regulations, etc. The terminology used is that the user sees 

perceived cost values for technologies and solutions where some of the cost 

components can reduce over time as technology becomes commercially 

mature. This is one of the ways for representing endogenous learning-by-doing 

mechanisms in the model. Thus, decisions at each nesting level use equivalent 

perceived costs to reflect actual costs, utility (e.g. comfort), and uncertainty 
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-ÁÉÎ &ÅÁÔÕÒÅÓ 

¶ $ÅÔÁÉÌÅÄ 

ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ 

ÖÁÒÉÏÕÓ ÅÎÅÒÇÙ 

ÅÆÆÉÃÉÅÎÃÙ ÐÒÏÍÏÔÉÎÇ 

ÐÏÌÉÃÙ ÉÎÓÔÒÕÍÅÎÔÓ   

¶ (ÅÁÔ ÐÕÍÐÓ ÁÎÄ 

ÄÉÒÅÃÔÌÙ ÕÓÅÄ 

ÒÅÎÅ×ÁÂÌÅÓ ÁÒÅ 

ÒÅÐÒÅÓÅÎÔÅÄ 

¶ 3ÅÖÅÒÁÌ Ä×ÅÌÌÉÎÇ 

ÔÙÐÅÓ ÁÎÄ ÓÅÖÅÒÁÌ 

ÓÅÒÖÉÃÅÓ ÓÅÃÔÏÒÓ 

¶ $ÙÎÁÍÉÃ ÍÏÄÅÌÌÉÎÇ 

ÏÆ ÔÅÃÈÎÏÌÏÇÉÅÓ 

ÔÒÁÃËÉÎÇ ÖÉÎÔÁÇÅÓ 

ÁÎÄ ÉÎÃÌÕÄÉÎÇ 

ÅÎÄÏÇÅÎÏÕÓ ÌÅÁÒÎÉÎÇ 

¶ )ÎÖÅÓÔÍÅÎÔȟ ÕÓÅ ÏÆ 

ÅØÉÓÔÉÎÇ ÓÔÏÃË ÁÎÄ 

ÐÏÓÓÉÂÌÅ ÐÒÅÍÁÔÕÒÅ 

ÓÃÒÁÐÐÉÎÇ ÁÒÅ 

ÅÎÄÏÇÅÎÏÕÓ 

ÄÅÃÉÓÉÏÎÓ 

¶ 4ÈÅ ÄÅÍÁÎÄ ÓÕÂȤ

ÍÏÄÅÌÓ ÁÒÅ ÓÏÌÖÅÄ ÁÓ 

ÎÏÎȤÌÉÎÅÁÒ ÍÉØÅÄ 

ÃÏÍÐÌÅÍÅÎÔÁÒÉÔÙ 

ÐÒÏÂÌÅÍÓ 

 

and risk premiums. The decisions depend on policy measures, such as: taxes 

and subsidies, promotion of new technologies (reducing perceived costs), and 

promotion of energy efficiency, including standards -e.g. CO2 regulations for 

passenger car or regulations on minimum performance of lighting, policies 

that ease financing, etc. 

For industrial energy demand, PRIMES follows a formulation that allows for 

full  integration with  macroeconomic production functions. Sectorial value 

added derived from GEM-E3 projections (general equilibrium macroeconomic 

model), link to  PRIMES measurement of activity in physical units. Substitutions 

between energy and non-energy (capital) inputs is handled at the upper level 

of PRIMES nesting and can coordinate with GEM -E3 projections . A large 

number  of industrial  processes (e.g. different for scrap or recycling processes 

and for basic processing) as well as a mix of technologies and fuels, covering 

the use of self-produced by-products (e.g. black liquor, blast furnace gas) 

provides higher resolution of industrial processing in PRIMES than in GEM-E3.  

Energy savings possibilities follow engineering representations, including the 

possibilities of shifting towards more efficient process technologies. 

Substitutions are possible between processes, energy forms, technologies and 

energy savings. The adoption of technologies depends on standards, emission 

constraints, pollution permits and is dynamic keeping track of technology 

vintages and stock-flow investment. The actual lifetime of existing equipment 

is endogenous driven by relative costs.  

The industrial model considers explicit ways of producing steam, for example 

using boilers or CHP. The model distinguishes between boiler steam, CHP 

steam from onsite plants and distributed CHP steam. Interaction with Power 

and Steam sub-model for industrial CHP and boilers is an integral part of the 

model. The choices at industrial scale consider steam-driven CHP and CHP 

driven by electricity -market. The model has a database on onsite CHP, which 

are cogeneration units with  no access to steam distribution . The official 

statistics do not include these onsite plants. A special routine in the PRIMES 

database combines Eurostat statistics on energy balances and CHP surveys, 

isolates in the data the on-site CHP, and reconstitute inputs and outputs for 

such installations. 

PRIMES represents possible substitutions and energy efficiency at various 

levels in the residential and tertiary sectors and includes special routines for 

the building stock and its renovation. The model tracks the dynamics of the 

building stock, split by categories, and formulates demolishment decision, 

construction of new buildings and renovation with distinction of various 
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-ÁÉÎ &ÅÁÔÕÒÅÓ 

¶ %ÆÆÉÃÉÅÎÃÙ ÏÂÌÉÇÁÔÉÏÎÓ 

ÁÎÄ ×ÈÉÔÅ 

ÃÅÒÔÉÆÉÃÁÔÅÓ ÁÒÅ 

ÉÎÃÌÕÄÅÄ  

¶ 3ÔÁÎÄÁÒÄÓ ÉÎÆÌÕÅÎÃÅ 

ÔÈÅ ÍÅÎÕ ÏÆ 

ÔÅÃÈÎÏÌÏÇÙ ÃÈÏÉÃÅ 

¶ %ÎÇÉÎÅÅÒÉÎÇ ÄÅÔÁÉÌÓ 

ÆÏÒ ÉÎÄÕÓÔÒÙ ÃÁÐÔÕÒÅ 

ÐÒÏÃÅÓÓÉÎÇ ÏÆ 

ÍÁÔÅÒÉÁÌÓ ÁÎÄ ÃÈÏÉÃÅ 

ÂÅÔ×ÅÅÎ ÐÒÏÃÅÓÓÉÎÇ 

ÔÅÃÈÎÏÌÏÇÉÅÓ 

¶ #ÏÇÅÎÅÒÁÔÉÏÎ ÖÅÒÓÕÓ 

ÉÎÄÕÓÔÒÉÁÌ ÂÏÉÌÅÒÓ ÁÒÅ 

ÃÌÏÓÅÌÙ ÌÉÎËÅÄ ÔÏ 

ÅÌÅÃÔÒÉÃÉÔÙ ÁÎÄ ÈÅÁÔ 

ÍÁÒËÅÔÓȠ ÏÎȤÓÉÔÅ #(0 

ÉÓ ÅØÐÌÉÃÉÔÌÙ 

ÒÅÐÒÅÓÅÎÔÅÄ 

 

 

degrees of renovation for energy saving purposes. These decisions derive from 

economics and are simultaneous with the nested decisions on useful energy 

demand, fuel mix choice, equipment choice, and energy efficiency investment. 

Rebound effects stemming from cost savings due to energy efficiency are 

present and derive simultaneously with the rest of decisions. For example, 

useful energy demand may increase because of high energy efficiency gains. 

The decisions related to buildings also depend on behavioural characteristics 

and are influenced by perceived costs, subjective discount rates and prices. 

Policy measures and instruments, and standards such as the building codes 

influence the decisions. The model includes heat pumps and direct use of 

renewables (biomass, solar, geothermal, etc.). The related decisions are 

simultaneous with the rest of decisions, including the dynamic track of 

technology vintages. 

Surveys have shown that the substitution possibilities and the energy 

efficiency investment depend on the main pattern of space heating method, 

which is a goof dimension to classify the various behavioural types. For this 

purpose, the model includes a distinction of five dwelling types according to 

space heating pattern; one of the categories group partly heated houses. 

PRIMES also distinguishes agriculture and services sectors which are broken 

down by sub-sector (e.g. market services, non-market services, trade); electric 

appliances and lighting are separately treated in all sectors.  

The following diagram illustrates the tree decomposition of each energy 

demand sector in sub-sectors, further in processes and in energy uses. A 

technology operates at the level of an energy use and utilizes purchased 

energy forms (fuels and electricity) or self-produces energy. The calculation 

starts from activity or income, then it computes useful energy and then by 

using technology equipment it meets useful energy by converting purchased or 

self-produced energy forms (final  energy). The mathematical formulation of 

the nested decisions solves as a whole, including the least-cost choice of 

technologies and fuels and the dynamic investment process. 

The demand models solve as mixed complementarity problems, which 

concatenate the individual optimization problems written in the form of Kuhn-

Tucker conditions. 
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The model evaluates consistently the potential of new technologies, by considering simultaneously four types 
of mechanisms: a) economic optimality, b) dynamics, i.e. constraints from existing capacity, c) gradual market 
penetration depending on relative costs and risk perception, d) endogenous technology learning and 
commercial maturity. 

The non-linear optimization per agent (sector) performs dynamically in a time forward direction with 
foresight limited to 10 years. In a given period a set of lagged values up-dated dynamically by the single-period 
optimization results reflect adaptive expectation over 10-years. Choices are constrained dynamically by the 
existing energy-use equipment stock, which may change through investment while existing equipment can be 
retired based on retirement rates, or by premature replacement decisions. Technology (energy equipment that 
converts purchased energy to useful energy) and energy savings equipment (e.g. insulation) is considered to 
evolve over time, and is categorized in vintages (generations) presenting different cost and performance 
features. 

The upper level functions which project useful energy demand (services provided by using energy or by saving 
energy) are of econometric nature and are based on complex functional forms relating demand with 
macroeconomic drivers so as to capture possible saturations, rebound effects and comfort depending on 
income growth. The useful energy demand functions are dynamic and depend on evolution of unit cost of 
energy services, which aggregate costs of equipment for operation and investment in various energy uses and 
for saving energy. Investment enabling energy efficiency progress at useful energy level concerns improvement 
of thermal integrity of houses and buildings, horizontal energy management systems in industry or offices, etc. 
Such investments are determined together with useful energy demand to fully capture rebound effects and 
depend on investment costs, energy prices, carbon prices and policies supporting or facilitating such 
investments. Stock turnover dynamics, including for renovation, are explicit in the model. Costs related to 
energy saving potentials are non-linear assuming exhaustible potentials and cost gradients increasing with 
volumes of energy savings due to upper level investments. Discrete choice theory formulations capture 
heterogeneous situations regarding house/building types and conditions. Heterogeneity also justif ies the non-
linear costs but are difficult to represent analytically due to lack of statistics. The non-linear cost-saving 
possibility curves are estimated using micro and bottom-up sources based on surveys and available databases. 

Sector - 1

e.g. Iron and Steel

Sub-Sector - 1

e.g. Central Boiler Dwellings

Energy Use -1

e.g. Space Heating

Fuels

Fuels

TECHNOLOGY

Ordinary

Future

Technologies

Energy Use - 2

e.g. Water Heating

Sub-Sector - 2

e.g. Electric Heating Dwellings

Sector - 2

e.g. Residential

Sector - 3

e.g. Passenger transports

Link to Macro-Economy

Activity and Income Variable
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J.2. Industrial energy demand sub-models  
In PRIMES, industry consists of ten main sectors, which split in 31 different 

sub-sectors. Each sub-sector includes a series of industrial processes and 

energy uses totalling 234 uses; additionally, 22 different fuel types are 

available for the industrial sectors. Technologies are explicit, firstly at the 

process level where different process types are included and secondly at the 

levels of energy uses where technologies use different types of fuels. The 

model distinguishes between low enthalpy heat and steam. Heat and steam can 

be either self-produced using boilers or CHP or purchased from the steam or 

heat distribution market sȟ ×ÈÉÃÈ ÄÅÐÅÎÄÓ ÏÎ ÏÔÈÅÒ ÉÎÄÕÓÔÒÉÅÓȭ #(0 or boilers.  

 

Figure 1: Overview of the sectors and subsectors included in PRIMES industry 

The structure of processes and uses in the industrial sector can be seen in the 
figures at the end of this section. The current model version splits alumina 
production from primary aluminium production (previously group ed into 
one), clinker from cement production (particularly important,  as clinker 

PRIMES handles in 
great detail energy 
intensive 
processing in 
industry and the 
ways of reducing 
energy demand 
and shifting away 
from GHG 
emissions












































































































































































































































































































































































