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1. Introduction

    The move towards the liberalisation of the energy markets in the whole world and the general shift from command-and-control to market mechanisms bring forward new ways of stimulating initiatives to increase the efficiency in the final uses of energy and demand-side management. In the past, energy policies were implemented in most countries by direct action of the governments through state monopolies, prescriptive legislation and in some cases incentives. With the progressive advent of liberalisation of the energy market and privatisation of state companies, the emphasis has shifted toward a regulation of the market that introduces economic corrections to take into account collective interests (such as externalities) and long-term objectives, which generally are not taken into due account by market forces in the absence of corrective measures. Policies based on incentives have also shown their limits. As they rarely use market forces effectively, the results obtained tend to have a higher cost than necessary and they may bring to a non-optimal development of new technology. Recently, the emergence of other problems - as shown by the power crisis in California and Sweden, the insufficient assurance given by the system to security of supply, some concerns about the quality of the service - have prompted a reconsideration of the regulation of the energy market. In this context, it is important to consider the ways in which the increase of the share of energy supplied by renewable sources and the increase in the efficiency of energy utilisation can be promoted. These two measures are considered the mainframe of any sustainable energy strategy and necessary steps to contrast the threats of climate change.  

   Improving the efficiency of energy end uses is a primary component of any energy policy today. While there is essential agreement on the technologies available to save energy, policies and measures to help the diffusion of these technologies differ, are evolving and in some cases are just now being experimented and evaluated.

   It was thus considered important and timely to review and compare present and proposed policy instruments for energy efficiency in the European Union, with particular attention to the "White Certificates", and to analyse and predict their effects, their benefits and costs and the difficulties in their implementation.

   The present document summarises the results of a study carried out in the frame of the EU SAVE programme “White and Green” – Comparison of Market-Based Instruments to Promote Energy Efficiency, co-ordinated by the International Institute for Industrial Environmental Economics of the University of Lund, Sweden, in partnership with the Copernicus Institute of the University of Utrecht (Netherlands), the Italian Association of Energy Economists and the Swedish utility Sydkraft.

   The study consisted in collecting and reviewing the policy instruments aimed at increasing energy efficiency, with emphasis on market-based mechanisms (Phase 1); in choosing three representative policy instruments for in-depth analysis, and collecting information and results of their actual implementation (Phase 2); in simulating the effects of each instrument and of some combinations thereof by means of technical-economic computer models (of the “MARKAL” type
) for the European Union (EU-15) and for three EU countries: Italy, Germany and Estonia (Phase 3); in drawing some conclusions and recommendations from the results of the three previous phases, discuss them among stakeholders in order to identify the most significant results, which can be used as a help in shaping future energy efficiency policies (Phase 4, the object of the present document); and finally in diffusing the results as widely as possible (Phase 5).

   The reader interested in knowing more about the “White and Green” project is invited to visit its web-site at www.iiiee.lu.se/whiteandgreen.

2. Energy efficiency
Improving energy efficiency is an essential component of the energy policies of the European Union and of all EU member states, motivated by considerations of security of supply, of economics, of environmental and health protection and as a component of long-term stability of the global climate. 

The proposed EU Directive on Energy End-Use Efficiency and Energy Services
 is a concrete step in this direction. The proposal expresses the saving goal as the amount of energy that should be saved as a consequence of energy efficiency measures for final consumers that are defined by the proposed directive, i.e. the domestic and tertiary sectors, industry except energy-intensive industries included in the Emissions Trading Directive, and transport, excluding aviation and foreign shipping. The annual amount of the targeted savings is an increment of 1% (cumulated each year, and relative to GDP) of the energy efficiency of these final costumers in the five-year period immediately before the implementation of this Directive. This annual amount of energy to be saved as a result of efficiency policies and measures should be fixed for a period of 6 years. Other initiatives by the Commission with impact on energy efficiency are the directive on energy efficiency in buildings and the one on Combined Heat and Power Production. The European Parliament has also been very much interested in energy efficiency, as shown by its initiative on Energy Intelligent Europe.

Model work and other considerations from the present study suggest this objective is cost-effective but rather conservative for EU-15 and even more so for EU-25, and give indications on the instruments that can best be used to reach this or more ambitious goals and still remain cost-effective. Moreover, energy efficiency should be encouraged in all sectors of final use, including transport and all industrial sectors. 

Technological solutions to improve energy efficiency at affordable costs are available for all sectors and end uses, and certainly for the residential and service sectors. Many of these are economically motivated, provided indirect costs and benefits (externalities) are considered. However, the rate at which these innovative as well as established technologies diffuse spontaneously is insufficient with respect to the time horizon indicated by security of supply, climate change and health/environment considerations. Government policies and measures (P&M) are needed to facilitate, promote or require an accelerated introduction of energy-saving features as concerns new investments, turnover of equipment and appliances, and retrofitting of buildings and industrial installations. Such P&M are necessary to correct price signals, now distorted by subsidies to supply-side conventional energies, to reflect external costs (energy security, health and environment, climate change), as well as benefits (job creation, balance of payment, poverty alleviation), to help overcome institutional barriers (such as the landlord/tenant one, etc.).

3. Policy instruments

   Many different instruments are or have been employed to increase energy efficiency. They include typically "positive" financial measures (incentives), such as subsidies, grants, low interest loans and tax exemption or reduction for energy efficiency interventions, or "negative" measures (disincentives) such as energy or CO2 emission taxes, taxation on less efficient devices, user charges and product taxes; legal or regulatory measures ranging from energy consumption or emission standards for appliances, vehicles, buildings and specific technologies, to codes for the management of land and other resources; organisational measures, including in particular negotiated or voluntary agreements; and finally to market-based “cap and trade” or “target and trade” measures, such as reviewed in the first phase of the present study. Procurement policies (such as purchases of high efficiency devices, systems and buildings) by public bodies may also play an important role in creating a leading market. 

   Among these various instruments, there is growing interest for and application of market-based instruments, and in particular tradable permits, because they use market forces to minimise the cost of saving energy, and accelerate the penetration of efficiency improvement interventions when (as is often the case) they can be made at negative costs, i.e. with a profit, but can also be used to force the introduction of positive (conventional) cost measures, justified by the externalities.

    In the course of this project, through a selection based on their perceived potential and present interest, two main types of market instruments for energy efficiency (or for the related objective of reducing green-house gas emissions) have been selected for in-depth analysis and their application has been reviewed and simulated:

· White certificates (partly implemented in the UK and in Italy, and on their way to application in France and possibly elsewhere)

· Carbon dioxide emission trading (which is now becoming mandatory in the EU and may be extended to other greenhouse gases after 2007)

· The case of a (high) carbon tax has been considered for comparison, especially in order to be able to compare its effects and its costs with those of the instruments based on tradable certificates

· Green certificates (for renewable-generated electricity) have been considered and introduced in the simulations, not so much because they do contribute to energy saving, but because they have been on the scene in several countries and for longer times and are much more diffused than white certificates: given the similarity between the two systems, they can also shed light on problems likely to be met with a white certificate system. In addition, Tradable Green Certificates (TGC) overlap with Emission Trading certificates (their overlapping with White Certificates is negligible, at least for the time being). Both interactions have been studied with the models.
· What we called “smart standards” have also been reviewed and analysed but not simulated. Smart standards are physical regulations involving a high degree of flexibility with regard to the selection and combination of individual measures in order to reach a mandatory target (e.g. of energy use) for relatively complex systems or subsystems (e.g. for buildings, or for industrial plants or for passenger cars).  

A short description of all these instruments is given in the Phase 1 and in the Phase 2 Reports available on the Web at www.iiiee.lu.se/whiteandgreen..

     The coverage of the policy instruments considered in this study is very large. White Certificates are estimated to cover about half (or 6,900 PJ) of the total natural gas use in the EU-15 countries and 70% (or 5 700 PJ) of the total electricity use. Renewable electricity, being the target of Green Certificates, currently represents 14.5%
 (or ca. 1,200 PJ) of the total electricity use (8,060 PJ); the EU target for 2010 is a share of 22.4% (1,800 PJ). The amount of direct fossil fuel use covered by Emission Trading (15 700 PJ) represents about one third of the total fossil fuel use which amounted to around 48,000 PJ in the total of all EU-15 Member States by the year 2000.
. Smart Standards are primarily addressed to measures related to space heating, to other measures related to buildings, to appliances or so-called horizontal technologies such as motors and drives. For this reason the scope of Smart Standards is comparable to that of White Certificates. The values are summarized in Table 1, which also gives the Primary energy equivalents for the total of fossil fuels and electricity. To put these values into perspective they can again be compared to the total fossil fuel use (48,000 PJ) and to the total primary energy use (61,000 PJ
). Similarly, the emissions in Table 1 can be compared to the total CO2 emissions from fuel combustion, amounting to around 3,150 million tonnes (EU-15, year 2000).
 These comparisons show that the policy instruments discussed in this report cover a substantial amount of the total energy use and the related carbon dioxide emissions, thereby confirming the pre-selection made above.

Table 1

Coverage of innovative policy measures in the European Union (EU-15) by the year 2000
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4. Methodology

4.1 The MARKAL methodology

   Since many of the conclusions and recommendations in this document are based on the results of the simulation work carried out in Phase 3, some explanations on the strengths and limitations of the approach followed are in order.

   The impact of the policies has been evaluated by means of different models built with ETSAP
 tools, the MARKAL methodology.

   MARKAL is a generator of economic equilibrium programming models of energy systems and their time development. Supply/demand curves of commodities are specified by stepwise linearised functions. Each step refers to a different technology providing/consuming the commodity. The minimum and maximum length of each step (quantity) is imposed by the market potential of each input/output technology and fuel. The height of each step (cost) depends on the costs (investment, fixed operation and maintenance, or fixed and variable O&M) of each input/output technology and fuel. The actual equilibrium cost of each step is the sum of costs incurred in primary extraction, transformation, transmission, distribution, including taxes and subsidies, taking into account the efficiencies of all intermediate technologies. Since technologies and values are interlinked, the actual supply/demand curves are fully resolved only in the solution.

   The construction of such stepwise supply/demand curves for each commodity represented in the model is made possible through the Reference Energy System approach. The entire energy system is represented by a graph, where each branch is an energy or material flow and each knot is a technology. In full-scale models each fuel appearing in detailed energy balances is represented by a separate flow, sometimes more than one if different environmental characteristics have to be accounted for. Each supply/demand technology is characterized by technical economic and environmental parameters, together with the graphical indication of the input commodities/output services.

   When the supply/demand curves are specified as linear stepwise functions, the equilibrium model is formulated as a mathematical programme. A Linear / Non Linear Program (LP/NLP) turns out to build equilibrium models when the Objective Function (OBJ) specifies the total surplus (partial equilibrium) or the utility (general equilibrium) of the system. The equilibrium over time is maintained through a substitution mechanism of one energy source / technology with a cheaper one.

   Formulating economic equilibrium models of the energy systems with the MARKAL methodology has several advantages:

·
The same MARKAL toolkit is used to create models of systems

o
with few or thousands of energy commodities, materials, emissions and technologies,

o
including all energy sectors from primary reserves expressed in PJ to energy services, expressed in specific units, such as passenger.km or in tons of steel,

o
extended to many regions interlinked together in multi-regional models with endogenous trade,

o
limited to the energy supply sector and/or selected sectors of final energy demand (partial equilibrium) or extended to the full economy (general equilibrium, MARKAL-MACRO versions),

o
at increasing level of equilibrium: from nearly simulation modes (SAGE, 2003), to intra-temporal equilibria and myopic view, to inter-temporal perfect foresight allocation of capital investments and decisions, to endogenous learning.

·
Since each step of supply/demand curves represents a technology or a fuel source, further to equilibrium quantities and prices the solution of the model indicates the set of technologies or fuel source that makes the equilibrium feasible. 

·
When all equations are linear, the solution of very large size models (approaching one million variables and equations) requires an hour or little more in normal PCs if recent powerful Linear Programming solvers are used. Till the number of non-linear functions remains low, the solution of the corresponding Non Linear Programming models does not require much more.

·
The same toolkit has maintained the original capacity of running the same model in simpler optimisation models, where it is minimized in turn the total discounted system cost, the cumulative emissions, the total import of un-secure energy sources, or whatever combination of Objective Functions, in order to provide trade-offs among different policy objectives.

   The versions MARKAL-MAKRO and TIMES, which have been used in two of the national simulation programmes, will be briefly reviewed later.

   The methodology used has of course some limitations, which however are well understood. In particular, MARKAL has limited capabilities to estimate the following economic issues:

· Effects of market imperfections

· Number of participants (buyers and sellers)

· Price speculations

· Participants’ savings (difference between the marginal cost of domestic actions vs. the market price of the certificate or permit)

· Traders and risk takers

    Furthermore, the specific MARKAL-generated models used in this study do not include:

· Transaction costs and

· Volume of certificates banked

   Despite these limitations, the MARKAL models used in the present study are a very powerful instrument for exploring the economic consequences of technological innovation and policies in the field of energy; its simulations yield realistic and consistent scenarios and shed light on several aspects of the application of different policy instruments, investigate their interactions, identify problem areas that may otherwise escape attention and at least in some cases show the effects of the instrument on the overall economic situation.

4.2 Use of other models

  The modelling parameters of MARKAL were compared with those of MURE and ICARUS database, which brought to two improvements. The MARKAL model does not explicitly include increased insulation in buildings (considered as a part of the performance of the heating system), which, in the case of the White Certificates for the UK, has proven to be the single most important measure. Furthermore, MARKAL does not include organisational measures for companies and households, which can be expressed as adaptation behaviour to the policy and can increase the flexibility in achieving the set objectives.

5. Modelling evaluation of the theoretical economic and financial potential
5.1 Results of the modelling work for EU-15 +
   The European modelling work includes EU-15 plus Norway, Switzerland, Malta, Iceland, Gibraltar and Greenland, and relates to the application of all the different policy instruments.

   The first part of the work concerned the application of White Certificates in the EU single market (actually in the EU-15+ as defined above). The instrument of the White Certificates was simulated by imposing an upper limit to the distribution of electricity and natural gas in the residential and the service sectors with a progressive cap that reaches -4% with respect to the business-as-usual (BAU) projections in 2010 (corresponding to the indications of the Directive of 1% per year between 2006 and 2010) and -10% in 2020 with respect to the BAU case without compulsory improvement of energy efficiency. In absolute values, the reduction arrives at a reduction in gas consumption of 27 billion m3 per year and 90 TWh/year of electricity (final energy) in 2020. The model is free to calculate the optimum share of the requested reduction between gas and electricity, because the cap is applied to the sum of the two, and the choice of technologies corresponds to an economic optimisation. The result is a nearly fifty-fifty per cent share between gas and electricity in terms of primary energy (as requested for instance in the Italian WC scheme), while the reduction is much stronger for gas than for electricity if expressed in terms of final energy. As concerns the subdivision by sector, the reduction is stronger in the service sector until 2010, while the residential sector takes a slight prevalence in the following decade. The estimated price of White Certificates (based on marginal cost of energy savings) should grow from about 5 €/GJ/y in 2005 to a little more than 25 €/GJ/y in 2020. The reduction of CO2 emissions resulting from the application of the White Certificate system is of 1.5% in 2020 vs. the base case (or about 60 €/t CO2). 

    This modelling approach, however, presents some unsatisfactory features. First, the mechanism of WC includes other energy vectors in addition to gas and electricity, in particular petroleum products. Secondly, the application of whatever constraint to an energy system that is already "optimised" involves in any case an extra cost. Imposing a cap to the distribution of energy commodities involves therefore a positive cost, unless the simulation technique is changed. Such simulation should correctly account for at least two factors: the imperfections of the energy market due to the non fully rational behaviour of consumers, and the fact that operators seek a financial, rather than economic, optimum. Finally, the modelling of these two elements of the energy system by means of a large number of external constraints, does not allow a solution space wide enough to explore the technical and economic potentials of the technologies to increase energy efficiency.

    In order to overcome these elements of rigidity, a slightly different approach was adopted, by taking into account the market imperfections and financial aspects (difficulties of access to credit, scarcity of capital available for investments etc.) not through constraint equations, but by introducing an apparent discount rate applied to the investments in new energy technologies in the residential and service sectors. Such apparent discount rate, much higher than the system's "social" discount rate, has proved to simulate well the displacement of the system from the economic optimum in the business-as-usual scenarios. The application of the White Certificate system, coupled to well-targeted and diffused information campaigns, and to simplified and publicly guaranteed access to credit, should cause the apparent discount rate decrease, tending to the value of the social discount rate.

    By appropriately modifying the model to represent this simulation approach and by including all energy commodities in the mechanism of the WCS, one obtains a set of energy-efficiency scenarios closer to the expectations.

    If one considers the non-discounted overall annual cost of the European energy system over one year (investments, fuels, operation and maintenance), this cost divided by the energy used in that year will represent an average energy cost.

    By considering an apparent discount rate of about 30% (value chosen to justify in an equilibrium model the present low diffusion of financially convenient technologies) as compared with a value of 5% for the social discount rate applied to the whole energy system, the following results are obtained (see also Table 2):

Table 2

White Certificates scenario selected indicators for different targets

	
	 
	Residential&Commercial Sector

Final Energy Consumption
	 
	 
	 

	
	 
	Annual Average Reduction
	Cumulated Reduction
	Annual Average Reduction
	Cumulated Reduction
	Average Energy System Cost
	CO2 Emission Reduction 
(Mt CO2)
	CO2 Emission Reduction 
(% of b.a.u.)

	
	
	‘04-‘10
	2010
	‘10-‘20
	2020
	2000-2020
	2010÷2015
	2010÷2015

	Targets
	Low
	-1%
	-7%
	-0.35%
	-10%
	-4%
	-160
	-5%

	
	Medium
	-1%
	-7%
	-2%
	-27%
	+4%
	-230
	-7%

	
	High
	-2%
	-14%
	-4%
	-56%
	+16%
	-340
	-11%


· For the EU-15+ market there is a financial potential of increasing energy efficiency by 15% until 2020 ("zero-cost target"); in other words, the average unit cost of the energy system, following the application of a WCS for a reduction of 15% (-3 EJ) of the overall energy consumption of residential and service sectors with respect to BAU, is equal to the average unit cost of the energy system in the BAU case; in other words, the increase of the energy efficiency is free of cost;

· For less ambitious targets, and in particular for the 1% per annum for 6 years target defined by the EU directive proposal, the cost of the energy savings is negative and, by freeing resources, it involves a positive impact on GDP growth; for instance, a target of reduction by 1% per annum until 2010, and by 0.35% per annum from 2010 to 2020, as a natural prosecution of the virtuous trend thus triggered ("low target"), implies for the year 2020 a decrease of the average unit cost of the energy system by 0.3 €/GJ (-4%) with respect to the BAU scenario, with a reduction of consumption of about 2 EJ in the same year.

· If the target of energy saving in the residential and service sectors is greater than 1% per annum (cumulative) until 2020, the cost of the energy savings may become positive; for instance, a target of 1% until 2010, then of 2% from 2010 to 2020 ("medium target") implies for the year 2020 a reduction of consumption by 5 EJ (-27% of BAU) and an increase of the average unit cost of the energy system of 1 €/GJ (+13%) in the same year with respect to BAU; in this case, energy consumption is reduced not only with respect to BAU, but, from 2010 on, also in absolute terms;

· Very ambitious targets have relatively high costs, but are technically possible; for instance, a target of 2% per annum until 2010 and of 4% per annum between 2010 and 2020 ("high target") brings to more than halving the energy consumption of the residential and service sectors with respect to BAU (-56%), with an increase of the average system unit cost of 38% (3 €/GJ). 

   However, these evaluations do not include externalities. If the environmental and other externalities were taken into account, one would evaluate an economic potential of energy saving much higher than the 15% indicated above, which is "zero cost" only in strictly financial terms.

   Figure 1 shows a trade-off curve, which relates the energy saving obtained in the year 2020 through the WCS, given as a percentage of reduction with respect to the BAU scenario, and the corresponding variation of the average unit cost of the energy system in the same year, evaluated by dividing the total cost (investments, purchase of fuels etc.), at constant undiscounted monetary value, by the requested primary energy. The cost variation with respect to the BAU scenario is indicated on the y-axis in % at the left and in absolute values on the right. . The points evidenced on the diagram represent the three targets described before. They come up roughly on a straight line, which crosses the x-axis corresponding to a saving of about 15% (about 3 EJ) as previously indicated for the "zero-cost" scenario, thus indicating the financial potential of the WCS in the EU-15+ market.

   The application of the mechanism of WC involves in any case an increase of the investments in new technologies for energy utilisation. The low target scenario implies for the year 2020 an increase of 7% in investments in energy technologies for the residential and service sectors relative to BAU, while the average unit cost of the energy system is decreased (more technology, less fuel!). For the more ambitious medium and high scenarios, investments in technology grow much more: for the year 2020 by 30% and 80% respectively

   The reduction of CO2 emissions associated to the "zero-cost" scenario identified above is of the order of &% with respect to BAU, or about 190 Mtonne CO2. 

   As concerns the technologies involved by the WCS, for natural gas the largest improvements of energy efficiency are in the segment of space heating, while for electricity the major opportunities are in the field of lighting. The White Certificate system promotes innovative technologies, which have been considered in some detail: examples are hot water production by heat pumps, conditioners based on centrifugal chillers, natural gas heat pumps, solar water heaters etc. 

Figure 1
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   The second part of the modelling work concerned the application of Tradable Emission Rights (TER) (or “black certificates”) to the EU-15+ single market (as defined above). The instrument of Tradable Emission Rights was simulated by imposing a cap to the CO2 emissions of the energy industry (heat and power generation) and of industry (as concerns energy self-production and Combined Heat and Power production), and letting technologies compete in order to reach this result. Three scenarios have been considered also in this case: one with a slight growth of CO2 emissions (less than the base, Business-As-Usual case); the second with stabilisation of CO2 emissions at the level of 2000, and a third with a net decrease of CO2 emissions. In the first case, the target at 2030 is -28% with respect to the base case, or +11% with respect to the emissions in 2000; in the second case, the 2030 target is -39% vs. the base case, or – 6% emissions vs. 2000; in the third case, the 2030 target is -53% vs. the base case and -28% vs. emissions in 2000. The third case is equivalent, until 2010-2015, to what is foreseen by the implementation of the Kyoto agreements in the EU (considering only EU-15), which implies a level of CO2 emissions in the thermoelectric sector not greater than 675-740 Mtonne/y by 2012, against a business-as-usual emission of about 1100 Mtonne/y at the same date. The reduction trend continues until 2030, with a level of emissions of about 615 Mtonne/y in that year. The intermediate scenario sees the attainment of the EU emission reduction targets by 2030 rather than 2015.  

    The model results in a containment of emissions obtained mostly on the supply side, i.e. in the energy sector and in the generation of energy (electricity, heat or CHP) in the 8 high energy-intensive industrial activities considered by the EU directive (see Note 6 further on). The reason for this is that the energy consumption in the energy-intensive activities considered is rather rigid, having gone through a long process of optimisation, unless radical changes of process are introduced: this is likely to happen only when entirely new plants are built, which very seldom occurs today in Europe for the energy-intensive sectors. The substantial reductions of CO2 emissions that are required have the effect of radically changing the structure of the energy production park. For the lower-ambition target, there is a strong increase of the natural gas combined cycle plants, which is sufficient to comply with the emission cap. In the other two cases, there is also a strong increase of RES plants, especially wind and biomass. The case with the highest reduction of emissions also contemplates the development of an advanced technology such as Hot Dry Rocks (HDR), since the potential of conventional geothermal energy is too limited.

   No consideration was given in this work to the technology of separation and sequestration of CO2, given the time horizon relatively too near for an important diffusion of the technologies for permanent sequestration. Nuclear production has been bounded not to exceed the present values, considering the phase-out engagements of various countries.

   The average overall cost of the reduction of CO2 emissions, calculated as the ratio of the increase of the total thirty-year overall cost of the energy system with respect to the base case to the total reduction obtained for the emissions is about 30 €/tonne of CO2 (or 110 €/tonne of C) for the slower scenario, about 35 €/tonne of CO2 (or 130 €/tonne of C) for the intermediate and over 50 €/tonne of CO2 (or 183 €/tonne of C) for the more demanding one. The CO2 emission cap is realistically simulated with a system of allocation and trading of emission permits. The price of the “black certificates” is calculated by the model and is roughly in line with the cost of emission reduction: about 30 €/tonne of CO2 (or 110 €/tonne of C) for the first scenario, 40 €/tonne of CO2 (or 150 €/tonne of C) for the second and, for the most demanding scenario, decreasing from 90 €/tonne of CO2 (or 330 €/tonne of C) in 2005 to 50 €/tonne of CO2 (or 183 €/tonne of C) in 2030, in relation with the dynamics applied to the emission cap. The resulting electricity price increases 30% in the first scenario, a little more in the second and about 60% in the third. These relatively high price increases are partly due to the fact that, as we mentioned, all the reduction in CO2 emissions is obtained on the supply side; also, on the 2030 horizon the technology of CO2 sequestration may well have evolved to present smaller costs than those picked up by the model. It should also be considered that these costs implicitly include the costs of the incentives for the installation of RES plants, not considered elsewhere in the ETS scenarios.

   The third part of the modelling concerned green certificates (GC). The mechanism of Green Certificates was simulated in the model by imposing a lower limit on the overall production of electricity from non-hydro renewable energy sources. This limit varies from year to year according to the assumed target. Different renewable energy sources (RES) technologies are left free to compete with each other to reach the limit value. Three different scenarios are examined: slower, medium and faster. The medium scenario sets the obligation for the share of electricity produced by (non-hydro) RES at 10% in 2010 (which corresponds to the 22.1% target foreseen by the EU directive on RES when the contribution of hydro is subtracted and the figures are specified for EU-15), and a share of 16% by 2020 and 20% by 2030. The slower-growing scenario sets the 10% share of RES at 2020 rather than 2010 (when the contribution of RES would be limited to 5%), and a share of 12.5% at 2030. The faster-growing scenario keeps the 10% value of the directive for 2010 but increases it to 20% in 2020 and to 30% by 2030. The two alternative scenarios thus represent variations of the medium scenario, the comparison with which allows a sensitivity analysis. 

   In the medium scenario, the electricity production by RES reaches about 350 TWh in 2010, about 600 TWh in 2020 and nearly 900 TWh in 2030. The RES supporting this sustained development are essentially wind energy and biomass, the potential of the last of which is estimated by 2030 up to 7 EJ/y (primary energy) at costs below 3.1 €/GJ. The overall cost of the EU energy system in the thirty years 2000-2030, is increased by 0.8% relative to the base case, as result of the RES obligation. The green certificates at the base of this instrument are exchanged at the EU level at a price (corresponding to the marginal cost) which the model predicts would decrease from 40 €/MWh in 2005 to 25 €/MWh from 2010 onward. The down-going trend of the price is linked to the target applied, which is stronger until 2010. The estimated price of the GC is added to a gross price for electricity of about 28 €/MWh.

   In the slower scenario, the price of GC is only a few percent lower, while the 30-year total cost of the energy system is 0.4% greater than in the base case without obligation to use RES. 

   In the more ambitious faster scenario, in contrast, the price of GC goes up to about 75 €/MWh, while the total energy system cost is 1.2 % higher than without the obligation to use RES.

   The CO2 emissions in the medium scenario decrease in absolute terms until 2015, while the further contribution from RES thereafter goes to compensate the phase-out of nuclear plants, and carbon emissions would rise again. If, instead, the life of nuclear plants should be further extended, or aging plants were replaced by new nuclear plants so that the nuclear production remained constant until 2030, RES plants would replace the production of gas and coal plants, and the level of carbon emission could be stabilised at the levels of 2015 (close of those of 2000) until the year 2030.

   It may be concluded that a mechanism of green certificates in a single European market, in the case of the medium scenario mentioned above, would bring to sizeable environmental and energy benefits.

   The final part of the work considered the interactions between different policy instruments, in particular white and green certificates. The model simulation yields practically the sum of the two effects: emissions are reduced by the sum of the two mechanisms; the extra costs of the system add up; the same happens for the investments in new energy technologies with respect to the base case. This could be expected, as long as the two systems apply to different segments of the market (in particular supply technologies vs. utilisation technologies) and the effects are not large enough to create indirect interference through macro-economic variables. 

5.2 Results of the modelling work for Italy

 In addition to the whole of the EU, model calculations were performed for Italy, Estonia and Germany.

   The modelling work for the case of Italy used the MARKAL-MACRO model
.

   Three scenarios have been considered, based on policy objectives already formulated in Italy:

· White certificates with the obligations foreseen by the decrees already published: an annual energy saving equal to 1.4 Mtoe of natural gas and 1.6 Mtoe of electricity (expressed in primary energy
) gradually reached by 2010 (there is a delay in the enforcement, these savings were initially foreseen to be realized in 2006)

· A reduction of CO2 emissions operated by a progressive carbon tax (simulating the emission cap hence the ET scheme) introduced in 2005 at 25 €/tonne of CO2 and then gradually increased to 100 €/tonne of CO2 in 2020.
· Green certificates with increase of 4% (this value has already been indicated in proposed legislation in place of the original 2%) of the share of electricity produced by renewable sources (from 12 to 16%) until 2010 and beyond;

· White and Green certificates together. 

    The conclusions found from the modelling include the following:

· The Green Certificates have a potential which is too low to influence the CO2 emissions appreciably

· The White Certificates free up economic resources which can be allocated more effectively, giving rise to a positive effect on the growth of GDP of some tenths of one percent

· The high Carbon Tax does reduce CO2 emissions, but with a severe impact on the growth of GDP (several percent less every year) and in any case without reaching targets of reduction in absolute terms

· The scenario with White and Green certificates together is essentially the sum of the two separate scenarios, with essentially no impact on GDP growth. 

5.3 Results of the modelling work for Estonia

   The Estonian simulation work, carried out with MARKAL, had to take into account the fact that Estonia is in some respect a unique case, due to the very high share of oil shales in the energy budget (60%), the highest of the world. The Estonian energy system presents low energy efficiency and produces high pollution. The economic collapse in 1990-1995 decreased the economic output by more than a factor 2; therefore there is no special challenge in meeting the Kyoto objectives, which make reference to the pre-crisis emissions, even in the event of a sustained economic re-growth. The simulation has concentrated on the post-Kyoto period 2010-2030, aiming at a 15% reduction of energy consumption in that period. Much of the attention is centred on the technologies for the use of oil shales in order to increase the efficiency of energy transformation and improve its environmental impact. Pressurised Fluid Bed Combustion (PFBC) is regarded in Estonia as the favourite future technology to replace pulverised oil shale combustion (the present reference technology, with low efficiency and strong negative environmental impacts), which according to government decisions should be phased out by 2015. Somewhat surprisingly, Estonia does not appear to be interested in oil shale gasification, at least for the time being.

  As concerns renewable energy sources, there is some hydro with little expansion potential; wind does not look very promising (a maximum of 400 MW, or 0.84 TWh/y, is considered compatible with integration into the present grid; long term prospects could amount to 1400 MW, or 3TWh/y), and biomass is only a little better (it seems that wood products are presently imported into Estonia). The setting of CO2 emission caps shows wide margins of oscillations of the reduction costs (and therefore of the tradable emission rights): from 0.5 to 32 euro/tonne of CO2 in the base case, and from 0.5 to 342 euro/tonne of CO2 in the “ambitious” case. Large new investments will be required for the renewal of the energy system. On the Kyoto horizon, Estonia is likely to have 5 Mt CO2 emission rights to sell in Joint Implementation projects.

5.4 Results of the modelling work for Germany
   The case of Germany was studied using the TIMES
 model. Two policy instruments were modelled: White Certificates and Green Certificates. Due to its implications in the energy mix, it is important to mention that the modelling work took into account the phase-out of nuclear power by 2025, as decided by the German government. The time period under analysis goes from 2000 to 2030.

   As the White Certificate Scheme is concerned, this was modelled using a single scenario with different energy efficiency targets. The analysed scenario used the following targets: 5% by 2010, 10% by 2020, 15% by 2030 less energy (natural gas and electricity) consumed by the residential and commercial sectors compared to the base case (business as usual or BAU) scenario. For the residential sector, most of the improvements of energy efficiency take place in space heating. According to the figures, the other energy services (e.g. cooking, lighting, etc.) represent minor opportunities of increasing energy efficiency. When it comes to the commercial sector, water heating represents the main area of energy efficiency improvements. It is worth mentioning that there is a shift in the fuel usage for district heating and electricity, although in a modest degree, in both sectors, as biomass displaces natural gas and electricity. Regarding the estimated value of White Certificates, this goes from approximately 6 to 9, and back to 6 €/MWh in 2005, 2020 and 2030 respectively. The peak price is heavily influenced by the phase-out of nuclear power. As a result of the application of the White Certificate Scheme, the undiscounted annual costs of the German energy system are reduced by 0.1% in average compared to the base case over the whole period under analysis. Indexed to the year 2000 of the base case, the reduction of total CO2 emissions resulting from the application of the White Certificate Scheme are 0.5%, 2.7% and 3.7% in 2005, 2020 and 2030 respectively.

    Due to the fact that the introduction of (non-renewable) energy saving targets increased the use of district heating generation using biomass, a variant of the scheme was modelled including district heating as part of the obligation. This was done in order to explore greater possibilities of energy efficiency in the residential and commercial sector. Here, the major changes occur in the former, and the largest improvements take place in space heating. For the commercial sector, space heating and in addition lighting represent the main sources of energy efficiency improvements. The estimated values of White Certificates are higher than in the previous case. The cost of elecricity generation goes from 33 €/MWh in 2005 to around 135 €/MWh in 2030. The overall investments in the energy system are greater than in the base case without obligations. Undiscounted energy system costs are 0.9% higher in average compared to the base case over the entire period under analysis. Indexed to the year 2000 of the base case, the reduction of total CO2 emissions resulting from the application of the White Certificate Scheme are 1%, 4.5% and 6.9% in 2005, 2020 and 2030 respectively. 

    A Green Certificate Scheme was modelled again under one single scenario that involved different targets, linearly extrapolated from the EU Directive, which states 12.5% of electricity generated from RES by 2010 as an indicative target for Germany. Thus, the analysed scenario was built upon the following targets: 6.1% by 2005, 12.5% by 2010, 20% by 2020 and 25% by 2030. By looking at the electricity fuel mix, the penetration of RES (non-hydro) grows significantly. Its contribution grows from 30 to 46 and to 143 TWh generated in 2000, 2010 and 2030 respectively. At the end of the analysed period, the electricity production from RES (non-hydro) has doubled the production of the base case scenario. Wind and biomass resources are the main contributors. Electricity production is reduced by around 3% in average with the respect to the base case over the whole period under analysis, reaching its lowest value (6.7%) by 2030. The higher penetration of RES (non-hydro) displaces coal significantly. Natural gas reduces its share but to a much lower degree. Nuclear and hydro maintain their trends and share as for the base case scenario. Indexed to the year 2000 of the base case scenario, total CO2 emissions are expected to be reduced by 3.8%, 6.6% and 12.2% in 2010, 2020 and 2030 respectively under this scheme. The estimated value of Green Certificates goes from 35 till 114 €/MWh. Total energy system costs (undiscounted), are marginally affected. They increase by 0.4% in average with respect to the base case over the whole period under analysis.    

6. The White Certificates System

There is in principle a nearly unlimited range of opportunities to increase energy efficiency. Many of these opportunities are highly cost-effective, with payback times of one or two years (e.g. most of the thermal insulation projects, compact fluorescent lamps and avoidance of stand-by losses) and are profitable in their own rights. As we have mentioned under 5.1, the fact that these cost-effective technologies do not diffuse rapidly, points to important market imperfections. The most obvious and important of these imperfections is the lack of information: most people and organisations do not know what options they have for saving energy, or get incomplete or distorted information. With the exception of energy-intensive industrial sectors, energy costs are not high enough for actors to bother about energy-saving measures. Another important barrier is organisational and financial: it is much more difficult and more costly to find funding for a high number of small interventions than for one large intervention of the same total amount. The sharing of costs and benefits between owners and renters is also a problem. Further, in many cases it may be difficult to find a reliable operator to contact in order to make this intervention. Finally, there may be other kind of barriers such as inadequate building codes, obsolete norms etc.

As a consequence, policy action is required. The WC system provides an attractive option, as a well studied market-based instrument of the "target and trade" type. However, due to the market imperfections we have just mentioned, this system cannot be implemented in isolation: it must be accompanied by information campaigns and other means to promote opportunities of energy saving; by facilitating the setting up of subjects that are able, qualified and certified to implement certain types of intervention, typically the Energy Service Companies, or ESCOs, which may also aggregate a large number of similar interventions both to make use of economies of scale and to present the aggregation as a lump for financing; finally, efforts must be made to remove non-technical, non-financial barriers that impede the diffusion of economically sound solutions.

Once these obstacles are overcome, the WC system may provide an important contribution to energy saving at a negative total cost: for EU-15, the model indicates a cost of -0.3 €/GJ/y at 2020 with a 10% reduction of energy consumption in the residential and service sectors as compared to a Business-As-Usual case. Actually, one could say that for a large number of interventions, the costs (apart from the transaction costs) are negative; they may be negative also if transaction costs are included, especially if actions are taken to reduce them, as mentioned in the following. 

6.1 Implementation issues

As a matter of fact, one of the main difficulties for the WC scheme is its transaction cost with regard to evaluation, monitoring and certification: it may be expensive and not always easy to estimate and verify the energy saving that can be obtained by a certain intervention with respect to a baseline (which in turn evolves with time).

The UK system of Energy Efficiency Commitments (where the obliged parties are the energy suppliers) has overcome this difficulty by admitting only a small number of types of intervention, for which a standardised energy saving is calculated based on simple assumptions, and “baselines” are calculated and agreed beforehand (however some minor kind of measurement and valuation is still needed). This has the advantage of drastically reducing the complication of the system and cutting down transaction costs, but it has the disadvantage of reducing the range of possible interventions and efficiency technologies admissible.

 The Italian system, where the obligated parties are the electricity and gas distributors, is more flexible and much more extended: but it pays for this with increased costs and with the technical and political difficulties that have delayed its entering into force until recently. Such difficulties include:

· The need of considering a wide range of possible interventions and establishing rules for the valuation of “open” project options (not listed beforehand)

· The uncertain role of regional governments in the scheme, and their contention with the central government on the decentralisation of energy issues

· The negative or at best sceptical attitude of electricity and gas distributors, who do not seem anxious to extend their activities to demand-side management (distributors, although formally “unbundled” from producers and suppliers, often share the same property structure, and prefer selling electricity and/or gas rather than energy services)

· The still unsolved question whether distributors should be allowed to perform post-meter interventions, which is challenged by anti-monopoly authorities

· The evaluation of the results of information campaigns, which, at least in the initial scheme, were listed as one of the possible categories of admissible interventions

   It should also be noted that the experience with Green Certificates wherever they have been applied shows that the role of the market is smaller than it could be predicted: many parties under obligation to produce GC (such as electricity suppliers) prefer to make direct agreements beforehand with companies that will set up a RES plant and sell them the resulting electricity (and which obtain in this way an assured return of their investments) rather than relying on a spot market the prices of which are difficult to predict. The same situation is likely to occur with White Certificates.

    Furthermore, a degree of uncertainty is implicit in the political evolution of each country; since there is generally not unanimity of all parties on energy matters, it may be questioned whether a WC scheme will survive some future elections. Long-term contracts that if needed may be held up in courts between the obligated party and the investors in energy efficiency may be needed to create confidence in the investors (this has been resolved in a similar situation in Germany and in Italy for the guaranteed feed-in prices of electricity generated by RES).

6.2 Economic effects

Energy saving interventions not only have a direct effect on energy expenditures and present a cost in themselves: they also have indirect (rebound) effects (see 6.3) and have an impact (positive or negative) on the economy as represented, for instance, by the GDP. This is evidenced by at least some of the modelling work. For instance, as mentioned for the case of the Italian model, the implementation of the White Certificate system has a positive impact on GDP of +0.1% in the year 2010 when the objective is a saving of 1.6 Mtoe (primary energy) for electricity and 1.4 Mtoe for gas. The same instrument also stimulates investments in new energy technologies: +1.5% with respect to the base case. On the other hand, the impact of a carbon tax on GDP would be negative: -0.4% in the year 2010 for a carbon tax growing from 25 to 30 €/tonne of CO2 in the period from now to 2010.

6.3 Rebound effects

A criticism often addressed to the policies aimed at energy efficiency is the “rebound effect”. The background in this logic is that increased energy efficiency leads to reduced demand for electricity for a given service, but the resulting decrease in the cost of this service may lead to a rebound (increase) in demand. This rebound is brought about by two separate mechanisms. The first is the elasticity of energy services with respect to their cost: higher energy efficiency means lower unit cost for the service, and unless the demand is saturated (hence inelastic), lower costs will induce higher demand for that particular service. This may be the case, for instance, for street lighting, where the perceived optimum level of service (for safety and security) is not reached in most situations, and the level of service is generally limited by costs. The second mechanism depends on the effect of the spending of the money saved from efficiency improvements, which will lead to more energy use (in a measure influenced by the energy intensity of the alternate spending).

Concerning the first mechanism, actual measures for energy efficiency in end uses have been found to provoke a rebound effect of 0 to 40% (defined as the difference between the projected and the actual savings), meaning that between 60% and 100% of the expected reduction in energy consumption is actually realised.

According to various studies, the rebound effect varies for different technologies: it is essentially absent in the case of “white goods” (home appliances) it is 10 to 30% for space heating, 0 to 50% for space cooling, 10 to 40% for water heating and 5 to 12% for lighting, The rebound effect can therefore significantly reduce the effect of a White Certificate scheme as concerns the quantity of energy saved and should therefore be accounted for.

An evaluation of the second mechanism has been carried out in the case of Italy, by comparing the results of MARKAL standard with results from MARKAL-MACRO: the first will not take into account rebound effects, while the second will consider the reallocation of the money saved: a significant rebound effect of 27% is found for the year 2020.

7. The Emission Trading System ("Black Certificates")

The ET is very clearly defined in the EC directive, and the implementation may be very effective, in the sense that it sets a cap (decreasing with time) to emissions (in the sectors concerned) and by imposing adequate penalties ensures that the policy goal is met. However, the initial phase of implementation is the allocation of emission permits to each plant involved, which has proved to be a non-trivial endeavour. Although it concerns only a limited number of industrial sectors, its concentration on the largest energy consumers (and CO2 emitters) makes it very relevant in terms of the energy budget (around 50% of the total energy budget of EU-15). However, the financial cost of this instrument may be high, and in particular it becomes very high for the parties obligated in the EU directive if the emission cap is lowered significantly, as apparent in the simulation results. The reason for that is that energy-intensive industries, which make up the bulk of the obligated parties, have been aware for a long time of the burden of the energy cost on their total costs, so they have generally already introduced those energy efficiency measures that appeared to be cost-effective (of course as seen in a private perspective, where externalities are not taken into account). Opportunities for adopting new technologies and processes with higher energy efficiency do exist in some energy-intensive activities (such as steel production) but this "leapfrogging" is generally justified only when new plants are being built, which is quite uncommon in the EU for such industrial sectors. In the medium to longer term, however, this situation is likely to change, with an expected increase in the number of replacement investments in energy-intensive industries as present plants approach the end of their useful life, or major overhauls are needed, and as highly efficient new technologies are increasingly available on the market at lower costs. These options, however, were generally not included in the MARKAL database, and therefore were not taken into account in the calculations. Their effect would probably start being significant only after 2020 or 2030.

  As was mentioned for the case of EU-15, reducing by 50% the CO2 emissions by 2030 with respect to the base case would imply marginal system costs greater than 50 €/tonne of CO2 (or 183 €/tC) while a reduction of 28% would bring to a cost about 20 €/tonne of CO2 (or 73 €/tC). Such costs should be compared with the savings in external costs and the benefits in term of climate change mitigation, health and environment, energy security and jobs creation.

 The emission certificate trading system allows substituting certificates bought on the market for the emission reduction that it was not possible or practical to obtain at home. As a result, the priority in intervention will be in those sectors in which there is more space for energy conservation and, within each sector, to seize opportunities that may occur (like the restructuring of a plant). This would be particularly relevant if certificates could be generated in countries with less advanced technologies, where there is greater margin for the rationalisation of energy use at lower costs: this could happen in the frame of the Joint Implementation or the Clean Development Mechanisms if the Kyoto Protocol will become operative: this is for instance the case, mentioned above, for Estonia, which could possibly sell emission permits for 10 Mt of CO2 per year during 2008-2012 at prices starting from 0.5 €/tonne; another 5 Mt could be traded via Joint Implementation projects.

The ET system, once the sharing of the burden among sectors and among enterprises has been agreed upon, is relatively simple to implement and to control, and should have relatively low transaction costs: but this still has to be proven on a large scale and in an international context. Lack of data and weak institutions in some EU member states raise questions about effective allocation, compliance and enforcement. 

It may be interesting to note that the energy company BP started an internal system of emission trading (covering both CO2 and CH4) on January 1st 2000, aimed at a reduction of 10% below the 1990 level by 2010. It appears that in the year 2000, the reductions were obtained at an average cost of 7.6 €/tonne of CO2 (or 28 €/tC), while in 2001, the average price of the internal certificates raised to about 36 €/tonne of CO2 (or 130 €/tC). It is not clear at the moment how widely this experience could be replicated in other energy-intensive companies.

8. Green certificates

   Green certificates can now be considered as an established instrument for enforcing the production of electricity from renewable energy sources. In principle, they could be extended also to the production by means of RES of heat and cool and of fuels for transport and other applications. Green Certificate systems (in different forms) are now in place in six EU Member states. The first steps have been taken towards a European-wide market for green certificates.

   Many differences exist between the various GC systems in place today: for the type of energy sources admitted (with variations especially as concerns hydro and waste; but in some cases non RES-produced electricity may be "assimilated" to renewables when it presents desirable characteristics, such as when deriving from combined heat and power production); for the obligated party (electricity producers, distributors or final clients); for the way in which it is accounted (in Italy, for instance, the only electricity producing GC is the one deriving from RES plants entered into operation after a certain date, and for a period not greater than 8 years), for the degree of flexibility in the time in which the certificates can be presented, in the existence of lower or upper boundaries on the prices of GC, in the type and amount of penalties for non-compliance and in the destination of such revenues. What is a common feature is that transaction costs are generally low: electricity generated by a RES plant and fed into the grid has in any case to be metered and certified because of normal commercial transactions and possibly because of taxation, so that Green Certificates introduce little extra costs for metering and verification.

   The Green Certificates System is effective and is likely to reach its goals, provided the penalties for non-compliance by the obligated parties are significant. As we have seen, its costs will depend on the specific conditions and opportunities of the country considered and on the level of penetration imposed for RES-generated electricity. Some countries (like Germany, Spain and in the past also Italy) have preferred a system based on an assured and remunerative feed-in price to the grid (for a number of years and possibly declining with time); this system has obtained notable success in accelerating the initial penetration of RES technologies, but may be excessively costly, it contains fewer market elements than the CG system, and if not properly calibrated it may not be conductive to speeding up the development of new cost-effective technologies.

9. Differences between Emission Trading and White Certificates

There are important differences between the Emission Trading and the White Certificate instruments:

1. by goal: ET is an instrument of environmental (or, more strictly, of global climate) policy and its stated objective is reducing greenhouse gas (GHG) emissions, in accordance with the obligations assumed with the Kyoto protocol and projecting beyond the Kyoto horizon (2008-2012). White Certificates is an instrument of energy policy, and its purpose is reducing energy consumption, or, more strictly, increasing the efficiency of final energy use; this is actually not a goal in itself, but rather a means of pursuing several objectives: increasing energy security, shielding the economy from oil (or gas) price volatility, protecting environment and climate stability and, last not least, providing energy services at affordable prices which allow economic growth and competitiveness. The two instruments are closely linked, as they concur in reducing GHG (or at least CO2) emissions, but there are also relevant differences; for instance, ET includes fuel substitution even if the primary energy consumption remains the same, while this would not be the case for WC; the same applies to carbon sequestration. In addition, saving electricity would have little effect for reducing emissions in countries where electricity is predominantly of nuclear and renewable origin, while the energy saving would remain in the WC scheme (see Table 3). Policy setting in the presence of multiple objectives has been identified as one of the important problem areas for the future. 

Table 3

Comparison of (fossil) energy saving vs. CO2 emission reductions

for different policy instruments - year 2020, EU-15+, intermediate scenarios
	
	Total CO2
Emission Reduction
	Total fossil

energy saved
	t CO2 saved

per  toe saved

	
	(Mt CO2)
	(Mtoe)
	t CO2/toe

	Black certificates
	-245
	-57
	4.3

	Green certificates
	-188
	-67
	2.8

	White certificates
	-216
	-91
	2.4


2. by sector: the ET system only concerns (at least for the time being) energy-intensive industries, including energy producers
, while the WC could cover in principle all sectors, but for the time being are applied to the building sector (residential and service sectors), which account for about one third of the final energy consumption in the EU (see Table 4). In the future, the ET and WC systems may be in competition as instruments to extend the efficiency/emission policies to new sectors, like the medium-energy intensive industries and transport.

Table 4

Final Energy Demand in 2000, by sector 

(Mtoe)

	
	EU-15
	EU-15
	EU-25
	EU-25

	Industry
	269
	28%
	310
	29%

	Domestic
	377
	39%
	433
	40%

	Tertiary
	133
	14%
	154
	14%

	Households
	245
	26%
	279
	26%

	Transport
	309
	32%
	333
	31%

	TOTAL
	955
	100%
	1077
	100%


Source: European Energy and Transport Outlook to 2030

3. by responsible parties: in the ET case, the responsibility (obligation) is clearly on the industrial activities and it is set at installation level, including power companies and industries. In the case of the WC, there are several options: the energy suppliers, the distributors, the final clients etc. Each of these gives rise to particular problems and/or opportunities. For instance in Italy, where the liberalisation of the energy market is still limited, the final users, at least in the domestic sector, have no choice as to the original supplier of the electricity or gas, and the choice of distributors as responsible parties for the WCS is justified by the fact that they are more closely in contact with the final user; in the UK, where the market is fully liberalised, energy producers (rather than distributors) may use the demand-side management as a further marketing aspect in their relation with clients. The responsibility to the final energy user, although in principle the most logical, collides with the difficulties inherent in a very large number of actors and with the information barrier. 

4. by evaluation and verification methods: in some cases these are straight-forward, in others they require complicated procedures which may weigh heavily on the transaction costs. An effort to reduce these costs in the case of a generalised application of the White Certificate system could increase their applicability.

5. by political responsibility: in most countries, ET systems are promoted and managed by Ministries of Environment, while energy efficiency is more often the responsibility of  Ministries of Energy or Industry or Economic Affairs; the same is the case for the European Commission. 

10. Interaction between different instruments

   As mentioned with regard to the results of the simulations, in first approximation there appear to be negligible interactions between ET and WC implementation. This is a consequence of the fact that these two instruments apply to different sectors of the economy (energy-intensive industry and buildings respectively), and only second order effects may appear: for instance competition for investments on new technologies, or changes in the structure of the energy supply reflecting in a different value of energy saving. These interactions are going to increase if in the future much lower caps will be imposed on the emissions and a much greater effort will be put into energy efficiency, and/or whether the two instruments will be applied to the same sectors, like for instance medium energy-intensive industries. The interaction (which we have not simulated being outside the scope of the present study) already exists between Green Certificates and Emission Trading for the energy industry. The attention in this case has been focused on avoiding “double counting”, i.e. preventing that the same project gets support from the two instruments at the same time. Although this is a legitimate preoccupation, the answer is not obvious; the two instruments have different objectives, and a project contributing to both classes of goals at the same time might well deserve a more generous treatment than another aiming at just one class.

    White Certificates and Green Certificates may and should be complementary. In particular, the White Certificate System in Italy includes the contribution of RES not covered by the Green Certificates: in particular, the production of heat rather than electricity (from solar thermal, biomass and geothermal sources) and the small-scale production of electricity below the threshold required by the GC system. It may be noted that a CHP plant using biomass will generateGC for its electricity and WC for its heat production.

    The certificate systems we have covered here, important as they are, should co-exist with other instruments, such as smart standards, procurement, differential taxation, R&D etc. Policy packages have a larger probability to deliver than isolated measures. It is important, however, that all these measures should be seen as components of a single energy policy, designed in a unified way and closely interfacing with each other.
11. Recommendations

   The results of the analyses and of the modelling work described above bring us to formulate a set of conclusions in the form of recommendations, directed mostly to policy makers in the field of energy at the level of the EU institutions, of the Member states and at the (sub-national) regional level.

1. There is ample space for increasing energy efficiency in all sectors of final energy utilisation (and not only in energy-intensive sectors) as well as in energy production and transformation, so as to contribute to all energy and environmental goals while promoting rather than hindering economic development. Enforced energy efficiency improvement is thus endorsed by the precautionary principle both from an environmental and an economic point of view.

2. Environmental, climate and energy policy should be more strictly co-ordinated than in the past; all impacts of an energy-related policy on climate, economy, environment, health, security of supply, competitiveness, employment etc. should be considered at the same time with appropriate weights, which are the result of general political decisions.

3. In particular, action in the domain of energy should be carried out jointly by Ministries responsible for Energy and those responsible for Environment at all levels (Member states, Commission, Regional and local governments).

4. Strong energy end-use efficiency policies are cost-effective, at least in their first phases and when compared with other policy options, and should be implemented vigorously in view of their energy security, environmental, health and climate protection effects.

5. Guidelines on the design and implementation of energy efficiency measures, and in particular of the White Certificate systems, should be issued at the EU level, and the performance of the different systems at country and regional level monitored and benchmarked, so as to help in their further development and diffusion. If this system is going to diffuse in the EU Member states, it would be important to ensure that they develop in a compatible manner, allowing for a EU market, and avoiding the difficulties inherent in the GC situations where many non-compatible schemes have been adopted.

6. The quantification of energy-saving objectives should be quite more ambitious than has been the case so far both at the EU and at the Member-state levels and related to the overriding objectives of energy security, health and environment, and climate change mitigation.

7. An energy efficiency policy (and more generally a sustainable energy policy) requires a number of different policy instruments and not just one. Norms, regulations and incentives are necessary and have their role; however, market-based instruments, properly designed and implemented, should be used as widely as possible.

8. While the ET system appears adequate to cover the energy-intensive industrial sectors, the White Certificate system now considered for the residential and commercial buildings seems more adequate for reaching new sectors, in particular the industrial sectors with medium and low energy intensity; it is suggested that this system should progressively be extended from the domestic and the service sectors to industry.

9. The transport sector is till now waiting for market-oriented mechanisms to improve energy efficiency; although great progress has been obtained in terms of the energy efficiency of single vehicles, this has been more than compensated by the increase in the demand for private transport, larger average size of cars and in many cases worse traffic congestions, and little or nothing has been achieved in terms of transport systems and modal shifts. Inventive thought is required in this direction; new ideas and experimentation should be encouraged; an eventual extension of a WC-like system to transport should be evaluated.

10. The evaluation of projects should be standardised as much as possible and be based on simple and agreed criteria to calculate the base-line, as done in the UK and proposed for most technologies in Italy so as to simplify procedures and reduce transaction costs. Due to the importance of transaction costs for the success of WC schemes, R&D in this direction is recommended. Progressive implementation of the WC scheme, gradually introducing new technologies and new sectors, may be considered. 

11. In order to have an effective implementation of a White Certificate system, a parallel or preliminary action is needed to eliminate or at least reduce market imperfections: this is a task for national and regional governments. The first step should be through effective and objective information campaigns, starting from the residential sector, where the largest potentialities are present.

12. There is generally a lack of effective and objective structures to carry out the field work required for demand side management. Such Energy Service Companies (or ESCO) should be the backbone of a WC system, which creates a market for their services. However, this market has been slow in stimulating the birth of such companies, or the expansion of those which are already present. Public support in the start-up and in the first phases of ESCOs is recommended, as is a system of qualification of ESCOs that can guarantee the client of their competence and ability to deliver. Investing in ESCOs also brings benefits in terms of job creation.

13. Financial barriers have been recognised as one of the main obstacles to the introduction of energy saving measures, even when they are cost-effective. Provisions to facilitate financing of such measures by bundling similar projects, or by guarantees through a rotating fund should be introduced by the banking system with public back-up.

14. Legislative and normative constraints slowing down the penetration of effective energy-saving measures should be identified and removed whenever possible; such barriers may be present for instance in (outdated) building codes, in unnecessary safety regulations or in competition-protecting rules. 

15. Energy efficiency can not only be the right solution for the long-term energy system (e.g. by reducing import dependence and hence increasing security of supply) but also provide the quickest and most effective response to unbalance between energy supply and demand (e. g. in order to avoid blackouts). Schemes to remunerate energy efficiency as a “power credit” should be explored.

16. Technological development is a pre-condition for a sustained improvement in the efficiency of energy use. Long-term energy scenarios as those considered in the present work show that the gradual improvement of the technologies available or being studied today will not be sufficient to feed the efficiency improvements needed beyond 2015 or 2020. Fundamental research on many aspects of energy utilisation and innovative approaches are needed and should be supported.

� The assistance of ETSAP – the Energy Technology Systems Analysis Programme – of the International Energy Agency in setting up and utilising the MARKAL models is gratefully acknowledged 


� COM/2003/0739 def. of 10/12.2003 - COD 2003/0300


� This value refers to the year 1999 (Johansson, T. B.; Turkenburg, W.: Policies for Renewable Energy in the European Union and its Member States: An Overview. Energy for Sustainable Development, Vol. VIII, No. 1, March 2004, pp. 5-24). It has been applied to total electricity production in the year 2000.


� According to IEA/OECD: Energy Balances of OECD Countries 2000-2001, published in 2003


� Value for TPES (Total Primary Energy Supply) according to IEA/OECD: Energy Balances of OECD Countries 2000-2001, published in 2003


� IEA/OECD: CO2 From Fuel Combustion – 1971-2000. Paris, 2002


� MARKAL (MARKet ALlocation) has been developed by the Implementing Agreement of the International Energy Agency for a Programme of Energy Technology Systems Analysis (IEA/ETSAP). Two international teams based at Brookhaven National Laboratory (USA) and Kernforschungsanlage Juelich (Germany) implemented jointly the first version in the late seventies. The “Second Assessment Report” of IPCC (IPCC, 1995) suggests using MARKAL models to evaluate possible impacts of mitigation policies. The source code is open, regularly maintained and documented. The most recent versions of the tool are considerably more powerful and rich of options; they are documented together with the users’ interfaces at � HYPERLINK "http://www.etsap.org" ��www.etsap.org� and in several related web sites.


�  MARKAL-MACRO is a non-linear, dynamic optimisation model that links MARKAL, the bottom-up specification of a country’s energy system, to a top-down macroeconomic growth model to provide a dynamical, neoclassical, applied general equilibrium model. The difference with the standard MARKAL is the determination of demand for energy services. In MARKAL-MACRO, once MARKAL finds the least-cost way to meet the demand, energy costs are passed back to MACRO, which compares energy costs to activity in the rest of  the economy. If a decrease in energy costs causes an increase in consumer utility, a new higher level of demand for energy services is estimated and returned to MARKAL, and so on until the process finds the highest level of consumer utility.


� In the so-called Primary Energy Equivalent units, where non fossil electricity is converted to primary energy by using an average fossil efficiency of 39%, with the standard coefficient of 2200 kcal/kWh (=9200 kj/kWh).


�  TIMES (The Integrated MARKAL-EFOM System) is an evolutionary development of MARKAL, which introduces a much higher degree of flexibility in the description of the energy system and allows for investigating a wider range of problems.


�  The EU Emission Directive includes the following “activities”: Combustion installations exceeding 20 MW; mineral oil refineries and coke ovens; production and processing of ferrous materials; production of pig iron or steel; production of cement clinker with a capacity exceeding 500 tonnes per day or lime above 50 tonnes per day; manufacture of glass exceeding 20 tonnes per day; ceramic products exceeding 75 tonnes per day; pulp and paper production exceeding 20 tonnes per day
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