MOZERT - Modelling personal carbon allocation schemes and analysing their impacts on households and energy system
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(1) Research Topic

Ambitious targets in climate policy (especially in a long term Post-Kyoto perspective) are faced with disillusioning interim results, concerning actual achievement of these targets. Therefore, an urgent question comes up, if the hitherto applied instruments in climate politics are sufficient. It appears to be necessary to become engaged in the development, discussion and analysis of novel approaches. One basic shortcoming of state-of-the-art climate policy is that clearly quantified targets for the reduction of greenhouse gas emissions shall be achieved with “unpredictable” instruments (as investment incentives, standards, CO2 taxes or information campaigns), in the sense that the actual emissions reductions effect of these instruments is difficult to predict. Under this point of view certificate based instruments which allow a direct regulation (a cap) of the amount of emissions appear attractive.

The aim of this paper is to present a conceptual basis for a „climate-politics simulator” currently being developed by a consortium financed by the Austrian “Klima & Energiefonds”, for investigating the effects of different personal carbon allocation schemes on the socio-economic situation of households and the energy system. Examples for these carbon allocation schemes considered include Cap & Share and TEQs, which can be applied complementary or alternatively to “classic” emission-trading, as currently implemented within the EU-ETS. Methodically we use a multi-paradigmatic modelling approach by combining top-down (TIMES- energy model, System Dynamics Modelling) and bottom-up modelling approaches (Agent Based Modelling). 
(2) Methods & Related Research

Current studies in Ireland (Johnson et al. 2008) and England (Roberts and Thumim 2006) show, that personal carbon allocation schemes are a topic of societal relevance which is also of interest for political decision makers. The German Aachen Foundation Kathy Beys is promoting the CO2-card as an important policy instrument (www.co2card.de). The Australian initiative “carbon equity” (www.carbonequity.info) writes on its home page “The idea of carbon rationing is a better response than carbon taxes, and here's how it will work.” The international resonance shows that the topic is of relevance with possibly increasing importance. This project aims to give a considerable impulse in this respect. 

In order that an effective climate policy regime shall actually lead to a cap and stepwise reduction of greenhouse gas emissions, the question comes up to what extent the reduction target can be reached by increased application of energy efficient technologies, transition to renewable (resp. at least less fossil carbon -intensive) energy resources, behavioural changes (energy-saving behaviour, curtailments in consumption of energy services).

The relative importance of each of these options determines if the transition is going more or less smoothly. The behaviour of different actors (in the sense of investment and consumption behaviour) influence the relative contribution of each of these options to reach the goal of a less fossil carbon intensive society. 

The computer simulations which are conducted within MOZERT shall demonstrate how within different scenarios (defined by a certain choice of a certificate-based instrument or a combination of such instruments and other scenario parameters)

•
the mix of energy sources by applications/energy services,

•
the diffusion of energy efficient and renewable energy technologies, and

•
the socio-economic situation of households

might develop in the course of time.   

The considered time frame covers 20 and more years, i.e. goes at least until 2030. The socio-economic situation of households under the new framework of personal carbon allocation schemes is determined by the initial situation of the households on the one hand, by the options for action and actual decisions of the households on the other hand.

The “socio-economic situation of households” covers distributional aspects (which types of households become winners / which losers?) and ”energy prosperity” (which spectrum of energy services is still affordable for which household type?).

MOZERT integrates different modelling paradigms, because the analysis of research questions and problems in relation to society-human-environment interaction benefits from the use of different methods and modelling paradigms. Due to this multi-paradigmatic approach the advantages of the different methods can be gained and the disadvantages, at least to some extent, can be reduced. (Scholl, 2001; Villa and Constanza, 2000; Vangheluwe et al. 1996). The advantage of applying this combination of approaches is that, while quantitative analyses concerning the aggregated system behaviour can be conducted relatively easily by top-down approaches, it is nevertheless possible on the other hand to go for more detailed bottom-up considerations in parts of the system, which show emergent self organisation phenomena within these subsystems.

Emergent phenomena (on a macro-level) driven by actions and interactions of social actors (on a micro-level) will be investigated by multi agent-based modelling and simulation. 
(3)Results

A combination of a top-down approach (SD modelling) for parts of the economy, TIMES modelling for the energy system and a bottom-up approach (MAS modelling) for a detailed coverage of the self-organisation mechanisms as well as the behaviour of relevant actors, has not yet been used in this context. Regarding the complex problem being researched in MOZERT, such an innovative methodology clearly shows it’s advantages over classical approaches. Within MOZERT we are able to simulate the specific behaviour of households in a  transparent way. 
Agent-based modelling is an appropriate approach to incorporate differences in decision making of lifestyle groups. In our agent-based MOZERT-model households are classified by agent groups differentiated according to their life-style types. To model decision-making of an household we use cognitive agents based on the BDI-architecture. The BDI agent concept implements the principal aspects of Michael Bratman's  theory of human practical reasoning  and is well-suited to model households decision-making process. To provide the agents with options we created a set of energy relevant activity options influencing energy usage and CO2-emissions. Thus we are able to model effects in the main end consumer segments housing including heating and electricity as well as transport. Activity options may be either investments into technology or changes in behavior. Agents in MOZERT are no static objects but evolve dynamically and individually. Agents may also change their opinion towards an activity option based on leader-follower mechanisms. All these characteristics lead to dynamic agent behaviour in the model which is closer to reality than static top-down models especially in times of transformation. 

Regarding PCA-schemes our qualitative assessment brought us some insight into the different schemes and their possible advantages and disadvantages. The next steps towards an understanding of the possible outcomes of an introduction of such a scheme are quantitative scenarios comparing different PCA-schemes and their impacts on people and the energy system. The results of the overall project MOZERT are to produce knowledge about the effects and dynamics of the different certificate based instruments, to generate supporting data for decision-makers in Austrian and European climate and energy policy. The insights gained with the help of the climate-policy simulator could contribute to make climate protection effective, successful and actually sustainable. 
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