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Abstract: The energy landscape of the 21st century is dominated by ramifications necessitating critically low carbon emissions and efficient utilization of renewable energy sources. Therefore, in order to support the transition to the green energy era a myriad of policies is drafted and implemented with the most notable being the “20-20-20” European directive. Therefore, effective marketing strategies could assist in the transition from fossil fuel based to clean energy production technologies. Thus far, the existing body of marketing literature tackling the adoption of green energy systems is rather limited. In addition, innovation diffusion models in the energy sector are case-depended and can only provide myopic managerial insights. To that end, well-designed intervention policies in the marketing domain could stimulate the environmental awareness of consumers and further foster the diffusion of renewable sources in the energy sector. Hence, in this study we propose a System Dynamics (SD) methodological approach to assess marketing interventions that could promote the diffusion of clean energy production. Such modelling could provide important managerial insights with regard to the merit of effective marketing operations towards a robust and sustainable future in the energy landscape.
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1. Introduction
Global warming and climate change have accentuated international environmental concerns, thus enhancing consumers’ ecological attitude towards environmental friendly products and services (Fuentes 2015). To that end, in order for organizations to harness the environmental sensitivity dynamics of local and international markets in an efficient and profitable manner they continuously elaborate innovative “green” marketing strategies to communicate their environmental sustainability initiatives to consumers. In addition, main aim is to shift stakeholders’ mindset towards environmental friendly operations throughout the entire products’ and services’ value chain (Laari et al. 2015). Specifically, environmental concerns stem from the increased CO2 emissions related to conventional energy sources hence necessitating the growth of cleaner energy options to meet the global demand for renewable energy (Edeseyi et al. 2015).
However, despite the key role of renewable energy sources towards ensuring environmental sustainability in the European Union, the share of clean energy supply to the total energy consumption in the respective region is estimated to only 8% (Eurostat 2010, Menegaki 2012). The latter observation can be attributed to the significant required investments in infrastructure and the inherent consumers’ reluctance in directly or indirectly paying a higher price for the supply of green energy (Sundt and Rehdanz 2015).
[bookmark: _GoBack]To that end, marketing strategies and programmes could have a positive impact on shifting the consumers’ preference and willingness to pay towards clean energy options (Carrigan and Attalla 2001, Harper and Makatouni 2002, Kim et al. 2013, Leonidou et al. 2010, Schröder and McEachern 2004), thus promoting investments in the field along with the considerable adoption of renewable energy sources in the energy production mix. Nevertheless, existing studies fail to capture the complex nexus of marketing dynamics governing the energy market. To that end, the System Dynamics (SD) methodology could be elaborated to provide a realistic representation of the total marketing effect and its component factors in the diffusion of clean energy production in the respective market.
The structure of our paper is as follows. In Section 2 we provide a rather short review of the literature regarding the marketing of clean energy and consumers’ traits shaping their willingness to pay for the supply of clean energy. Following, in Section 3 we propose a SD model for the diffusion of green energy in the market, while in Section 4 we present preliminary numerical results. Finally, Section 5 discusses the outcomes of our study and concludes with future research implications.
2. Literature review
Existing research on the marketing of green products and services focuses on both intrinsic and extrinsic factors influencing consumers’ purchasing decisions. Marketers develop their proposed strategies and programmes based upon these factors. Intrinsic factors refer to the psychological values of consumers that shape their attitude towards clean energy. Considering that the aforesaid psychological traits are rooted on the social and demographic background of consumers, marketing practices focusing on the consumers’ intrinsic characteristics aim only at amplifying their purchasing attitudes. Indicatively, it is documented that marketing effects upon green energy tend to be more evident in case consumers have high income (Diaz-Rainey and Ashton 2011), are highly-educated and are better informed about energy issues (Ozaki 2011). On the other hand, extrinsic consumer characteristics can be influenced by marketers through effectively communicating information and educating prospective consumers on green energy issues (Herbes and Ramm 2015).
3. System dynamics framework
In this section we present a modeling approach for investigating the role of marketing in the diffusion of clean energy technologies in terms of the total consumed energy generated by renewable energy sources. Specifically, we solely focus on the impact of marketing practices on the total adoption rate of clean energy. In this context, we utilize the Bass diffusion theory describing the adoption of a new product or service in time. Thereafter, capitalizing on the study provided by Toka et al. (2014), we propose a SD modeling framework that could be employed by marketers as a strategic decision-making tool for investigating the impact of several marketing interventions on the adoption of renewable sourced energy by consumers.
Developed by Jay W. Forrester about five decades ago, the theory of SD is a tool for designing policies in order to manage complex business problems. The dynamic complexity arises because systems are dynamic, tightly coupled, governed by feedback, nonlinear, history-dependent, self-organizing, adaptive, counter-intuitive, policy-resistant, and characterized by trade-offs (Sterman 2000). The structure of a system in SD methodology is based on causal loop diagrams, where a causal loop diagram represents the major feedback mechanism governing the system under study. These mechanisms have either a negative (balancing loop) or positive (reinforcing loop) effect. A balancing loop exhibits goal-seeking behavior: after a disturbance, the system seeks to return in an equilibrium state. In a reinforcing loop an initial disturbance leads to further change, suggesting the presence of an unstable equilibrium. The direction of the influence (causal links) displays the direction of the effect. A positive (+) or a negative (-) polarity demonstrates the direction of the effect. In positive causal links, the variables change in the same direction, having positive or negative impact (Sterman 2000). Finally, a negative causal link demonstrates a change at the opposite direction.
3.1. System under study
We consider an energy market (in MWh) that entirely consumes a fixed amount of energy generated entirely by conventional production technologies. We expect to completely satisfy the energy demand of the target market by employing renewable energy sources over a time horizon of 10 years. Furthermore, we assume that the adoption of clean energy requires significant investments, thus the adoption rate represents the expected MWh generated by clean technologies for the first time. The adoption rate of clean energy represents the total marketing effect and is influenced by three factors, namely: (i) advertising effectiveness, (ii) word-of-mouth effect, and (iii) market environmental awareness in terms of tons of CO2 emissions.
3.2. Model description
The proposed modeling framework is developed by applying the SD theory. The causal loop diagram encapsulating the overall diffusion mechanism is illustrated in Fig 1. The depicted mechanism encapsulates the idea of the size of the energy market in terms of energy demand (in consumed MWh). Our aim is to investigate the effect of marketing efforts towards replacing the conventionally generated energy by clean energy production in a fixed market.
Our model captures the Marketing Effect (ME) dynamics in the energy market resulting from three identified feedback loops capturing Environmental Awareness, Word-of-Mouth and Market Saturation factors respectively.
 [image: ]
Fig 1. Causal loop diagram of the system under study.

Firstly, the Environmental Awareness reinforcing loop (R1) embraces the CO2 emissions (in tons of emissions) and the market environmental sensitivity (in MWh) factors. The greater the amount of energy generated by conventional sources, the higher the CO2 emissions in the atmosphere. Following, the increased concentration of CO2 emissions stimulates consumers’ environmental sensitivity thus enhancing the effectiveness and the need for potential marketing practices regarding the supply of clean energy. Secondly, stimulated by the positive environmental impact of green energy production systems, the World-of-Mouth concept is activated thus having a positive marketing effect (reinforcing loop, R2). Finally, given the fixed size of the energy market under consideration, market saturation decreases the effectiveness of advertising thus limiting the adoption rate of green energies (balancing loop, B).
4. Research results
In this section we demonstrate the behavior of the proposed model through an indicative numerical example. At first, Fig 2 presents the fixed size of the considered energy market that is initially satisfied by conventional energy production systems. Following, through the strategic horizon of 10 years we observe the annual trend in energy demand satisfaction (in MWh) through utilizing both conventional and green energy production technologies. Furthermore, the clean energy adoption rate (in annual MWh) corresponding to each of the identified marketing factors is presented in Fig 3.
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Fig 2. Total energy adoption.
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Fig 3. Energy adoption rates.

5. Conclusions
The design and management of marketing operations could positively affect the adoption of renewable energy sources in the energy sector. Particularly, investments have to be directed towards the ecological education of the targeted market and the dissemination of information about the environmental and social merits of clean energy (Anda and Temment 2014, Wassermann et al. 2015). Therefore, our proposed SD methodological approach could be used as a decision-making tool to monitor the impact of marketing operations to the diffusion of green energy in the respective market, therefore providing managerial implications for a robust and sustainable future in the energy sector.
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