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Overview
In 2017, transport accounted for 42.9% of total final energy consumption in Ireland. Since fossil fuel remains dominant (96.7%) in the transport sector, transportation makes up 38.9% of the energy-related CO2 emission.
To address energy and emission concerns in transport in Ireland, policies are implemented to promote low emission energy, integrating fuel-efficient powertrains, and optimising modal split options. Energy modelling tools can be used to develop pathways towards sustainable transport and guide policy making. The tools describe the transport energy system and depict the course to fuel and technologies deployment necessary to fulfil the evolving travel demand in Ireland. Currently, many energy-environment-economy integrated assessment models have their transport modules such as transportation modules in GCAM (Mishra, et al., 2013), AIM/CGE (Mittal, et al., 2017) and MESSAGE (McCollum, et al., 2017). There are also transport only models with multiple regions, such as MoMo by IEA (Fulton, et al., 2009) and Roadmap by ICCT (Façanha et al., 2012). On the national level, the transport sector is frequently represented in the optimisation models, such as TIMES model (Gerboni, et al., 2017) and MARKAL model (Börjesson and Ahlgren, 2012). Apart from optimisation models, simulation models have been established to forecast the future transport demand from the techno-economic approaches (Kloess and Müller, 2011; Brand, et al., 2012; Mulholland, et al., 2016). For the modelling studies, lack of comprehensive representation of consumer behaviour in transport modelling is identified as a critical research gap (Schäfer, 2012; Venturini, et al., 2018). 
In this paper, we establish a transport-energy-environment model from a bottom-up perspective to explore essential factors and alternative scenarios to provide the understanding of challenges that face the transport in Ireland. We do not only provide an integrated approach of energy and transport modelling for policy making in Ireland but also contribute to the literature in the area of energy, environment and economy modelling by improving the behavioural representation in the transport (energy) model and linking our model to a computable general equilibrium model. 
In this model, both passenger and freight transport are modelled in details with transport modes (walking/cycling, car, bus, van/truck, rail, air, navigation) and technologies which are defined by fuel type, engine size, CO2 emission rate, weight and vintage. Importantly, we seek to softly link the transport (energy) model with a computable general equilibrium (CGE) model. This hybrid approach can not only provide technological details for representing the transport demand but also can clearly define the macroeconomic background and give a high level of foresight of the whole economy. Furthermore, we attempt to integrate behavioural realism to strengthen the representation of unbounded rationality by including non-monetary attributes and non-optimizing decisions based on imperfect information.
Methods
Based on the ASIF methodology (Schipper et al., 2000), the energy consumption/emission in transport is calculated as the product of transport demand, load factors, and energy efficiency (emission rate). The transport energy model consists of four modules: vehicle stock module, transport demand module, fuel consumption module and (life cycle) emission module. The vehicle stock module is mainly based on historical passenger car and freight LGV and HGV data, considering new car sales and scrap rate. Transport demand module consists of regression models (econometrics) which forecast future transport demand based on the time series historical data of transport demand and exogenous macroeconomic factors from the Irish CGE model (DeBruin and Yakut, 2019). The transport demand is attributed to transport modes and then vehicle technologies. Transport mode and technology choices (share, ) are modelled by (nested) multinomial logit models with a generalized price () based on costs and time spent.  is the share weights and   is the logit exponent. An extension of our choice model is to consider the attributes of consumers and alternatives 

At last, corresponding energy efficiency factors (emission rates) are from Dennehy and Gallachóir (2018) and the COPERT model is applied to calculate the total energy consumption and emission. The estimation of the factors considers the on-road factors and decay rate over the years. 
This transport model is softly linked to the CGE model. We feed back the travel demand, energy consumption, and costs from the transport model into CGE model to re-estimate the related parameters and then pass the updated macroeconomic indicators, energy prices and carbon prices to our transport model. We iterate the process until the difference in energy consumption of two models converges. 
Three scenarios are developed with different sets of assumption for demographics, energy prices and technology improvement. The scenarios are featured by energy/emission policies and targets in Ireland.
Results
Some of the preliminary results are summarised as follows.
· [bookmark: _GoBack]Transport demand for transport will continue to rise due to future low fuel prices and economic growth in Ireland. Considerable reduction of energy consumption and GHG emissions can be achieved with forceful policies and measures in Ireland. 
· A combination of emission standards, carbon tax, fuel taxes and vehicle taxes shifts passenger vehicles to more efficient technologies and also reduces their annual travel distance. Further reductions in energy consumption and emission, in the long run, require more stringent regulations for freight transport. 
· Energy efficiency measures for vehicles are effective in the short run, but they are unlikely to have a significant impact on energy consumption and emission reduction in Ireland. Up to 2050, the use of biofuel and the penetration of electric vehicles will play more important roles.
Conclusions
Transport sector becomes increasingly crucial in energy consumption reduction and climate change mitigation. A comprehensive policy framework should be designed for Ireland to carry out a low carbon transition in the transport effectively and efficiently. Our model is established with an integrated view of the transport sector in Ireland, a flexible connection to the rest of the economy and improved representation of behaviour realism in transport. It explores scenarios and pathways for the low car future for transportation in Ireland and provides policy implications for decision making.
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