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Overview

Electricity has been the rising fuel of the last 40 years. Its consumption from 1973 to 2014 has almost quatrupled to become the second most important fuel in final consumption, after oil products, that have seen their use rising only by a factor of 1.67 (IEA, 2016). This increase in electricity consumption and production resulted in much larger amounts of coal and natural gas burned in power plants, leading to both increasing shares and absolute greenhouse gas (GHG) emissions from these two primary energy sources. The need to fight climate change through a decrease in GHG emissions requires integrating more renewable energy sources in electricity systems (to lower emissions from coal and natural gas in this sector), but also an electrification of some energy uses, such as heating and transportation, to lower emissions from oil and natural gas (e.g. Dennis, 2015; IEA, 2013; TEFP, 2016).
This dual challenge, decarbonization of the grid and further electrification of energy consumption, will require significant changes in power systems. If smart grids, decentralized generation and energy efficiency will play an important role, large power plants and transmission lines will unlikely disappear. In fact, infrasctucture investment in the power sector is regularly reported as being urgent and lagging (e.g. RMI, 2015). These investments are however usually planned in the limited context of a state or a province, and not in a broader regional perspective. NREL (2016) is however an exeption, by looking at how the “Eastern Interconnection” (the whole US East coast, Mid-west and Canadian central and eastern provinces) could add more solar and wind into its systems. It finds important opportunities. Hydro power developments are however out of the focus of this study, and it does not particularly exlpore the role of hydropower reservoirs in integrating renewable resources and planning transmisison lines. Furthermore, by having a very broad geographical focus, it cannot deal with some more specific goals and issues some states and provinces have. An even larger study is currently underway between Canada, the United States and Mexico: the North American Renewable Integration Study (www.nrel.gov/analysis/naris.html). Despite their interest, they lack some specific focus on hydropower.
This paper looks at the regional role that the province of Quebec (Canada) could play in the regional electricity system with its important hydropower capacity (40,000 MW) and reservoir capacity (176 TWh), greater than New England’s yearly consumption (about 140 TWh) or New York’s consumption (almost 160 TWh), see NPCC (2016). We focuse particularly on New York, given its ambitious 2015 energy plan “Reforming the Energy Vision” (REV), aiming at generating 50% of the electricity from renewable energy sources by 2030 (NYSERDA, 2015), up from 24% in 2014 (EIA, 2016). Given the already important interconnections between Quebec and New York (nearly 2,000 MW), exports from Quebec (close to 10 TWh per year) and possible additional internconnection (the 1,000 MW Champlain Hudson Power Project; see www.chpexpress.com), Quebec could play a major role in helping New York reach its goal in a cost effective way.
More specifically, this paper assesses the gains from a combined New York-Quebec planning in power generation and transmission, under increasing renewable energy constraints, taking into account the intermittent nature of wind and solar production, while potentially benefitting from large hydropower reservoirs. 
Methods

We use a linear-capacity-expansion model to analyze the impact of different renewable-integration policies on the New York and Quebec's power systems. This model consists in investment and operations decisions during multiple hourly periods with hydropower and transmission constraints, which would permit to assess the value of Quebec's hydropower flexibility and storability. Such a model is similar to models developed previously (Tapia-Ahumada et al., 2015; Octaviano, 2015) and is in the family of capacity-expansion models such as NREL’s Regional Energy Deployment System (ReEDS); see NREL (2014).
Results

Expected results from the model will illustrate the investment and operation cost differences with and without the use of Quebec hydropower reservoirs to acheive the New York goal of generating 50% of the electricity from renewable energy sources by 2030. In addition, the model’s results will assess the benefits of an additional transmission lines between the two jursidictions.
Conclusions

Despite the rising importance of electricity in energy systems and the critical role it will have to play in the decarbonization of the economy, regional aspects of electricity and renewable integration receive too little attention. When, in particular, hydropower reservoirs are available in a specific region, significant gains can be achieved by planning regionnaly rather than on the historical state or provincial basis.
This study proposes a regional electricity model to assess the gains of planning and operating the Quebec and New York power systems in more integrated way. Results will show the scope of economic savings that can be associated to more integration, while reducing GHG emissions from the power sector.
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