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Overview
Changing regulatory environments for renewable energy are occurring against the backdrop of several decades of uneven restructuring efforts, the results of which have shown how policy-maker motivations, institutional constraints and implementation details can significantly affect outcomes. From the 1980s, China gradually introduced competition in generation to address widespread energy shortages and in 2002 made more ambitious plans to create wholesale markets and empower an independent regulator, though these attempts have largely failed. An essential element elongating this transition is the careful balance between central and local management of grid functions which grants, for example, provincial governments the right to control a production quota-setting process and handle much day-to-day operations [1].

These varied regulatory features complicate analysis into operations of China’s future electricity system as commonly used optimization models (e.g., unit commitment) make strong assumptions on centralized decision-making and/or competititive markets. Equilibrium formulations of market participants can relax some of these assumptions, but equilibrium constraints are quadratic and quickly become intractable when mixed integer decisions are allowed. There is a need to better understand the implications of the partially-restructured electricity sector for operations using technologies with different operational characteristics (renewable energy, storage, natural gas, nuclear, etc.).
Methods
A mixed integer unit commitment (UC) model of China’s northeast grid region was formulated with additional detail on the region’s wind resource profiles and coal-based combined heat and power (CHP) plants, which provide electricity and district heating and are designated “must-run” in winter. Two regulatory features were operationalized in the model – an annual quota share given to coal generator types, and the decentralization of some dispatch decisions to the provincial level. Different formulations of the quota were compared, either as coupling constraints or cost penalties for not meeting certain objectives. Provincial dispatch was first simulated as a reduction in effective transmission limits and a modified set of reserve requirements. Further formulations will be tested. The northeast was selected as a test region because of its high wind curtailment, which is hypothesized to be due to a complex set of regulatory and technical factors [2], [3]. 
Results

The China-UC was solved in week-long intervals (168 hour timesteps) for a typical winter demand profile and for several wind resources. In the reference case, due to various forms of inflexibility and insufficient demand, curtailment rates were not negligible: on average 6.6% and up to 9.6% depending on the week’s wind resource. 

The two regulatory structures examined led to higher costs and curtailment, and in some weeks up to 1% higher coal consumption. Removing these regulatory barriers and flexibly operating CHP plants (dynamically setting minimum power outputs based on heat output and assuming cost-loss heat storage) and electricity-only coal plants (more frequent coal cycling, ignoring increased maintenance costs) broought economic savings, wind integration benefits and reduced coal consumption of 1-3% during winter months. 
While reforming quotas or dispatch separately resulted in additive cost improvements, wind curtailment outcomes showed regulatory interaction effects. Removing only one did not significantly reduce curtailment, but rather the combination of both reforms was necessary to achieve reference level wind integration.
Conclusions

A UC was formulated that captures two important regulatory features – quotas and decentralized dispatch –in electricity system operation in a region of China. This was used to examine the complex situation of wind curtailment and found important regulatory interactions operating differently on cost (objective) vs. non-cost (wind curtailment) outcomes. The tractability of various formulations were shown. These demonstrate the relevance of this approach for research in systems with heterogeneous regulatory environments far from strong ideal types assumed in standard formulations. 
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