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Overview
The North American natural gas and power grids are each extensive and largely integrated systems. Recent advances in the ability to produce previously uneconomic natural gas and oil resources has resulted in a complete reversal of their formerly downward trend in production and upward trend in price. As a result, natural gas has begun to erode the market share of coal in the North American power generation fuel mix and this trend is likely to continue on into the future. The substitution of gas for coal in power generation brings with it substantial environmental benefits: reduction of fine particle emissions, SO2, NOx, Mercury and, perhaps even more importantly, CO2. The Obama-era Environmental Protection Agency sought to accelerate reduction in CO2 and other greenhouse gases by decreasing use of all fossil fuels via the Clean Power Plan and other initiatives. With the change in White House administration, however, that initiative has been put on hold. For at least the next few years, we can expect reduced government regulations in the use of both coal and natural gas in the power sector. The obvious question is: will this make any difference? Will this result in more use of coal and/or natural gas than before or will the momentum of existing state-based carbon-reduction plans result in the continuation of the current trends to even lower carbon emissions? To address this question, the authors used a proven methodology combining in a sophisticated way two highly granular industrial-scale models of the natural gas and electric power markets: GPCM and AURORAxmp. The presentation will describe the surprising results.
Methods

The authors undertook a project to integrate two highly-granular industry standard modelling systems in use throughout the North American energy industry: GPCM, a tool designed for modelling natural gas markets, and AURORAxmp, for modelling electric power markets. 
GPCM is a multi-period partial equilibrium model of a competitive natural gas market. By employing approximations to non-linear supply, demand, and transportation functions, the model can be solved using an advanced simplex-based code, specialized for network applications.  GPCM contains an “auto-expansion” capability for identifying those pipeline segments likely to require capacity expansion under the specific conditions of the scenario being run. 
AURORAxmp models the algorithms used by ISO and RTO markets to schedule the most cost-effective power plants to meet power loads while meeting generating and transmission constraints. It also contains logic to evaluate unit economics and make decisions to retire and/or build new capacity at appropriate places in the grid to meet expected future demand and well operational constraints such as reserve margins. In addition, it is able to model regulatory requirements regarding emissions of SO2, NOx, Mercury, and CO2, including likely response to the environmental mandates in the various states and provinces.
Each of the two modelling systems has its own requirements for market knowledge and data, and uses its own proprietary database formats and software. The challenge was to combine the two systems into an integrated gas-power market modelling tool whereby the information requirements of each from the other were handled seamlessly and efficiently to produce a mutually consistent result. 
Used in conjunction, these two systems capture the most important aspects of both markets and their interrelationships and thus provide a more consistent and realistic assessment of future needs as well as enhanced scenario analysis for better market forecasts. More specifically, given the expected growth in electricity demand as forecast by North American Independent System Operators, Regional Transmission Organizations, and governmental agencies, the project team aimed to identify the requirements for natural gas supply and infrastructure to satisfy forecast electricity load, while also meeting expected natural gas demand in other domestic sectors as well as growing North American LNG exports.
Results

In the spring of 2015, the authors conducted a pilot integration of the two modelling systems. Natural gas market price forecasts for each month of 2014-2020 from the GPCM 2014 Q4 base case from RBAC were fed into AURORAxmp. The power market was simulated for each hour of each day of 2014 through 2020. The fuel mix and gas-burn results from this model were fed back to GPCM which then produced a new set of gas market prices for AURORAxmp.This process was continued for eight iterations until it became obvious that the combined system was converging to a limit cycle rather than a single common trajectory. A second approach was attempted which involved using weighted averages of prior results rather than just the most recent results when communicating prices to AURORAxmp and gas-burns to GPCM. This was shown to converge to a single, common solution for the combined models when using an exponential weighting scheme. Furthermore, it was shown that the exponential weighting scheme produced a common solution for two different initial seed values. . The principal finding was that it is indeed feasible to produce a consistent result between these two industry standard models.
The authors continued development of this methodology by using it to compute an integrated gas-power market forecast for two new scenarios over a longer time frame, 2017 to 2035, with and without the EPA’s Clean Power Plan (CPP). They found that the methods employed in the 2015 pilot project worked well for this new study. Preliminary results show that implementation of the CPP will accelerate retirement of coal-fired power plants and increase the market share for renewables. However renewables growth will likely not be sufficient to make up for lost coal-fired generation; gas-fired generation will also need to grow. This will impact both the gas and power markets, increasing competition between gas for power, gas for industry, and gas for exports, resulting in higher gas and power prices and more investment in gas and power infrastructure.
The proposed presentation will contain results from the most recent forecast using this integrated modelling methodology but with assumptions consistent with the more hands-off approach of the current administration’s regulators.
Conclusions

Standalone gas and power market models are not able to capture the complicated inter-action between these two markets. Only an integrated modelling system is able to do that. The authors have demonstrated that it is possible to use complex, highly granular models of the North American gas and power markets to build such an integrated modelling framework. They have obtained excellent results from a prototype integration project. But they also found that successfully combining two highly granular models such as those addressing the gas and power markets requires a sophisticated method for communicating prices and demands between them. Simple-minded solutions just don’t work. Employing this technology, the authors were able to develop credible forecasts of the evolution of the combined North American gas and power markets under a variety of scenarios based on Obama-era EPA regulation. Many environmental commentators have expressed dismay and even outrage at the reduction or elimination of Obama-era carbon-reduction initiatives. Sophisticated modelling of the evolution of the market in the post-CPP era, however, produces results which are likely to surprise even those with quite partisan views.
