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Additionally, the current approval of the United States–Mexico–Canada 
Trade Agreement (USMCA) by the Mexican Senate and the U.S. House of 
Representatives gives certainty to the energy integration of the North 
American continent. Among the main energy-clauses in the USMCA are: 
(1) Zero tariffs in energy products between all three nations; (2) it 
considers any movement of hydrocarbons by pipelines originating from 
the continent as long as any foreign diluent does not constitute more 
than 40% of the good’s volume; (3) U.S. liquefied natural gas exports 
will receive automatic approvals; and (4) the USMCA locks Mexican 
legislation regarding investment and operating restrictions in its energy 
sector (David, 1719). 

This paper aims to analyze the effect of natural gas prices on the 
power systems of Mexico and the U.S. To do so, we construct an inte
grated modeling framework by soft linking five different energy models: 
four techno-economic models of the power and energy sectors — ReEDS 
2.0, GENeSYS-MOD, urbs-MX, and TIMES-MXR-Regional— plus one 
long-term partial equilibrium model of the natural gas market — 
NANGAM. We optimize the power system of both countries under three 
different natural gas price scenarios: Reference (‘Reference’), Low Price 
(‘Low’), and High Price (‘High’). Each model specifies the natural gas 
prices in the ‘Reference’ case and adjusts them for the ‘High’ and ‘Low’ 
scenarios by changing their growth rate according to the price evolution 
of the high and low natural gas supply scenarios of the American Energy 
Outlook (AEO) 2019 (United States Energy Info, 2019c). For each sce
nario, we analyze differences in the structure of the power sector, var
iations in system costs, shifts to the infrastructure of natural gas markets, 
and changes in the emissions of the electric industry. 

Three of the techno-economic models deal with the Mexican energy 
system (urbs-MX, GENeSYS-MOD, TIMES-MXR), one studies the impact 
for the U.S. and Mexico (ReEDS 2.0), and the final one studies the nat
ural gas market outcomes across both nations (NANGAM). Moreover, by 
integrating five different models, we offer a more detailed analysis of the 
effects and reduce the risk of having model-dependent results. 

The effect of natural gas prices on the costs, demand, and structure of 
the power sector depends on several factors, including prices, dis
patchability, availability, and intertemporal efficiency of alternative 
energy carriers. In principle, it is challenging to have a priori assessments 
on these effects as the temporal pathway of these factors is difficult to 
predict. For instance, high natural gas prices could increase the demand 
for carbon-intensive fossil fuels or renewable technologies. The direc
tion of the effect depends on the cross-technological elasticity of sub
stitution across energy carriers that, in turn, depend on all the above 
factors. It is because of this high level of complexity on the interactions 
between natural gas prices and the power system that it becomes 
necessary to perform numeric approximations of the effect that different 
price levels could impose on the electricity sector. 

Conclusions from this study can advise policymakers on the short 
and long term effects of natural gas prices on the power system. We 
structure the rest of the paper as follows. Section 2 provides a short 
literature review of works analyzing the relationship between the nat
ural gas and the power sectors. Section 3 provides a general overview of 
natural gas and electricity markets in Mexico and the U.S. Section 4 
explains the integrated modeling framework used in this study; it starts 
with a short description of the five energy models, followed by the model 
coupling approach and scenario design. Section 5 presents and discusses 
the results of the optimization routine on electricity demand, natural gas 
consumption, natural gas market outcomes, electricity generation mix, 
and CO2-emissions for the three natural gas price scenarios. Finally, 
Section 6 wraps up essential findings and concludes. 

2. Literature on power and gas 

TThe development of natural gas markets and their relationship to 
the power system has produced a significant number of academic papers 
mainly focusing on three essential aspects: the relationship between 
natural gas and electricity infrastructure (Zlotnik et al., 2016; Diagoupis 

et al., 2016; Qiao et al., 2017), the relationship between natural gas 
demand and distribution infrastructure (Touretzky et al., 2016; of En
ergy, 2015b), and the contribution of natural gas electricity generation 
in the transition toward a low-carbon energy system (Mignone et al., 
2017; McJeon et al., 2014; Davis and Shearer, 2014). 

Zlotnik et al. (Zlotnik et al., 2016) formulate some coordination 
scenarios and computational implementations as techniques for 
improving natural gas and power infrastructures optimization. The au
thors conclude that it is imperative to analyze security and efficiency 
feasibility under high-stress conditions in these networks. Likewise, 
Diagoupis et al. (Diagoupis et al., 2016) present a planning approach 
based on Monte Carlo sequential simulations to deal with a failure 
scenario in the supply of natural gas to the electric system. They analyze 
the possible impacts of failures and propose new natural gas storage 
facilities in the United States. Qiao et al. (Qiao et al., 2017) explore 
natural gas system’s operation in the presence of wind-power generation 
uncertainty, arriving at important conclusions regarding the relation
ship between the whole power system and natural gas by anticipating 
the instability of primary inputs in the production of electricity. 

Regarding natural gas infrastructure, Touretzky et al. (Touretzky 
et al., 2016) demonstrate the superiority of a centralized operation 
strategy between the distributed generation of natural gas and the 
electric grid. Nevertheless, they assess that this process could be quite 
challenging without assuming a single entity that owns the distributed 
generation resources. In terms of infrastructure stock, the U.S. Depart
ment of Energy concludes that having a demand expansion for natural 
gas in the power sector will increase the need to develop U.S. interstate 
pipelines (of Energy, 2015b). 

Concerning the relation between natural gas and renewables, 
Mignone et al. (Mignone et al., 2017) analyze the impact of Natural Gas 
Combined Cycle (NGCC) facilities on emissions abatement under sce
narios that vary with the level of carbon prices. The authors find that 
none of the scenarios affect NGCC deployment before 2030. However, 
McJeon et al. (McJeon et al., 2014) show that the abundant use of 
natural gas in substitution of coal does not necessarily reduce CO2 
emissions. According to these authors, there are two counteracting 
forces: a substitution — more production with renewables —- and a 
scale effect – more generation with natural gas. Additionally, Davis and 
Shearer (Davis and Shearer, 2014) refer to this paper and motivate 
further studies evaluating the strategic use of natural gas to complement 
the use of renewable energy technologies. 

This paper contributes to the current literature in several ways. First, 
it is the first article analyzing the effect of natural gas price shifts on the 
structure and costs of the power mix in the U.S. and Mexico. Second, it 
develops insights regarding the impact of these prices on power-sector 
emissions of carbon dioxide. And third, it analyzes the consequences 
of different price structures on the cross-national infrastructure of nat
ural gas between both countries. 

3. Background 

3.1. The U.S. Natural gas market 

Since the 1990s, natural gas production in the U.S. has experienced a 
sudden transformation. Fracking and horizontal drilling technologies 
paved the way to the competitive extraction of unconventional reser
voirs trapped in shale formations by injecting high volumes of water, 
sand, and additional chemicals into the ground. In 2018, U.S. production 
of natural gas reached 101.3 billion cubic feet per day (an 11% increase 
over 2017) (United States Energy Info, 2019d). Fig. 1(a) shows the 
monthly production of natural gas in the U.S. between 2000 and 2019. 
The plot shows the constant and steady increase in production conse
quence of the use of unconventional reserves. For example, between 
2000 and 2017, the extraction of natural gas grew by an astonishing 
39.7% (International Energy Agen, 2008), driven to a great extent by the 
discovery of cheap shale gas in Pennsylvania (Kirschbaum et al., 2012) 
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The research in this paper sustains that a more sensible policy –which 
reconciles energy sovereignty with economic and environmental effi
ciency in Mexico—might rely on an accelerated decarbonization process 
under any scenario of future natural-gas prices in North America. 

6.2. U.S 

The ReEDS 2.0 optimization results for the U.S. mimic several of the 
same trends as Mexico. Overall, the U.S. power matrix relies upon more 
generation technologies than the Mexican counterpart, with most power 
supply coming from natural gas, solar, wind, nuclear, and coal facilities. 
As in Mexico, the high price scenario increases the short-term use of coal 
and long-term use of renewables. Regarding the ‘Low’ scenario, when 
natural gas prices are low, the optimization model shows a consistent 
and significant reduction in the generation of electricity with coal, solar, 
and wind power technologies. 

The short-term increase in the production of electricity with coal for 
the ‘High’ scenario leads to a short term increase in CO2 emissions 
accompanied by a renewable driven long-term decrease. For the ‘Low’ 
scenario, and contrary to Mexico, Emissions in the U.S. are lower than in 
the ‘Reference’ case. This unexpected outcome is a consequence of two 
different effects: substitution and scale. When natural gas prices are 
high, the model reduces electricity production with natural gas power 
plants (scale effect). However, this production is substituted by a higher 
generation in coal facilities (substitution effect). Even though the output 
of renewable energy technologies also increases, their increase is not 
high enough to overcome the impact of higher coal generation. 
Conversely, when natural gas prices are low, the power system uses 
more natural gas (scale effect) and reduces both coal and renewable 
technologies (substitution effect). The higher use of natural gas emits 
more emissions than the reduction in coal production and, thus, the 
‘Low’ scenario pollutes more than the ‘Reference’ case. 

The effect of all three scenarios on the U.S. power sector’s cost 
structure mimics the optimization results for the Mexican power matrix. 
Overall system costs are higher in the ‘High’ scenario, lower for the 
‘Reference’ case, and the lowest for ‘Low’ natural gas prices. These dif
ferences come from higher capital investments in renewable technolo
gies and more expensive generation from fossil fuel facilities in the 
‘High’ scenario. On the contrary, when natural gas prices are low, pro
ducing electricity with fossil fuel facilities is cheaper and more 
competitive than constructing new capital intensive renewable power 
plants. 

The optimization results of NANGAM concerning the natural gas 
sector show reductions in U.S. production of natural gas in the ‘High’ 
scenario across all models and for both nations. Regarding the ‘Low’ 
scenario, the relation goes in the other direction. We can find model 
variation in the sensitivity to different natural gas prices. Overall, ReEDS 
2.0 shows a higher sensitivity in natural gas production due to exoge
nous changes in the price of natural gas. An additional result is the 
Mexican natural gas sector’s ability to cope with demand pressures 
through 2040 when its cost-efficient resources are depleted. Further
more, in the ‘High’ scenario, exports show no inter-scenario variation. 

This study shows the U.S. power matrix composition’s sensitivity to 
changes in natural gas prices. Importantly, higher natural gas prices lead 

to short-term increments in coal generation, while lower prices drive the 
system to a significant reduction in renewable investments. 

Biden’s climate package reverses the Trump administration’s efforts 
to disassemble policies designed to lower emissions while withdrawing 
the U.S. from the Paris climate deal. Biden executive actions will revise 
existing oil and gas leasing drilling on federal land, cease new leases on 
public lands and offshore waters, and eliminate current fossil fuel 
subsidies. 

As this study points out, before entirely removing fossil fuel sub
sidies, the administration should look closely at the inter-temporal 
elasticity of substitution between technologies to reduce the possibil
ity of unwanted short-term price-driven consequences. For instance, 
banning fracking and shale-gas extraction can reduce natural gas supply, 
increasing its price and leading to short-term increments in power 
generation with coal and fuel-oil facilities for both Mexico and the 
United States. 
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Appendix A. Description of the models  

(1) GENeSYS-MOD (Global Energy System Model) is an extended and refined version of the techno-economic OSeMOSYS model (Open-Source 
Energy Modeling System). It includes new functionalities, such as a prolonged power system, the sector coupling of transportation and heating, 
improved trade, enhanced focus on environmental budgets, finer time slices, and the addition of storage technologies. In broad terms, 
GENeSYS-MOD uses a system of linear equations as constraints and inputs to minimize the aggregated cost of the energy system, while securing 
the supply of energy in a specific region. The model works on a block-type framework divided into eleven principal blocks (Objective function, 
cost, storage, capacity adequacy, energy balance, constraints, emissions, transport, heating, renewable targets, and trade). The capacity of 
GENeSYS-MOD to subdivide the energy system into sectors, technologies, and regions, its ability to account for sector coupling, and its high 
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