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Overview
[bookmark: _GoBack]As emissions reductions are desired in end-use sectors –commercial/residential technologies and light- and heavy-duty vehicles – the corresponding changes in fuel use and technologies can lead to shifts in the upstream production processes. These “upstream” emissions can be associated with changes in fuel production, transport and distribution, and/or changes in the manufacturing of technologies. Many of these upstream emissions changes occur in the industrial sector, where there can be shifts in both the demands for manufactured goods as well as technological change in how those goodgoods are produced. Capturing and capturing both demand these types of changes and technological change within the industrial sector is challenging. One example of potential upstream energy and emissions changes due to end-use energy technologies is that of vehicle mass reduction (VMR) for light-duty vehicles. Automobile manufacturers are using VMR (also called “lightweighting”) of light duty vehicles as one of many strategies to improve fuel economy and therefore reduce greenhouse gas (GHG) emissions. As manufacturers shift toward materials such aslike higher strength steel, aluminum alloys, magnesium alloys and composite materials such as carbon fiber reinforced plastics, there may be shifts in the relative demand for these materials as well as changes in their production processes, efficiency, and location can occur. These changes will affect the emissions associated with these upstream sectors as welland have implications on the material supply chains. Beyond the changes in air emissions, there may also be broader environmental impacts (water, material management) due to shifts in both energy (electricity and fuel) use as well as resource consumption for materials production. are also possible. This paper explores the extent of the impact of uncertainties in upstream process emissions in the USU.S. energy sector through future scenario planning methodology with different trajectories of energy infrastructure development and system operations, and varying social paradigms. 
Methods
Recent research on air quality studies indicate that social paradigims and technological advancements are two primary drivers of  change, especially in the energy sector (Brown et al., 2018, Gamas et al., 2015 and Moss et al., 2010). We constructconstructed a scenario planning methodology to be implemented in the U.S. Environmental Protection Agency’s (EPA’s) MARKet ALlocation (MARKAL) energy systems optimization model linked with a dynamic economic Input-Output (I/O) model. Our goal is to understand the potential upstream emissions impacts of large shifts in material supply (e.g., aluminum, steel, plastics) for light duty vehicle production aton a regional scale. The analysis is designed to answer the following questions:
· What changes in material flows are required for end-use design changes to improve energy efficiency, and how significant could those shifts in material flows be in the future?
· How might thatchanges lead to industrial demand shifts for manufactured goods produced domestically? 	Comment by Nessley, Libby: What does “that” refer to?
· How might manufacturing processes change, as well as the broader energy system inputs?
· How sensitive are the results to various import and export outlooks?
· At an aggregate level, how does thatdo changes affect energy use and overall emissions?	Comment by Nessley, Libby: Again, what does “that” refer to?
· How can this modeling inform our understanding of upstream emissions changes and life cycle impacts of energy efficiency improvements? 
EPA’s Office of Research and Development has developed and been maintainingmaintains a technology rich database (EPAUS9r) for U.S. energy systemsystems at a regional scale to be utilized in the MARKAL framework (Lenox et al., 2013). MARKAL is),  a bottom-up technology rich linear optimization model. The model finds the least cost solution that meets end-use demands given the constraints on resources, emissions, etc. Sectors considered in the energy system are residential, commercial, transportation, industrial, and electricity generation. The EPAUS9r database includes technologies to represent the U.S. energy system from encompasing resource extraction, process and conversion technologies to convert resources into useful energy, and to end-use technologies for meeting energy demands. Outputs include energy (fuel) and technologies used to meet end-use demands, as well as air pollutants emissions emited fromor use offor fuels, and energy technologies. 
Recently, Brown et al. (2018) presentspresented an updated metholodology based on Gamas et al. (2015) work to design and implement four future energy scenanriossceanrios in the MARKAL framework. The scenarios outline plausible social perceptions and technical advancements that may occur in the future. Scenario planning is not a forecasting tool. Scenario planning enables interested parties to use an integrated approach to model complex issues. The four energy futures are defined as follows: (1) The Conservation case defines a future where the society is committed to minimizing environmental impacts of energy generation and use. However, technological advances are limited to energy efficiency improvements and conservation measures due to economic constraints and slow pace of innovations in new technology, (2) The iSustainability case defines a future where society is committed to minimizing the environmental impacts of the energy sector operation, and rapid technological innovations provide pathways to reduce environmental impacts of the energy sector, (3) The Go Our Own wayWay case defines a future where the social paradigms are indifferent to environmental quality but technology advances rapidly due to other drivers such as the need for energy security and independence, and (4) The Muddling Through case defines a future where the the society does not prioritize environmental quality and technological advances are stagnant. In addition, a reference case is included in the analysis that corresponds to the data currently in the 2016 EPAUS9r Database.	Comment by Brown, Kristen: Is this a fifth case? Otherwise maybe, “The data underlying the scenarios is based on the 2016 EPAUS9r Database.”	Comment by Ozge Kaplan: Yes.
In MARKAL, the demand for industrial energy and fuels in each industry is directly related to the value and energy intensity of shipments. The industrial sector changes can be driven by availability of fuels and electricity, structural change in how the products are made, and demand for products.  Because the demands for goods and services are represented exogenously in MARKAL, it is important to characterize these exogenous inputs appropriately. We constructconstructed a dynamic economic I/O model of the U.S. economy that drives changes in industrial demands. Linking an I/O model with MARKAL facilitates analysis of changes in end-use technological progress and consumer preferences in a systematic manner. The I/O model enables users to change input requirements for different economic sectors to simulate impacts of structural changes in the full economy. A user can input changes in demands for specific goods or services. The table thenservices which redistributes the demand for all sectors, and provides quantities of total output by sector as well as consumption or final demand by sector. This work relies on a Social Accounting Matrix generated for the U.S. economy by the Bureau of Economic Analysis (BEA, 2017).)	Comment by Brown, Kristen: Choose one of these additions and delete the other	Comment by Ozge Kaplan [2]: done
A VMR analysis is performed using this integrated modeling framework in conjunction with a scenario planning method. The analysis is aimed at estimating the potential magnitude of upstream changes. As a bounding scenario, a hypothetical shift to full fleet -wide mass reduction is modeled based on analysis by Hottle et al. (2017). A typical vehicle mass and material composition is used for model year 2015 cars and trucks. Then, starting in 2025, a full shift to lightweight cars and trucks is used, based on multi-material lightweight designs. The mass reduction differences (less steel, more aluminum and plastics) are applied to the raw materials as they move through the sectors and eventually end up in vehicles. The full I/O matrix for all sectors then rebalances, also capturing indirect impacts on the full economy. The I/O model provides change in demand for all industrial sectors in MARKAL. In our analysis, vehicles are assumed to meet Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel Economy Standards. These new industrial demands are then run in the MARKAL model, allowing the industrial sector to readjust processes and energy inputs in order to meet the changing demands. 
Results 
The results show significant demand increase for aluminum in the East North Central Census Division covering WI, MI, IL, IN, OHWisconsin, Michigan, Illinois, Indiana, and Ohio followed by the West South Central Census Division covering Texas, Oklahoma, Louisiana, and Arkansas. As demand for aluminum increases, the demand for total purchased electricity for the metals industry increases in both regions. The majority of the aluminum production in the U.S. is in the form of secondary aluminum production. The re-processing of recycled aluminum is highly electricity intense.intensive so as the demand for aluminium increases, the demand for total purchased electricity for the metals industry also increases in both regions. While there are increased CO2 emissions in the utility sector due to increased electricity demand from the metals industry, the changes are small relative to the total emissions. Most of the increased electricityincrease demand is satisfied by natural gas combined cycle units, which are highly efficient, in the reference scenario. On the air quality side, there is a decrease in NOX emissions from the industrial sector (as total industrial sector fuel use declines due to switching to electricity) while there is almost no change in NOX from EGUs.electric sector. Similarly, decreases in industrial PM10 emissions can be attributed to decreases in total metallurgical coal use in the industrial sector. Depending on the analyzed energy future, the grid fuel mix influences the overall emissions. 	Comment by Brown, Kristen: I’m not 100% clear on this sentence. Is this what you’re trying to say?	Comment by Ozge Kaplan: reworded	Comment by Brown, Kristen: So lifecycle emissions may go up or down with VMR depending on scenario? If there’s room that might be a good final sentence.	Comment by Ozge Kaplan: Removed the reference to LCA
Conclusions 
In summary, a VMR analysis is able to capturecaptures changes in both GHG emissions and air emissions that vary by region, pollutant, and sector across future energy scenarios. Our analysis will then be extended for detailed regional life-cycle analysis to incorporate impacts. There is a gap in how industrial and manufacturing changes can behave been assessed given the need to achieve end-use efficiency improvements. This linked modeling framework can help address this gap. 
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