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Presentation Notes
Thank you, Wil Kohl, for the kind introduction.  It’s a pleasure to be here to continue the exchange of ideas between EIA and SAIS.While discussing the Reference case, complete AEO2014 includes many alternative cases in recognition of the uncertainty inherent in making projectionsFull AEO report will be released in early 2014Uncertainty should be kept in mind when assessing the specifics of the following projections, rather than the general trends.



Overview 
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• National Energy Modeling System (NEMS) Description 

 

• Use of NEMS  

 

• Operation and maintainance of NEMS 

 

• Illustration of model results 
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We try to balance five major objectives in producing the AEO.First, ensure that the AEO addresses areas of interest to stakeholders. This is an EIA product, not OEA.  So we want to make sure the projections include input from all of EIA. The projections include data that EIA reports as historical time series.  We want to make sure that the data reported in the AEO is reasonably consistent with the report EIA historical data.The models need to be regularly reviewed to make sure they are consistent with current thought, policy, and market trends and that they provide unbiased projections.Want to make sure that the models and results are completely documented for use as a reference.



NEMS is a state of the art U.S. energy modeling system 
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• Designed to facilitate analysis of energy policies  
• It is a hybrid energy model that employs operation research and econometric methods 
• A key aspect of the NEMS is its modular structure 
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NEMS includes 4 supply modules, 4 demand modules, 2 conversion modules, a macroeconomic module, and an international energy module.  The macroeconomic module provides baseline economic drivers and an energy price feedback mechanism. This module directly incorporates the proprietary Global Insight, Inc. model of the US economy.  The international module provides supply curves for imported crude oil, petroleum products, and feedstocks and also provides a feedback on world oil prices as U.S. oil production and consumption changes. International trade in natural gas, coal, and electricity is represented in the respective modules. The model successively solves the set of 12 modules to solve for an equilibrium on the price, supply, and demand for each energy product on a regional and sectoral level. Not shown is an emissions module that calculates system-wide carbon dioxide emissions and allows for carbon dioxide limits, taxes, and trading.  A key aspect of the NEMS is its modular structure, which allows for individual modeling methodologies for each energy sector and facilitates model management.  On a practical level, it allows for separate debugging and standalone analysis.  Where appropriate and significant information exists, each sector is represented by a detailed structural model of the market.  Recently, a number of modules have been significantly upgraded to better represent that market segments, add structural/process detail, or to improve software.   The Oil and Gas Module was completely revamped two years ago and this year, county-level drilling decision-making was added to address recent developments in fracking and horizontal drilling.  Over the past few years, 4 new end-use process submodules were added to the industrial demand module, the Liquid Fuels Market Module replaced the Petroleum Market Module adding the representation of biofuels and updating to GAMS software.  We are currently working on including a detailed biomass supply model, POLYSYS, to the Renewables Fuels Module and we are upgrading the Coal Market Module to AIMMS, another mathematical programming language.



        
   

 
 
 
 
 
 
 
NEMS provides projections for the Annual Energy 
Outlook and other special studies 
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• Annual Energy Outlook 2014 features 
a Reference case with 29 side-case 
projections including: 

– Energy consumption by sector, fuel 
type, region 

– Production by fuel and region 
– Energy imports/exports 
– Energy prices 
– Technology trends 
– Carbon dioxide emissions; 

environmental policy indicators 
– Macroeconomic measures and energy 

market drivers 

• Other special studies include: 
– Policy analyses for Congress 
– Policy analyses in support of the 

Administration (Climate Action Report) 
– EIA stand alone analyses 
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The National Energy Modeling System (NEMS) is a regional model of the U.S. energy-economy. NEMS has been used to produce projections that are published in EIA’s Annual Energy Outlook (AEO) and to perform analyses for Executive Branch of the Federal Government and the Congress. Because NEMS is often used to evaluate potential energy policies, the AEO Reference case is based on current laws and regulations, which allows changes in energy policies and regulations to be evaluated when compared to a policy-neutral baseline.NEMS contains significant technology detail so that a number of alternative technologies can be compared and evaluated, including changes to economic parameters to reflect changes induced by policy or programs, or changes induced by technological progress. NEMS includes a representation of a number of the policy levers and regulatory options that allows for the direct analysis of a variety of potential regulations and programs, including emissions reductions policies, efficiency standards, fuel standards, electricity market design, and tax credits. 



NEMS is a technology-rich, economic energy model 
providing both national and regional results 
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• Regional, technology-rich, energy-economy model of the United States 

• Currently solves annually to 2040 for energy-economy equilibrium subject to  
possible constraints (e.g., regulations) guided by economic rationale 

• Represents energy supply, conversion and consumption activities in a unified 
system with energy-economy feedbacks 

• NEMS represents the consumer decision making process (i.e., operational and 
planning activities).  For example, it represents households’ appliance decisions 
in the residential sector, power companies’ capacity planning activities in the 
electric power sector, and car manufacturers’ product line decisions  

• Technology is explicitly represented for energy consumption and production with 
exceptions for the industrial and coal production sectors 

• Explicit technology based on researched attributes:  efficiency, capital cost (and 
associated financial parameters), operation and maintenance cost, capacity 
factors, and commercial availability date 
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As mentioned previously NEMS is a technology rich model of the United States.  It solves annually through 2040 for an energy-economy equilibrium subject to a number of possible constraints (regulations, standards, etc.).  NEMS represents energy, supply, conversion, and consumption activities in a unified system with energy-economy feedbacks.  In doing so, NEMS represents the decision making process (i.e., operational and planning activities) for each sector of the U.S. energy economy.  For example, it represents households’ appliance decisions in the residential sector, power companies’ capacity planning activities in the electric power sector, and car manufacturers’ decisions in the transportation sector.  As part of this decision-making process, it represents technology choice decision making under regulatory constraint guided by economic rational.  The principal design criterion for NEMS was to facilitate the analysis of energy policies, which generated a number of subcriteria we can discuss later if warranted.



NEMS has several important limitations 
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• Maintenance takes substantial effort to stay abreast of energy consumption 
and production developments  

• Unable to provide results beyond the regional level 

• Projections do not fully factor in seasonal and other cyclical changes over time 

• Greatest challenge is projecting energy prices while doing much better on 
consumption and better still on production 

• Energy projections are limited in their making assumptions on an uncertain 
future regarding: 

– Economic growth,  

– Technological change,  

– Consumer behavior,  

– Future regulations,  

– And other factors 
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EIA invests considerable effort to maintain and operate NEMS 

7 

 
• Operations:  The Office of Energy Analysis manages NEMS and its production of results and their 

publication for the Administrator with support from other EIA offices.  Production of the AEO with 
NEMS is about a 14 month process.  EIA can completed special studies using NEMS in much less 
time.  Once modeling cases are specified, case projections typically run overnight on servers 

 
• Review:  NEMS and AEO are routinely considered in a working group process, participation in 

modeling fora (e.g. Energy Modeling Forum), and routine customer feedback.  As NEMS was built, 
EIA conducted a rigorous external peer review  
 

• Resources:  For the full AEO, EIA is using the full-time equivalent (FTE) of 17 staff and $2.5 million 
for extramural support (data, subscriptions, and contractors) summing to about $ 5.6 million.  
Estimate a short version of the report could be done with the equivalent of 10 FTE staff and $2.0 
million in extramural support for a total of $4.0 million  
 

• Data requirements:  EIA updates recent historical data, resource data sets and other relevant energy 
and economic historical statistical data sets 

• Updating assumptions:  Update assumptions related to macroeconomic models, energy technology 
performance and costs for production and consumption, and behavioral aspects of energy 
consumption 

• Transparency:  EIA provides a detailed assumptions report, model documentation, model and result 
archive/dvd, working groups, and responses to inquiries 
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AEO 2014  Illustration 
Energy-related carbon dioxide emissions in three cases, 2005-2040 
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AEO 2014  Illustration 
Energy-related carbon dioxide emissions in five cases, 2000-2040 
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AEO 2013  Illustration 
Net import share of liquid fuels in five cases, 2005-2040 
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For more information 
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U.S. Energy Information Administration home page | www.eia.gov 

Annual Energy Outlook | www.eia.gov/forecasts/aeo 

Short-Term Energy Outlook | www.eia.gov/forecasts/steo 

International Energy Outlook | www.eia.gov/forecasts/ieo 

Today In Energy | www.eia.gov/todayinenergy 

Monthly Energy Review | www.eia.gov/totalenergy/data/monthly 

State Energy Portal | www.eia.gov/state  
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And with that, all that remains is to remind you of some of the many energy information products available from EIA, and to thank you for your kind consideration of EIA’s latest outlookNow I’ll turn back over to our hosts from the School of Advanced International Studies to begin the dialogue.  Wil Kohl?

http://www.eia.gov/
http://www.eia.gov/forecasts/aeo
http://www.eia.gov/forecasts/steo
http://www.eia.gov/forecasts/ieo
http://www.eia.gov/todayinenergy
http://www.eia.gov/totalenergy/data/monthly
http://www.eia.gov/state


What is included (and excluded) in developing EIA’s 
“Reference case” projection? 
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• The Reference case is not a forecast, but a projection  

• Generally assumes current laws and regulations 

• Excludes potential future laws and regulations (e.g., no proposed greenhouse gas legislation) 

• Sunset provisions as specified in law (e.g., renewable production tax credits expire in 2013) 

• Includes technologies that are commercial or reasonably expected to become commercial 
over next decade or so 

• Includes projected technology cost and efficiency improvements, as well as cost reductions 
linked to cumulative deployment levels 

• Does not assume revolutionary or breakthrough technologies 

• It’s a reasonable extension of trends in consumer behavior 

• There are some grey regulatory areas 

• Adds a premium to the cost of financing CO2-intensive technologies to reflect current market 
behavior regarding possible future policies to mitigate greenhouse gas emissions 

• Assumes implementation of existing regulations that enable the building of new energy 
infrastructure and resource extraction 
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EIA’s AEO Reference case is different than many private projections in that we do not attempt to include a “forecast” of policy changes that will affect future energy decisions, prices and quantities.  This is not because we expect that there will be no such policy changes – rather, this approach allows for use of our projections as a baseline evaluating the impact of policy proposals and alternative assumptions. The prevailing assumption of the Reference case is that current laws and regulations continue as written, although there are some grey areas.Likewise, assumptions about technology reflect expectations of trend progress rather than revolutionary breakthroughs.
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Some major NEMS data sources   
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• EIA data collection and reporting systems:  energy consumption 
surveys (residential, commercial, manufacturing), mandated energy 
production data collection (e.g., power plant owners, refineries, coal 
companies, etc.), integrated data systems (Annual Energy Review, 
State Energy Data System). 

• Many other government, private sources:  Transportation Data 
Book (ORNL), Federal Highway Administration, McGraw-Hill 
Construction, Annual Survey of Manufacturers, U.S. Geological 
Survey, Department of Interior, etc.) 

• Diverse sources for technology-related assumptions: U.S. 
Department of Energy research programs, EIA-commissioned 
studies to consulting companies (e.g., SAIC (R.W. Beck) for the 
electric power technologies, Navigant for buildings technologies), 
trade associations, etc.  
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NEMS uses a number of data sources.  Luckily, EIA collects significant amounts of data for the U.S.  EIA data is the primary source of much of the data used in NEMS and the basis of many of the relationships estimated.  In addition, the U.S. is lucky to have detailed energy end-use surveys.  Few other countries do. Besides Federally collected data, regulatory data for some industries that is available to the public is another source of information for some NEMS components.  For example, electric and natural gas utilities are two industries where significant operating and financial data are available.  EIA supplements the data it collects and other regulatory data with data collected by other Federal and State collected energy data.  Where data doesn’t exist, but is of significant commercial interest, EIA contracts with industry experts to collect technology data.  We have found that it is extremely important to make sure that when performing technology updates in a specific sector that all technologies are considered at the same time and the same assumptions and definitions are used for each of the technologies. 



NEMS regionality 
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• NEMS primary regional structure is based the nine Census 
divisions (map below) 

•  Supply and conversion operate at other regional levels.  
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Many of the NEMS modules are based on the nine U.S. Census divisions.  This is mainly a derivation of how the end use data is collected.  However, the overriding regional design criterion that was used to develop NEMS indicated that the regional definition for each module should be guided by the analytic needs and the need to group similar consumer behavioral characteristics. We would hope that insight gained by modeling and analysis would drive the efforts for new data collection; however, that is not always been the case. The supply and conversion modules often use different regional definitions.  As a consequence, mapping matrices are used to convert from one regional definition to another.  The data for the supply and conversion modules are often more detailed as they have significantly more geographic information available to them.  Also, there are significant rationales for grouping data differently than along census region boundaries.  Often, regulatory, geographic, or weather related differences drive consumer behavior.



Key AEO publications vary in coverage and purpose 
• Annual Energy Outlook Full Report (e.g. AEO2014) 

– Detailed summary of entire AEO, including reference case and alternative 
cases.  Major source of distribution is through web, but limited number of 
printed copies made for distribution to Congress and others.  One of only two 
printed EIA publications. 

– Major sections: 
• Executive Summary:  Concise summary of key points from projection 
• Legislation and Regulations:  Discussion of policy changes newly 

incorporated in current AEO and/or major new proposed policies 
• Issues in Focus:  Discussion of selected energy market issues using side 

cases that the projection results could be sensitive to 
• Market Trends:  Column summary of projection by area (macro, 

international energy, end use, etc.)  
• Comparisons with Other Projections:  Brief comparison of AEO reference 

case to other contemporary projections 
• Tables:  Tables summarizing reference, economic growth, price, and other 

alternative cases 
• Appendix E:  Brief NEMS overview and definition of alternative cases 
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Key AEO products vary in coverage and purpose (continued) 
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• Early Release Overview 
‒ Short summary of Reference case with comparison to previous Reference case released as part of early 

release at press conference.  Distributed via web 
• Assumption to Annual Energy Outlook 

– Detailed summary of key assumptions used in each module of the National Energy Modeling System.  
Distributed via web 

• Documentation of NEMS Modules 
– Individual report completed for each of the 13 NEMS modules summarizing methodology and any changes 

made for the particular AEO.  Posted to web, no hardcopies made.  Record of model changes  
• Annual Energy Outlook Brochure 

– Simple tri-fold summary of the AEO Reference case used as part of early release to press.  Made in 
house.  Updated for final reference case and about 1,000 copies are printed for distribution at conference 
presentations, etc. 

• NEMS Overview 
– Brief summary of NEMS model including all modules in about 35 pages.  Typically, updated once every 3 

to 5 years, but current version has not been updated since 2003.  Used as short summary of model 
format.  Posted to web 

• AEO Retrospective Review 
– Short analysis comparing realized energy outcomes and projections included in previous editions of the 

AEO.  Examines the absolute value of the percentage difference between the reference case projection 
and the actual value for selected data items. Posted to web 

• Supplemental Tables 
– Expanded set of AEO tables including more detail and regional tables.  Posted to web in table browser 

• Previously Featured Articles from AEO 
– Complete list of previously published articles in the AEO Legislation and Regulation and Issues In Focus 

sections of the AEO.  Posted to web 
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Typical production calendar for full AEO report  
• Meet with Administrator/Deputy Administrator on scope and format (April to May) 
• Update NEMS modules (April to September) 
• Derive world oil price assumptions using international models (March to June) 
• Complete, review, and finalize macroeconomic projection (May to September) 
• Develop AEO Reference case runs (June to October) 
• Hold working group meetings with internal and external parties on assumptions 

(July) and preliminary AEO reference case results (August to September) 
• Provide briefings to Administrator/Deputy Administrator on selected issues and 

preliminary AEO reference case (September to October) 
• Develop AEO Alternative Cases (October to December) 
• Provide AEO Reference case briefing to Secretary (late November) 
• Publish Early Release AEO reference case press conference (early December) 
• Complete AEO report text and other materials for publication (December to April) 
• Release web version of AEO (April) 
• Release hardcopy version of AEO (April to May) 
• Complete AEO assumption report (April to May) 
• Complete NEMS documentation (May to August)  
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NEMS transparency 

19 

• Transparency is an essential component of government energy 
models.  Two characteristics that often drive transparency are 
availability and usability 

• NEMS is available and used by DOE Labs, a few universities, a few 
nongovernmental organizations, and some private companies (often 
on behalf of trade associations) 

• Detailed model documentation is available on the EIA web site (to 
meet EIA model documentation standards) 

• Single-Run "archive" of NEMS available for each AEO and 
published study (also required by EIA archival standard) 

• However, usability is not as easily achieved   
– NEMS is rather difficult to operate and requires substantial resources to use 

effectively 
– NEMS uses a number of proprietary software packages whose cost put it out of 

reach for the casual user 
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It is essential that government energy models be transparent.  With transparency comes credibility.  Once a model is deemed credible, stakeholders often begin to accept the analytic results more willingly.Two characteristics that often drive transparency are availability and usability of the model.  NEMS is available and used by DOE Labs, a few universities, a few nongovernmental organizations, and some private companies (often on behalf of trade associations).  The list is fairly short, but somewhat noted in the energy domain.  NEMS is used to produce a number of energy analyses and when people question the results, sometimes done by others, EIA is able to understand and explain the key factors driving the results.  Another aspect fostering transparency is model documentation and archival.  A key to model documentation is readability.  Although, we strive for readable model documentation it is often difficult to achieve.  However, we continue to our efforts to make the NEMS documentation readable by another modeler. Transparency is often aided by usability.  Here, I don’t think we have been as successful as we would like.  NEMS is still rather difficult to use and requires substantial resources to use effectively.  In addition, NEMS utilizes some proprietary software for a number of applications whose cost could be considered significant to all but fairly large institutions.Some proprietary software and data needed:  OML (~$4K/pc), Global Insight Macro Model and Eviews (~$7K/site), Xpress Solver,  GAMS (~$3K/license w/o solver), McGraw-Hill data license (~$3K), Intel Fortran ($1.6K)



Primary energy use by end-use sector in selected years in the Reference case, 
2012-2040 
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Primary energy use by fuel in the Reference case, 1980-2040 
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Nonhydropower renewable electricity generation in eight cases, 2005-2040 
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U.S. carbon dioxide emissions in the transportation sector in three cases, 
1995-2040 
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Carbon dioxide emissions in the electric power sector in two cases, 
2012-2040 
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Electric power sector carbon dioxide emissions in four cases, 2012-2040 
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Total U.S. crude oil production in three cases, 1990-2040 
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Net import share of U.S. petroleum and other liquids consumption in three 
cases, 1990-2040 
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