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Outline 

 MITEI overview 
 Natural gas study 

 A bridge to the future? 
 What if there were no carbon constraints? 

 Driving the cost of renewables down 
 Solar examples 

 Summary 
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The Perfect Storm 
Supply 

Impacts 

 Energy supply and demand 
 Energy and security 
 Energy and the environment 

Security 

https://secure.metafoundation.org/Merchant2/merchant.mvc?Screen=PROD&Store_Code=META&Product_Code=EOS&Category_Code=DVDVideo
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MITEI Launched in Late 2006 

 Cross-campus initiative 
 Broad … but focused on energy and associated 

environmental challenges 
 energy production, delivery, use, and associated environmental 

linkages 

 Four themes 
 Research 
 Education 
 Campus energy management  
 Outreach 
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MITEI Today 
 Research partnerships and networks with approximately 60 industry and 

public MITEI partners on 4 continents 
 Sponsored research and other support totaling over $300 M 
 89 novel or early stage research projects funded from across MIT 
 The Society of Energy Fellows which includes 139 graduate students its 

first three classes 
 A coordinated set of energy curricula at MIT, including a major focus on 

establishing the first energy minor at the Institute 
 Formal seminar series, numerous lectures and colloquia 
 Four new integrated, multi-disciplinary energy studies on the future of solar 

energy, the future of natural gas, and advanced nuclear fuel cycles, future 
of the electric grid 

 Student research project funding to “green” the MIT campus 
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MITEI Partners 
 
            Founding Members 
         BP Technology Ventures Inc. 
         Eni SpA  
      Shell 
 

 Founding Public  
Members 
Masdar Institute of 
Science and Technology  
 

Sustaining  
Members 
 ABB Research Ltd. 
  Robert Bosch GmbH  
   Chevron USA Inc.  
     Enel Produzione SpA  
       Ferovial 
         Lockheed Martin 
           Saudi Aramco 
              Schlumberger Technology Corp. 
                   Siemens  
                         Total  

                     Weatherford 
                   

      Associate Members 
                   ANH Colombia 
                      Cummins 
                         Denbury Resources, Inc. 
                           EDF 
                              Entergy 
                                Exelon 
                                 b_TEC 
                                  Hess 
                                  Vale 
 

                      Affiliate Members 
                         A MSO Corporation  
                        Angeleno Group LLC  
                       CERA 
                      Fischer Francis Trees & Watts  
                     Globespan Capital Partners  
                   Marilyne G. Breslow  
                 Nth Power, … 

                          Sustaining  
                      Public Members 

                   Portuguese Ministry of Science, Technology  
           and Higher Education  
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MITEI Programs and Activities 

 flagship sponsored research programs and projects 
 an energy research seed fund, which pools $100,000 of 

member contributions to fund novel or early stage energy 
proposals from faculty and senior researchers across the 
MIT campus 

 the Society of Energy Fellows, with 43 graduate energy 
students in this year’s class, 182 total 

MITEI Founding and Sustaining Members support  

All MITEI Partners support a range of outreach 
activities 



8 

MITEI Research Focus Areas 
 Innovations: Improving today’s energy systems 
 Evolving today’s energy systems to higher efficiency, lower cost, less environmental 

impact (nuclear, subsurface, electricity systems, conversion,….) 

 Transformations: Science and technology for a clean energy future 
 Enabling research to underpin critical breakthroughs (solar, storage, biofuels,…) 

 Global Systems: Energy systems for a rapidly developing world 
 Opportunities for new energy development technologies/models (global change, 

buildings and cities, vehicles and transportation systems,…) 

 Tools 
 Basic research for breakthrough concepts (catalysis by design, multi- electron   

transfer,…) and accelerated application of cutting-edge scientific, engineering, and 
analytical tools to energy problems 
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Seed Fund Program 
 Goals 

 Expand the research portfolio 
 Bring new expertise to energy problems 

 Process 
 Broad call to entire MIT faculty 
 In depth engagement of founding and sustaining members in 

review and selection 
 Seed fund symposium / poster session in conjunction with review 

 Results to date 
 89 seed fund proposals funded 
 6 ignition grants – junior faculty 
 $10.7 million in funding 
 Many new faculty – 25-35% in most rounds 
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Education and Campus Activities 
Education Task Force 
Vladimir Bulovic, EECS, co-chair 
Don Lessard, Sloan, co-chair 
 

The Task Force has developed an 
innovative undergraduate minor in 
energy. The minor is accessible to all 
undergraduates at MIT and engages all 
five schools. The minor launched in 
Fall 2009. 
Numerous other educational opportun-
ities being pursued. 

“Walk the Talk” Task Force 
Leon Glicksman, Architecture, 

co-chair 
Theresa Stone, EVP & Treasurer, 

co-chair 
         

The Walk the Talk Task Force provides 
MIT and MITEI with direction and 
opportunities to reduce the energy 
footprint of the campus and for 
transforming the MIT campus into a 
learning laboratory for energy efficiency 
research and education. 
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MITEI Outreach Activities 
 Integrative multi-disciplinary studies: 

MITEI as an “honest broker –  
 Existing Studies on the Future of Nuclear 

Power, Future of Coal, Geothermal 
 New Studies on Future of Solar Energy, 

Future of Natural Gas, Advanced Nuclear 
Fuel Cycles, Future of the Electric Grid,… 

 Public outreach through – 
 Seminars, colloquia, lectures, testimony, 

speeches 
 Newsletters, websites, research spotlights 
 CleanSkiesTV broadcasts of energy 

activities at MIT including Governor Patrick 
on Earth Day and presidential campaign 
debate on energy 
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Recent Multidisciplinary Study 
Reports 

 The Future of Nuclear Power (July 2003, updated in March 2009) 
 http://web.mit.edu/nuclearpower/ 
 http://web.mit.edu/mitei/docs/nuclearpower-update2009.pdf 

 The Future of Geothermal Energy (November 2006) 
 http://www.inl.gov/technicalpublications/Documents/3589644.pdf 

 The Future of Coal (March 2007) 
 http://web.mit.edu/coal/ 

 On The Road in 2035: Reducing Transportation's Petroleum Consumption and 
Greenhouse Gas Emissions (July 2008) 
 http://web.mit.edu/sloan-auto-lab/research/beforeh2/otr2035/ 

 An Action Plan for Cars (December 2009) 
 http://web.mit.edu/mitei/docs/research/actionplan.pdf 

 The Future of the Nuclear Fuel Cycle (April 2011) 
 http://web.mit.edu/newsoffice/2011/nuclear-report-0426.html 

 The Future of Natural Gas Report (June 2011) 
 http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml 

http://web.mit.edu/nuclearpower/
http://web.mit.edu/mitei/docs/nuclearpower-update2009.pdf
http://www.inl.gov/technicalpublications/Documents/3589644.pdf
http://web.mit.edu/coal/
http://web.mit.edu/sloan-auto-lab/research/beforeh2/otr2035/
http://web.mit.edu/mitei/docs/research/actionplan.pdf
http://web.mit.edu/newsoffice/2011/nuclear-report-0426.html
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/naturalgas.html
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Topical Symposia 
 Retro‐Fitting of Coal‐Fired Power Plants for CO2 Emissions Reductions (March 

2009) 
 http://web.mit.edu/mitei/research/reports.html 

 The Electrification of the Transportation System: Issues and Opportunities 
Symposium (April 2010) 
 http://web.mit.edu/mitei/research/reports/transport-electrification.html 

 Critical Elements for New Energy Technologies (April 2010) 
 http://web.mit.edu/miteicomm/web/reports/critical_elements/CritElem_Report_Final.

pdf 
 The Role of Enhanced Oil Recovery in Accelerating the Deployment of Carbon 

Capture and Storage (July 2010) 
 http://web.mit.edu/mitei/research/reports/EOR-CCS.html 

 Managing Large Scale Penetration of Intermittent Renewables (April 2011) 
 The Future of Transportation (Spring 2012) 

http://web.mit.edu/mitei/research/reports.html
http://web.mit.edu/mitei/research/reports/transport-electrification.html
http://web.mit.edu/miteicomm/web/reports/critical_elements/CritElem_Report_Final.pdf
http://web.mit.edu/miteicomm/web/reports/critical_elements/CritElem_Report_Final.pdf
http://web.mit.edu/mitei/research/reports/EOR-CCS.html
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The Future of Natural Gas 

An Interdisciplinary MIT Study 
 
Final Report, June 2011 
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml 

 
 

http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/naturalgas.html
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Natural gas central to energy, 
security, climate debate 

 “Bridge” to a low-carbon future? 
 Shale/unconventional gas resource 

assessments 

15 
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Third in MIT series examining 
energy sources under CO2 

emissions constraints 
  Nuclear Power (2003) and Coal (2007) 
  Integrated analysis, with 2050 horizon 
  International perspective with US focus 
  Interim report 

16 
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Multiple Uncertainties 

 GHG mitigation measures? 

 Technology mix over time? 

 Evolution of international gas markets? 

 Ultimate size/cost of NG resource base? 
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Overarching Conclusions 

 Abundant global resources, expanded use, 
especially electricity 

 Increasing share in US, with key role for 
unconventional resources 

 Larger share with CO2 emissions constraints; but 
with very stringent constraints, role of all fossil 
fuels limited without competitive CCS 

 Global gas markets can change dramatically to 
2050 

18 
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Supply – The Approach  

 Building on existing assessment data 

 Treating resources as an economic concept 

 Recognizing and embracing uncertainty 

19 
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Global Gas Supply Cost Curve 
(Excludes unconventional gas outside North America) 

* Cost curves based on 2007 cost bases. North America cost represent wellhead breakeven costs. All curves for regions outside North America represent breakeven costs at export point. 
Cost curves calculated using 10% real discount rate, ICF Hydrocarbon Supply Model 

** Assumes two 4MMT LNG trains with ~6,000 mile one-way delivery ru, Jensen and Associates  

Tcf of Gas 

Breakeven Gas Price* 
$/MMBtu 
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U.S. Gas Supply Cost Curve 

Tcf of Gas Tcf of Gas 

* Cost curves calculated using 2007 cost bases. U.S. costs represent wellhead breakeven costs. Cost curves calculated assuming 10% real discount rate, ICF Hydrocarbon Supply Model 

Breakeven Gas Price* 
$/MMBtu 

Breakdown of Mean U.S. Supply Curve by Gas Type  
Breakeven Gas Price* 
$/MMBtu 
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System Studies of Gas Futures 

  The economic models (EPPA and USREP) 
 Strengths 
 Limitations 

  Interactions and uncertainties 
 Gas Resources   (High, Mean, Low) 
 Greenhouse gas mitigation  (3 scenarios) 
 Technology cost   (Sensitivity tests) 
 International gas markets  (Regional vs. global) 
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Regional Gas Markets in 2030 (Tcf) 
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Price-based 
mitigation 
  50% by 2050 
  No offsets 

Gas Coal Electric sector 

Gas 

Total energy 
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Regulatory 
mitigation 
  25% RES 2030 
  55% coal retire 

Gas 

Total energy 

Gas 

Electric sector 

Renew 
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Demand 
 Resilience in gas use across sectors 
 Potential major growth areas: 

 Electricity 
 Natural gas substitution for coal 
 Intermittent sources/variability & uncertainty 

 Transportation 
 Long term potential for CNG 
 LNG not currently attractive 
 Natural gas to liquid fuels/oil dependence 
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Peak late  
summer afternoon 

40 hours  

Low demand 
typical spring night 

736 hours  

Coal generation displacement with NGCC 
generation in ERCOT region would: 

 

  reduce CO2 emissions by 22% 
  use an additional 0.36 Tcf of gas/yr 
  reduce criteria pollutants 

 
 
 

Average annual             
dispatch profile 

8760 hours  
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Base case: night time load is 
met by baseload plus wind 
without appreciable gas 

With ½ the wind, NGCC is used to 
meet demand and baseload plants 
generate at full availability 

With twice as much wind, gas 
generation is reduced 
significantly & baseload coal 
plants are forced to cycle 
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What if there is no global CO2 
policy? 

 The natural gas study suggests that the most 
feasible way forward towards a low carbon future 
in the absence of carbon pricing is 
 Increased efficiency 
 Coal to gas switching 
 RD&D for low/zero carbon technologies 

 
 This is the world we will live in for the foreseeable 

future 
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Sustainable Energy Overview 

MIT Solar 
Research  

Eni-MIT 
Solar 

Frontiers 
Center  

Solar 
Revolution 
Program 

(SRP)  

Masdar 
Solar 

Project 

US Gov. 
Solar 

Research 
Projects 

Sustainable Energy 
Revolution Program (SERP)  

Generation Technologies  

Key Enabling Technologies 

Wind Bioenergy 

Geothermal Waves & 
Tidal 

Storage Grid Materials 

Integrated 
studies 

Solar 

The MIT Future of Solar Energy Study 
The MIT Future of the Grid Study 

MIT Energy Initiative 
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(Not to scale!) 

Light Reflected From Hillside 
Heliostat rows to CSPonD System Light Collected Inside Insulated 

Building With Open Window 

Cold Salt 
from HX 

Hot Salt 
to HX 

Lid Heat 
Extraction 

Non-Imaging 
Refractor Lid 

Two Component System 
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Luminescent solar concentrator 
 Structure collects and 

concentrates light onto 
PV cells 

 Simple construction: dye 
in or on waveguide 

 Advantages 
 Static (does not need to track 

sun) 

 Theoretically unlimited 
concentration factor 

 No excess heat incident on 
PVs (pumped at bandgap) 

 

 

glass 

air 

air solar 
     radiation 

dye 

photoluminescence 

PV PV 

Marc Baldo 
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Paper-Thin Photovoltaics 
 Flexible, paper-thin devices result from integrating polymeric 

conducting and semi-conducting thin films with inorganic layers and 
nanomaterials. 

 New chemical vapor deposition (CVD) techniques developed at MIT 
provide the means to fabricate solvent-free polymer thin films at low 
temperatures and with low energy consumption. 

 The scalability of the CVD method allows the creation of prototypes 
over large area and to the irregular surfaces of flexible substrates. 
 
 

oC
VD

 e
le

ct
ro

de
 

1st ever PV on paper 

(K.K. Gleason, V. Bulovic, et al., 2010) 



34 

The substrate is flexible! 
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Photosynthetic 
reaction center

Nanodisc

SWNT

7.5 nm

4 nm

1 nm

8 nm
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Closing Observations 

 Most likely, in the near term we cannot rely on 
carbon policy to mitigate global climate change 

 Instead, we must pursue three coupled thrusts 
 Demand reduction through increased efficiency 
 Coal to gas switching 
 RD&D for low/zero carbon technologies 

 Include enabling technologies, e.g., grid, materials, storage, etc. 

 A broad portfolio and long time horizon are 
important 



37 

Questions? 
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