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Current Events (11/25/2015)
• (11/10) IEA Releases World Energy Outlook 2015 (http://www.worldenergyoutlook.org)
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Big questions abound in global energy in 2015 

— Could oil prices stay lower for longer? What would it take for this to
happen and what it would mean for energy security and for the energy
transition?  

— India is set for a period of rapid, sustained growth in energy demand:
how could this re-shape the energy scene?

— What do new climate pledges mean for the way that the world meets its
rising needs for energy?

— What are the implications of the rising coverage of energy efficiency
policies and the growing competitiveness of renewables?

— Is the unconventional gas revolution going to go global, or to remain a
North American phenomenon?

These issues – and many more – are discussed here, with a special focus
on India accompanying the customary, in-depth WEO analysis of the
prospects for all fossil fuels, renewables, the power sector and energy
efficiency around the world to 2040.

Further details and the free download of the Executive Summary may be
found on the detailed WEO-2015 page.

Upcoming WEO Events

Energy Business Council

Upcoming Events

10 November: WEO 2015 launch
| London

11th November: World Energy
Council Deutschland
Presentation to the
Bundesministerium für
Wirtschaft und Energy | Berlin

11th November: Ministry of
Economic Affairs Clingendael
International Energy Program |
The Hague

12th November: Friends of
Europe | Brussels

19th & 20th November: Atlantic
Council | Istanbul

All upcoming WEO events

The IEA Energy
Business Council is
an executive-level
group, with members

from a wide variety of companies
involved in energy exploration,
production and consumption, ranging
from commodities companies to
automobile manufacturers to wind and
solar producers and industry
associations. Click here to visit the
Energy Business Council website.

Read more about Interactions with
Industry

Contact the EBC

Publications > World Energy Outlook

World Energy Outlook

World Energy Outlook 2015
Presentation

Energy and Climate Change
Presentation Video

World Energy Outlook 2014
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From: Columbia University's Center on Global Energy Policy energypolicy@columbia.edu
Subject: Event Invitation Reminder: IEA's World Energy Outlook 2015 

Date: November 23, 2015 at 12:39 PM
To: mem4@columbia.edu

Event Invitation Reminder: IEA World Energy Outlook 2015, featuring Dr. Fatih
Birol, Executive Director, IEA (12/1)

Is this email not displaying correctly?
View it in your browser.

IEA World Energy Outlook 2015
 

Tuesday, December 1, 2015
9:00 am to 10:30 am 
International Affairs Building, Room 1501
420 West 118th Street
New York, NY 10027 

RSVP Here

Please join the Center on Global Energy Policy for a presentation and discussion of the
International Energy Agency's (IEA) World Energy Outlook 2015 featuring Dr. Fatih Birol,
Executive Director, IEA. 

The World Energy Outlook 2015 (to be released November 10) presents updated

From: CSIS Energy and National Security Program energy@csis.org
Subject: CSIS Invitation | IEA's World Energy Outlook 2015 | 11/30

Date: November 24, 2015 at 10:05 AM
To: mauel@columbia.edu

To ensure receipt of our email, please add us to your address book.

 

International Energy Agency's

World Energy Outlook 2015
featuring

Dr. Fatih Birol
Executive Director, International Energy Agency (IEA)

Moderated by:
Sarah Ladislaw

Director and Senior Fellow, Energy and National Security Program, CSIS

1:00 PM - 2:30 PM
Monday, November 30, 2015
2nd Floor Conference Room

1616 Rhode Island Avenue NW

The CSIS Energy and National Security Program is pleased to host Dr. Fatih Birol, Executive
Director at the International Energy Agency to present the IEA's World Energy Outlook 2015. The
presentation will include updated projections for the evolution of the global energy system to 2040,
based on the latest data and market developments, as well as detailed insights on the prospects for
fossil fuels, renewables, the power sector and energy efficiency and analysis on trends in CO2
emissions and fossil-fuel and renewable energy subsidies. 

In addition, the WEO 2015 includes in-depth analysis on several key issues including the
implications of a lower oil price future, India’s energy sector, on the competitive position of fast-
growing renewable energy technologies in different markets, new analysis of energy efficiency
policies, and unconventional gas with a particular focus on China. We hope you will be able to join
us for this important event.     

Registration required to attend.
Please email your registration to energy@csis.org by COB Friday, November 27

Follow @CSISEnergy #CSISLive 
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WORLD ENERGY OUTLOOK 2015 FACTSHEET 
Global energy trends to 2040 

X World energy demand grows in all WEO scenarios, but government policies play a powerful role in 
dictating the pace of the growth and the degree to which greenhouse-gas emissions follow the same path. 
In the New Policies Scenario (the central scenario), energy demand grows by nearly one-third between 2013 
and 2040, with all of the net growth coming from non-OECD countries and OECD demand ending 3% lower. 
The links between global economic growth, energy demand and energy-related emissions weaken: some 
markets (such as China) undergo structural change in their economies, others reach a saturation point in 
demand for energy services, and all adopt more energy efficient technologies. As the largest source of global 
GHG emissions, the energy sector must be central to efforts to tackle climate change but, despite signs that 
a low-carbon transition is underway, energy-related CO2 emissions are projected to be 16% higher by 2040. 

X The single largest energy demand growth story of recent decades is near its end; coal use in China reaches 
a plateau, close to today’s levels, as the country’s economy rebalances and industrial coal demand falls. 
The largest oil consumer – the United States – experiences one of the world’s largest reductions in demand 
from 2013 to 2040 (along with the European Union), declining by around 4 million barrels per day (mb/d), 
and returning to levels last observed in the 1960s. Broad-based growth in global natural gas demand 
(up 47%) is led by China and the Middle East. By 2040, oil and coal collectively relinquish 9% of the global 
energy mix, with renewables growing by five percentage points and gas and nuclear each growing by two. 

X The world’s appetite for electricity lifts demand by more than 70% by 2040, and there is a concerted 
effort to reduce the environmental consequences of power generation. Renewables overtake coal as the 
largest source of electricity by the early-2030s and account for more than half of all growth over the period 
to 2040. Renewables-based generation reaches 50% in the European Union by 2040, around 30% in China 
and Japan, and above 25% in the United States and India. Coal’s share of total electricity generation drops to 
30% in 2040, and the output from inefficient sub-critical plants declines by 45%. Around 550 million people 
in the world remain without any access to electricity in 2040 – the majority of them in sub-Saharan Africa. 

X The oil market is in unfamiliar territory: facing a well-supplied market and lower prices, producers have 
cut operating costs and investment plans. The absence of an OPEC production cut in response to lower oil 
prices shifted the onus of finding demand-supply equilibrium onto the broader market. In the New Policies 
Scenario, oil production grows by 12% from 2014, to over 100 mb/d in 2040, led by non-OPEC countries 
initially (to around 2020) and OPEC later on. Coal supply grew faster than any other major fuel in the last 
decade, but is the slowest-growing fuel in the decades to come, with global production increasing by around 
10% by 2040. Lower natural gas prices are making it more challenging for those planning long-term 
investments in new capital-intensive projects. However, world natural gas production is not derailed in the 
longer term, and reaches nearly 5.2 trillion cubic metres (tcm) by 2040.  

X Energy trade relationships continue to be rewritten, with Asia the final destination for 80% of regionally 
traded coal, 75% of oil and 60% of natural gas in 2040. China becomes the world’s largest oil importer 
before 2020 and India the second-largest oil importer around 2035. Middle East oil exports accelerate 
after 2020 and natural gas exports rebound after 2025. North American natural gas exports are around 
85 billion cubic metres (bcm) by 2025 and the region is self-sufficient in oil by the mid-2020s. Natural gas 
imports into the European Union grow by 30%, but sources of supply also diversify. 

X World energy sector investment totals $68 trillion from 2015 to 2040, of which 37% is in oil and gas 
supply, 29% in power supply and 32% in end-use efficiency. Of the power generation capacity investment 
in the New Policies Scenario, more than 60% goes to renewables, led by China, the European Union, the 
United States and India. While often less prominently discussed, energy efficiency investment (led by 
transport and the buildings sectors) is no less important in scale than other parts of the energy system. 

X Fossil-fuel subsidies were around $490 billion in 2014, but would have been $610 billion without reforms 
that have been enacted since 2009. Recent changes prove that fossil-fuel subsidy reform is possible: low oil 
prices give net importers the room to reform, and reinforce the need for exporters to do so. 
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Current Events (11/25/2015)
• (11/10) IEA Releases World Energy Outlook 2015 (http://www.worldenergyoutlook.org)


• (11/23) Moroccan Solar Thermal Plant to open next month (150 MW peak/9.7 sq miles) 
(http://www.bbc.com/news/science-environment-34883224)
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http://www.worldbank.org/projects/P131256?lang=en

Morocco is poised to make history soon — when the first phase of 
one of the world’s largest concentrated solar power plants starts 
generating electricity. When fully operational, it will produce enough 
energy for more than one million Moroccans, with possibly extra 
power to export to Europe. ($2.2B at 500 MW peak in 2020)
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Current Events (11/25/2015)
• (11/10) IEA Releases World Energy Outlook 2015 (http://www.worldenergyoutlook.org)


• (11/23) Moroccan Solar Thermal Plant to open next month (150 MW peak/9.7 sq miles) 
(http://www.bbc.com/news/science-environment-34883224)


• (11/23) Nature-News: Climate optimism builds ahead of Paris talks: Emission pledges 
raise hopes for an international treaty. (http://www.nature.com/news/climate-optimism-
builds-ahead-of-paris-talks-1.18863)


• (11/20) Hill: “Republicans vow to deny  
Obama climate funds to derail Paris talks"  
 
(11/23) Hill: “GOP wants to block $3B  
global climate aid"

Talks begin Monday (11/30) 
Agreement signed (12/11)?
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Innovation Teams
Clever 

NanoTech
Smart 

Infrastructure
Good 

Data-Info
Advanced 
Nuclear

CCS

Seth Olsen Omar Mahmood Joshua Cohen Sean Ballinger Richard Cresswell

Jonathan Fletcher 
Tyler Cowan Lucas Zeppetello Farrah Simpson

Aton Baleato-
Lizancos

Kevin Murphy Drew Feldman Jason Williams Michael Wang Lauren Riddiford

Chen Zhang Derek Tropf Ben Israeli James Page

Alex Battery Yumou Wei

Edwin Vargas
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Clever Nano-Tech

 

*Projects have been selected for negotiation of awards; final award amounts may vary. 

  

New High Temperature, Corrosion-Resistant Cast Alloy For Operation 
in Industrial Gaseous Environments 
 

Oak Ridge National Laboratory | Oak Ridge, TN | $3,900,000 
 

Researchers at Oak Ridge National Laboratory will develop new cast alumina-forming alloys 
(AFAs), along with associated casting and welding processes for component fabrication. These 
innovations would allow various industrial and chemical processing systems and gas turbines to 
operate at higher temperatures, to improve efficiencies, and to reduce downtimes, thus 
providing cost and energy reductions for a wide range of energy-intensive applications. 
 
High Speed Diode and Rectenna for Waste Heat to Electricity 
Harvesting 
 

RedWave Energy, Inc. | Glen Ellyn, IL | $3,381,448 
 

RedWave Energy, Inc. will develop a rectenna-based device that can convert waste heat to 
electricity. The technology will incorporate special metamaterial structures, multiple nano-
antennas, compensation circuit structures, and proprietary rectifiers. The proposed device will 
be demonstrated in large-area arrays, fabricated using nanoimprint lithography, thus enabling 
cost-effective roll-to-roll fabrication. 
 
High Efficiency Wafer-Scale Thermionic Energy Converters 
 

Stanford University | Stanford, CA | $3,636,000 
 

The team led by Stanford University will develop an efficient thermionic energy converter that 
can be manufactured via advanced microfabrication processes. These devices could enable 
direct heat to electricity conversion at scalable system sizes and a levelized cost not accessible 
by current technologies. The team’s design could yield drastic improvements in the efficiency of 
thermal energy conversion for combined heat and power for residential use, as well as 
distributed solar thermal power, and heat scavenging. 
 
Reactor Engine 
 

Gas Technology Institute | Des Plaines, IL | $3,000,000 
 

Gas Technology Institute will modify an internal combustion engine for efficient distributed 
chemical production by installing an oxydehydrogenation catalyst into the combustion chamber.  
The engine reactor platform takes advantage of mass production for economic advantage and 
therefore offers a unique alternative to conventional, one-off chemical reactors that achieve 
economy by their massive scale. The high pressure/temperature regime of reactants within the 
engine chamber could easily be used for many types of chemical reactions and produce 
products at higher rates than the current state-of-the-art. 
 
 

 

*Projects have been selected for negotiation of awards; final award amounts may vary. 

  

50 MW Segmented Ultralight Morphing Rotors for Wind Energy 
 

University of Virginia | Charlottesville, VA | $3,569,580 
 

The team led by the University of Virginia will design a 50 Megawatt (MW) wind turbine featuring 
downwind morphing to reduce blade loads and allow ultralight segmented blades. They will also 
build and field test an aeroelastically-scaled version to demonstrate this novel technology. The 
50 MW turbine design could enable a 10x increase in power compared to today’s largest 
production turbines. The 200-meter long blades can be fabricated in five to seven segments, 
and assembled at the point of use. The hurricane-resistant design can enable low-cost, off-
shore wind energy for the United States. 
 
Ultrahigh Efficiency Photovoltaics at Ultralow Costs 
 

National Renewable Energy Laboratory | Golden, CO | $5,160,000 
  

Researchers at National Renewable Energy Laboratory will develop an HVPE (hydride vapor 
phase epitaxy) deposition process for producing high quality, photovoltaic cells with the potential 
to achieve up to a 30% efficiency target. This manufacturing technology has the potential to be 
an order of magnitude lower cost than current state-of-the-art technologies, thus enabling larger 
scale deployment of efficient solar cells. 
 
Tidal Power:  Deployment and Retrieval System for Cross-flow 
Hydrokinetic Turbines 
 

Ocean Renewable Power Company | Portland, ME | $2,248,223 
 

Ocean Renewable Power Company (ORPC) will develop an innovative deployment and 
retrieval capability that will significantly reduce costs for cross-flow design marine hydrokinetic 
systems, in which a turbine generates power from tides and/or rivers. The turbine blades will 
employ active pitch control to allow for thrust generation in deployment/retrieval mode and 
higher efficiency in power generation mode. If successful, this project could reduce the cost of 
the installation process in which ORPC’s turbine could be placed in the water near shore, self-
propel to the deployment location, and hold itself in place on the seafloor through redirected 
downward thrust. 
 
Efficient Knock Suppression in Spark Ignited Engines 
 

Cummins Corporate Research & Technology | Columbus, IN | $2,073,235 
 

Cummins will develop a natural gas-fueled internal combustion engine for distributed electricity 
generation with the goal of achieving 55% brake thermal efficiency while maintaining low 
emissions. By using wet compression, the team expects to enable significant knock suppression 
in spark ignited engines that could lead to further efficiency improvements, for example, by 
allowing very high compression ratios. In the future, these engines may utilize other alternative, 
low-carbon fuels being developed for grid scale energy generation and storage.   
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Smart Infrastructure

 

*Projects have been selected for negotiation of awards; final award amounts may vary. 

  

A Smart and Flexible Microgrid with a Low-cost Scalable Open-source 
Controller 
 

University of Tennessee, Knoxville | Knoxville, TN | $2,400,000 
 

The University of Tennessee, Knoxville will develop open source microgrid (MG) controller to 
accommodate dynamic changes in MG boundaries based on the current status of power 
availability and thereby dynamic topology management at the grid distribution level. A universal, 
open source, flexible MG controller would significantly improve the efficient use of MGs and  
decrease their management costs. 
 
Distribution System Operator Simulation Studio 
 

ProsumerGrid, Inc. | Atlanta, GA | $3,000,000 
 

ProsumerGrid, Inc. will develop a highly specialized and interactive software tool capable of 
simulating the operation of emerging Distribution System Operators (DSOs). The software will 
utilize powerful, decentralized optimization and decision-making algorithms that would allow grid 
managers and market actors to evaluate the effect of new distributed energy resources (DER), 
market rules, and business processes at the distribution system level and beyond. The team’s 
software will enable the development of DER scheduling logic, DSO market rules, and energy 
service transactions. 
 
Resilient Information Architecture Platform for the Smart Grid 
 

Vanderbilt University | Nashville, TN | $3,500,000 
 

Vanderbilt University will develop an open-source standard platform that could simplify the 
development and deployment of Smart Grid software applications by facilitating integration, 
interoperability, common system services, as well as model-based design tools. Their platform 
could allow Smart Grid embedded software to move from hard-coded functionality to plug-and-
play architecture. This provides the technological underpinning for resilient distributed software 
apps for improved and effective energy management. 
 
Coordinated Operation of Electric and Natural Gas Supply Networks: 
Optimization Processes and Market Design 
 

Newton Energy Group, LLC | Boston, MA | $2,904,745 
 

The project team led by Newton Energy Group, LLC will develop fast, scalable mathematical 
models and optimization algorithms for dynamic optimization of the operation of natural gas 
pipeline networks on the time-scales of electric power systems operations. These models and 
algorithms could enable co-optimized operation of natural gas and electric infrastructures and 
markets, thereby promoting efficiency in natural gas delivery and use, and coherent gas and 
electric price formation while reducing energy costs for consumers. 
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Good Data-Info

 

*Projects have been selected for negotiation of awards; final award amounts may vary. 

  

 
 

OPEN 2015 PROJECT SELECTIONS 
 
Published:   November 23, 2015 
Last Updated:  November 23, 2015 

 
EFFICIENCY 
 
Buildings 
 
Data Analytics for Virtual Energy Audits and Value Capture 
Assessments of Buildings 
 

Case Western Reserve University | Cleveland, OH | $1,433,281 
 

Case Western Reserve University will develop open-source software to collect data for virtual 
building energy audits, energy-efficiency assessments, and improvement advisories. Analysis of 
multiple data streams will identify correlations among different variables, diagnose building and 
equipment efficiency, and prescribe the highest return on investment solutions. The software 
could enable cost-effective audits for smaller commercial buildings and help spur energy 
improvements. 
 
High-Efficiency, Low-Cost Laser-Based Solid State Lighting 
 

University of California, Santa Barbara | Santa Barbara, CA | $2,372,724 
 

The University of California, Santa Barbara will develop a laser-based, solid-state lighting 
module that could be a low-cost alternative to light emitting diode (LED)-based devices currently 
on the market. Laser efficiency increases, whereas LED efficiency decreases, with increasing 
current density, which would result in improving energy efficiency by a factor of two. This  
design could reduce lighting-related electricity use, and cut costs by roughly 20x compared to 
current LED technology. 
 
Retrofit System for Single Pane Window Efficiency 
 

The Mackinac Technology Company | Grand Rapids, MI | $2,500,000 
 

The Mackinac Technology Company will develop a novel, cost effective, retrofit window 
insulation system that will significantly reduce heating energy losses. The window system will 
utilize a durable conducting oxide window film that is highly transparent to visible light (>90%), 
but reflects ultraviolet and thermal-infrared energies to reduce heat loss in winter. This window 
retrofit technology could save nearly one quad of energy if fully implemented across the United 
States. 
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Advanced Nuclear
As detailed in the Climate Action Plan, President Obama is committed 
to using every appropriate tool to combat climate change.  Nuclear 
power, which in 2014 generated about 60 percent of carbon-free 
electricity in the United States, continues to play a major role in efforts 
to reduce carbon emissions from the power sector.   
($0.9B research & $12B loan guarantees)
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CCS

 

*Projects have been selected for negotiation of awards; final award amounts may vary. 

  

Ammonia Synthesis for Fuel, Energy Storage, and Agriculture 
Applications 
 

Starfire Energy | Aurora, CO | $1,424,691 
 

Starfire Energy will develop a modular, small-scale Haber-Bosch (HB) type process for 
ammonia synthesis that is less energy-intensive and more economical than conventional, large-
scale HB because a novel electroactive catalyst allows the use of lower temperatures and 
pressures. Small-scale HB reactors could enable distributed ammonia production as a zero-
carbon fuel, for energy storage and agriculture and to be more compatible with energy inputs 
from intermittent distributed energy resources. 
 
Disruptive Supplies of Affordable Biomass Feedstock Grown in the 
Open Ocean 
 

Marine BioEnergy, Inc. | San Diego, CA | $2,146,988 
 

Marine BioEnergy, Inc. will develop an open ocean cultivation system for macro algal biomass, 
which can be converted to a liquid fuel precursor. The system cycles between nutrient-rich deep 
water and sunlight at the ocean's surface to produce the biomass, and can also submerge to 
avoid storms and ships. The team’s technology could enable energy crop production in 
significant regions of the open ocean, with an initial focus on the U.S. Economic Exclusion Zone 
off California. 
 
Developing Ground Penetrating Radar (GPR) for Enhanced Root and 
Soil Organic Carbon Imaging: Optimizing Bioenergy Crop Adaptation 
and Agro-ecosystem Services 
 

Texas A&M AgriLife Research | College Station, TX | $4,600,000 
 

Texas A&M AgriLife Research will develop ground penetrating radar antenna arrays for 3D root 
and soil organic carbon imaging and quantification. Visualization of root traits with one mm 
resolution in soils could enable breeders to select climate-resilient bioenergy crops that provide 
higher yields, require fewer inputs, improve soil health, and promote carbon sequestration. 
 
Novel Technologies to Solve the Water Use Problem of High Yielding 
C4 Bioenergy and Bioproduct Feedstocks 
 

University of Illinois at Urbana-Champaign | Urbana, IL | $4,995,967 
 

University of Illinois at Urbana-Champaign will apply molecular breeding and transgenic 
approaches to isolate sorghum plants with improved water use efficiency and determine genes 
that drive this trait. Improved water efficiency could help increase biomass harvest by as much 
as 22%, while reducing the water-input needs of crops by 40%. Such innovations could permit 
economical farming on 10 million acres in the U.S. where water is currently limited. 
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Task for Next Week
• Team oral presentations begin


• Team leaders (Seniors): Two slide summary


‣ What technical goals/motivations drive your innovation?


‣ Introduce/describe the element(s) of your tech/implementation 


• Everyone: Three slide summary


‣ Slide 1: Description; what are you discussing/describing


‣ Slide 2: Present a technical summary of work/research to be done


‣ Slide 3: Present at least one why your idea shows promise

Send by email to mauel@columbia.edu 
before Monday, November 30
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Monday Wednesday

11/30 
12/2

Every Team  
(5 min each)

Blue (20 min) 
Green (20 min)

12/7 
12/9

Yellow (20 min) 
Orange (20 min)

Red (20 min) 
(Pizza Party)

Task for Next Week
• Team oral presentations begin
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ARPA-E OPEN 2015 Outline
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Report Format
PROJECT TITLE 

Estimated Total Project Cost ($1-10M) 
Project Duration (3-5 years) 

1. CONCEPT SUMMARY 
• Describe the proposed concept with minimal jargon, and explain how it addresses sustainable energy the Program Objectives of 

the FOA. 

2.  INNOVATION AND IMPACT 
• Clearly identify the problem to be solved with the proposed technology concept. 
• Describe how the proposed effort represents an innovative and potentially transformational solution to the technical challenges 

of sustainable energy posed by the FOA. 
• Explain the concept’s potential to be disruptive compared to existing or emerging technologies.  
• Describe how the concept will have a positive impact on your technology area ARPA-E mission areas in Section I.A of the FOA 
• To the extent possible, provide quantitative metrics in a table that compares the proposed technology concept to current and 

emerging technologies and to the technical performance targets in Section I.E of the FOA for the appropriate Technology 
Category in Section I.D of the FOA. 

3. PROPOSED WORK 
• Describe the final deliverable(s) for the project and the overall technical approach used to achieve project objectives. 
• Discuss alternative approaches considered, if any, and why the proposed approach is most appropriate for the project 

objectives. 
• Describe the background, theory, simulation, modeling, experimental data, or other sound engineering and scientific practices or 

principles that support the proposed approach.  Provide specific examples of supporting data and/or appropriate citations to the 
scientific and technical literature. 

• Describe why the proposed effort is a significant technical challenge and the key technical risks to the project.  Does the 
approach require one or more entirely new technical developments to succeed?  How will technical risk be mitigated?  

• Identify techno-economic challenges to be overcome for the proposed technology to be commercially relevant. 
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Monday Reports
• Each Team prepares one (approx) 3 slide report, 

based your team discussions


• Three points:


‣ Concept Summary


‣ Innovation and Impact


‣ Proposed Work


• Be pro-active, positive, and persuasive


• 5 minute presentation/5 minute discussion
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Final Reports
• Each Team prepares one ppt report, based your 

team discussions. Seniors may (or may not) 
share presentation.


• Three points:


‣ Concept Summary


‣ Innovation and Impact


‣ Proposed Work


• Be pro-active, positive, and persuasive


• 15 minute presentation/5 minute discussion
23


