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Future Energy Systems are Emerging ...
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The system is becoming more complex

“Modernizing the grid requires advances on many fronts ranging from policy
to information and security to physical infrastructure”
DOE Quadrennial Technology Review, 2011

Annual Power Generation Deployment by Prime Mover Technology
U.S. Grid connected generators - 2009
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New dimensions in the power sector:

Increasing wind and solar can create a greater need for flexibility
Flexibility: The ability of a power system to

There are a wide range of options to
respond to change in demand and supply increase flexibility...each with different
LOAD M NETLOAD M WIND b eneﬁ ts and costs

Steeper ramps

RELATIVE ECONOMICS OF INTEGRATION OPTIONS
Lower turn-down
Shorter peaks

Mw

Coal Ramping

e CT and CCGT
Gas Ramping
Hydro Ramping

Cost

reca Option costs are system-dependent
and evolving over time
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Type of Intervention

Ongoing studies explore different options,
applied under different sets of conditions

Source: Cochran (2015)

http://www.nrel.gov/docs/fy14osti/61721.pdf
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Where do we see things going?

Internet of things

™

Energy internet of things
* Always On - Always Connected
» Systems intelligence, interaction and automation

Smart grid 2.
>
Smart homes 2 %
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Smart appliances 4 ©
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Smart devices % 0,&

Electricity Thermal / NG Money

Integrated energy system model o ]
(IESM) simulates the effects of retail \w"i> - “‘*
market structures, coordination, and ¢ |, @ AN IS
scheduling on energy use and

production at buildings and campuses

Performance |
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Where do we see things going?

Internet of things P
\ Qy///
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Scalable Energy Sources and Storage —
from central plant to distributed and mobile to personal

New and evolving business models /%,/}
e Transition from products to services 4‘\/;7@ /763;,:,
* Public vs. private sector 'OO/,C; ./:9"09 “%,
* Partners & collaborators s &0‘/0;7@3‘.9
* Increasing consumer involvement 0"6:;1,3

+ SolarCity

— Business as usual
Low-carbon, centralized generation
Rapid growth of DER
Interactivity: grid and demand

__ Grid defection

Exploring different
energy futures
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Where do we see things going?

Alternative fuels options coms o
ew ruel Dynamics of biofuels market = i
3 - transition, from farm to tank M .
- P Dynamics of interaction
/ between biofuel and biopower
e (I / industries
Global Land-Use-Change integrated modeling and \
Model : :
Direct and indirect effects of ana_ly SIS Of biomass supp Iy \
biomass production and trade chalns, systems, resources, /
. . /
and industries )
N Biomass Allocation & Supply
N - Equilibrium (BASE)

Optimal allocation of biomass
resource when targets are met
and markets are mature

Biomass Demand Atlas
Visualization and analysis of
biomass demand scenariosin | — — —
terms of energy, cost, and
environmental metrics

Biomass, Biofuel, and Biopower System Analysis

Electrification

Adoption

Impacts
- on power system
- on emissions
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Where do we see things going?

= New FCEVs
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Alternative fuels options
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Where do we see things going?

Automated and connected vehicles

THE WALL STREET JOURNAL
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Whén Can We Expect Truly Autonomous Vehicles?

Anticle ‘ Comments (9)

Get full access to CIO Journal now.
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teresting preser on olution of Al robotics, and oth
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us others, myself included, were n
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New and evolving business models
e Consumer choice is key
v' Demographics have an influence




Where do we see things going?

Urbanization: the ultimate systems integration opportunity?

Cities Leading through Energy Analysis and Planning
(C-LEAP):
Helping cities transition to a Clean Energy Economy

Q2

Urban Systems Science & Engineering
Toward zero emissions, zero energy waste,
resilient cities

CO Resiliency Pilot Project: focus on Energy and
Water Security
White House State, Local and Tribal Leaders Task
Force on Climate Preparedness and Resiliency
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Energy systems integration:
seeking efficiencies, increasing resilience

Systems thinking:
v'  Technologies
v' Policies

‘/ Interactions, Complementarities and Tensions at the Nexus of Natural

I n Sti t u ti o n S Gas and Renewable Energy

April Lee, Owen Zinaman, Jeffrey Logan, Morgan Bazilian, Douglas Arent, Robin L. Newmark

Volume 25, Issue 10, December 2012, Pages 38-48

The Electricity Journal Elclm_

JISE A somsue
Stratoai Enorgy Anayes

S

Energy Conversion and Management
Volume 78, February 2014, Pages 684-694 n
R
Natural Gas and the

Transformation of the
U.S. Energy Sector: Electricity

Jeffrey Logan, Garvin Heath, and Jordan Macknick

Nuclear-renewable hybrid energy systems: Opportunities,

interconnections, and needs National Renewable Energy Laboratory

Mark F. Ruths. & . &, Owen R. Zinaman=. &, Mark Antkowiaka. &, Richard D. Boardman®. &, Robert E|i?abe_th Paranhos and William Boyd

S. Cherry>. B, Morgan D. Bazilianc. & University of Colorado Law School

Ken Carlson
x Colorado State Universi
Renewable Energy — ity :,
o J tits f
Volume 74, February 2015, Pages 815-824 J I S E S?r\:[telgisclEt::rgoyrA"awSis
il v i - -

Thermodynamic evaluation of solar integration into a natural gas
combined cycle power plant

Exploring the Potential
Guangdong Zhuz. & . &. &, Ty Neises®, Craig Turchi2, Robin Bedilion® Business Case for Synergies
Between Natural Gas and
Renewable Energy

Jaquelin Cochran, Owen Zinaman, Jeffrey Logan,
and Doug Arent
National Renewable Energy Laboratory (NREL)
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Energy systems integration:
seeking efficiencies, increasing resilience

Systems thinking:
v" Technologies
v"  Policies

v' Institutions

Difference in 2050: Hotter, dryer climate
(Hot-Dry climate - no Constraints)

C

o Source: The Water-Energy Nexus: Challenges and

g_ Opportunities, DOE, July, 2014
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Clean Energy Manufacturing Analysis
- insights to inform

CEMAP

Clean Energy Manufacturing
Analysis Program

Technoeconomic Analysis — Detailed
Cost Models: LIB Cell Production Process

Global supply chain assessment

Regional LIB Supply Chains and Trade Flows
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$2.25MM per station
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Chung, D.; Elgqgvist, E. (2015). Automotive Lithium-ion Battery (LIB) Supply Chain and U.S. Competitiveness Considerations. NREL Report in-press.

Comparative cost analysis

Analysis of the impact of

qualitative factors

Sensitivity analysis

Modeled Factory Gate Prices for 4§ m Blades Manufactured in Five Countries
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Manufacturing Considerations in the Global Wind o < ~ @&‘&&

Industry (Presentation). NREL (National Renewable
Energy Laboratory). 36 pp.; NREL Report No.
PR-6A20-60063.

James, T.; Goodrich, A. (2013). Supply Chain and Blade
Manufacturing Considerations in the Global Wind
Industry. NREL (National Renewable Energy
Laboratory). 36 pp.; NREL Report No. PR-6A20-60063.

Goodrich, A. C.; Powell, D. M.; James, T. L.; Woodhouse, M.; Buonassisi,
T. (2013). Assessing the Drivers of Regional Trends in Solar Photovoltaic
Manufacturing. Energy and Environmental Science. Vol. 6(10), 1 October
2013; pp. 2811-2821; NREL Report No. JA-6A20-58652



i iNREL

NATIONAL RENEWABLE ENERGY LABORATORY




