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DOE has... Wyoming has...

Supercomputer and scientist-programmers
Experienced coal conversion experts

Reactor designers

R&D partnerships with industry and academia ! iy
Techno-economic systems analysts N | S o
Economists, with expertise in coal ) (I

v Produces more coal
than any other state
o >40% more than
| Wind Nvfrﬁeld“--\ 8 - all of Appalachia
=y T T v’ In 2014, 388 million
short tons in 2014
Slight decline
since 2008 high
v Low cost coal
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DOE wants.... Can’t do this by tweaking 1800’s to 1940’s technologies . Wyoming wants. ..
Must think about coal conversion

in different terms

|

4 Reduce coal’s environmen
AND

v'Use coal to support the U.S. economy \/Long-term‘coal based JUbS
v'Coal value to state maximized




Edwardsport IGCC and Kemper County IGCC Plant
Capital Costs

Cost Escalation at IGCC Plants

Edwardsport IGCC —

618 MW (no carbon capture)
Initial Cost Estimate - $1,985M
—e—Kemper County IGCC ($3,200 per kW)
Final Cost - $3,554M
(S5,700 per kW)

—e— Edwardsport IGCC
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Kemper County IGCC —
. 582 MW (65% carbon capture)
Initial Cost Estimate - $2,200M
(S3,800 per kW)
1 Final Cost Estimate - $6,100M
(510,500 per kW)

Plant Capital Cost, Billion $

\

0
Nov-04 Nov-05 Nov-06 Nov-07 Nov-08 Nov-09 Nov-10 Nov-11 Nov-12 Nov-13 Nov-14

Date - points represent announced estimate of cost
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Coal is being Crushed Between CO, Emissions
and Low Prices for Oil and Natural Gas

To Transportation Fuel

A 50,000 barrel per day plant A 50,000 barrel per day
will emit 2.3 times more CO, in plant will be economically
the atmosphere every day than competitive when oil is
conventional oil refining $120 per barrel

We need to think about coal conversion in different terms

ULE. BEPARTR T O INEX | E Tech |
@ ENERGY | 5oy et




NETL Ongoing Efforts:

Survey of U.S. coal conversion needs
Survey of U.S. coals and high value products from past R&D

Systems Analysis geared up to focus on optimizing systems that
will focus on most compelling needs

Modular Systems \

Traditional REMS

1

1

Reduced Cost through Advanced

Manufacturing

* Any size for any application

* Repeated designs mean faster
replacements and less plant down-time

* More plant flexibility: feed and products

Less expensive products
the bigger the plant gets
* Funding difficulties

* Biomass use infeasible

~

Existing Coal R&D )

e At least 3 companies engaged in active R&D

e Several larger-scale targeted technologies
will apply even better to smaller systems

e Actively seeking other ongoing R&D work
and potential collaborations

* New NETL initiative: Radically Engineered
Modular Systems (REMS)

NETL Supercomputer\

and expertise on coal
kinetics and reactor behavior

Like personal computing,
modeling gas-particulate
reactions is becoming
increasingly powerful

By 2020 hope to build prototype REMS
mine mouth economically viable pilot-
scale plant
v Use coal prep plant fines as a

feedstock

Advanced Manufacturing

* Reduced reactor and plant capital costs
* Decreased plant down time
* Increased product value

v Go after highest value products

By 2030 Achieve a coal conversion

revolution by manipulating coal at the

particulate level. Expand reach to

bigger markets. —

=TL



Don Collins told me think BIG

But the new focus is
small, modular,
unique conversion

applications
e Aim for bigger later
e Doesn’t help you now

Remaining presentation

focused on this part %

From Don’s keynote
presentation at the
NETL Coal Conversion
Workshop this past
August

@ ENERG
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* Aim for long-term environmental regulation targets versus

present day interim targets

» Target Ultimate Goal — Sustainable Energy Systems and Industries
» Recycle CO, for products needed for sustainable societies

Energy-Water Efficiency, Conservation-Recycle Strategies

« Utilize water in low rank coals

- Devise integrated multi-plant schemes that avoid/minimize plant
temperature ramping damage/degradation costs and inefficiencies

« Maximize operating at peak efficiency/peak profitability

Maximize product value-density vs. shipping impacts

- Achieves lowest energy, water, emission LCA level per unit of
economic good (GDP)

National Energy Technology




Big Enough Near-Term Markets

Raw coal exports
» not part of any NETL program

Large Scale Power

» can’t compete with natural gas and CO, emission control would add cost

Large Scale Transportation Fuels

» can’t compete with oil in price or CO, emissions

f

...CRU has revised down its forecast of

 Next biggest chemicals market: Fertilizer marginal export costs for key Chinese
. - =1 producers, lowering expectations for pricing in
» approximately a 12 million ton per year market 2015 and 2016

http://www.crugroup.com/market-analysis/products/UreaMarketOutlook

What about anticipating upward trends?
» Rural U.S. and Developing Country Power Needs
» Carbon Fiber (co-product and stored carbon)

ULE. BEPARTR T O INEX | E Tech |
@EHERG anaratary




Rural and Developing World Power Needs

* Possible approach we’re considering for a REMS:

— Modular, high methane catalytic gasifier to make syngas...

* Coal and biomass feed to gasifier

e Perhaps solid carbon extraction as part of process

— To feed fuel cell to produce power

* Perhaps to a direct current micro-grid

— DC has many benefits (see more information after the presentation)
— Greatly simplifies solar use as part of the system

e U.S. Market may be Small (but important); World Market could be Huge

U.S. Bill Passed this Summer:
Energy Policy Modernization Act of 2015

Senator Murkowski handout includes

—

Hybrid Micro-Grid Systems — Promotes hybrid micro-
grid technologies, including the integration of renewable
resources in rural communities that currently depend on
diesel for electricity generation, and promotes the kind of
research being conducted at the University of Alaska’s
Center for Energy and Power in Fairbanks.

ULE. BEPARTR T O INEX | E Tech |
@EHERG anaratary



Carbon Fiber House — Oak Ridge

Permanent carbon storage?
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Carbon Fiber: Growing Demand

®
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can be expected
to reach 89,000 t by 2020
and generate revenues of

$3.3B

Source: “Global carbon fiber market
remains on the upward trend,” Reinforced
Plastics Nov/Dec, 2014 (0034-3617/14,
Elsevier Ltd.)

Carbon Composite Revenues ($,M)
Wind Turbine Sector 4047

2509

1764 1983

projected

2013 2014 2018 2022

Graphs after: “Global carbon fiber market remains on upward trend,” Reinforced Plastics Nov/Dec 2014
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Carbon Fiber:

Potential Market & Needs

® 250+ KSI, 25 MSI Fiber

National Energy Technology

Laboratory

® 550 - 750 KSI, 35-40 M

C.D. Warren, Low cost carbon fiber in the high volumes for 21st Century Industries, ORNL Sept 13, 2011

) N . Current Potential
Industry Benefit Applications Drivers Obstacles Market Market
Mass Reduction: COStf Need $5-?/Ib;
10% Mass Fiber Format;
. . Throughout Body | Tensile Modulus; Compatibility with >1B
Automotive Savings translates : . . . < 1M lbs/yr
and Chassis Tensile Strength automotive resins, Ibs/year
to 6-7% Fuel Processin
® Reduction 'g
Technologies
Blades and Ciit:"r;ii:;bler
Enables Longer Turbine Tensile Modulus; Com ressisgn
Wind Ener Blade Designs | Components that | Tensile Strength to Stren pth' Fiber 1-10 M 100M - 1B
9y and More Efficient| must be mounted reduce blade Fo?ma;t 8 Ibs/yr lbs/yr
Blade Designs on top of the deflection .
@ e towers Manufacturing
Methods
Deep Water Pipes, Drill Shafts, Low Mass, ngh Cost a-ndlf':lber
. . Strength, High Availability; 10 - 100M
Oil & Gas Production Off-Shore . . . < 1M lbs/yr
Enabler Structures Stiffness, Corrosion Manufacturing Ibs/yr
®@ e Resistant Methods
v 25 | 2 Cont o | 57 S B
Electrical Storage Reliability & Thermal Expansion; 9 ) 10-100M
. cables; Flywheels . Manufacturing < 1M Ibs/yr
and Transmission| Energy Storage Low Mass; High . Ibs/yr
for Energy Strenath Processes; Resin
20 Storage 9 Compatibility
Hydrogen Storage, |, ,. L ) .
Pressure Vessels Affordable Storage Natural Gas High Strer_lgth, Light Cost,_ Consmtent_ < 1M Ibs/yr | 1-10B Ibs/yr
Vessels Weight Mechanical Properties
. Storage




Carbon Fiber:

Potential Market & Needs

DOE’s interest is as
a secondary
product that stores
excess carbon — WY
can of course
approach this with
different goals

) N~ . Current | Potential
Industry Benefit Applications Drivers Obstacles Market | Market
Retrofit and Repair
Br_ldge Design, of Aging Bridges and Tensile Strength & | Cost; Fiber Availability; /-\
Bridge Retrofit, Columns; . . .
L . Stiffness; Non- Design Methods; Design
Seismic Retrofit, Pretensioning . ) 1-10M (| 1-100B
Infrastructure . . Corrosive; Standards; Product
Rapid Build, Cables; Pre- . . . lbs/yr lbs/yr
) . Lightweight; Can be | Form; Non-Epoxy Resin
Hardening against Manufactured " . e
. . Pre-Manufactured Compatibility
Terrorist Threats Sections; Non-
<] Corrosive Rebar
Lightweight Ground Ship Structures; Low Mass; High Cost; Fiber Availability;
Non-Aerospace | and Sea Systems; . ) L . . ] ) 1-10M | 10-100M
- Support Equipment; Strength; High Fire Resistance; Design
Defense Improved Mobility o . . lbs/yr lbs/yr
. Tanks; Helicopters Stiffness into Armor
and Deployability
. H l - -
Elec®hics EMI Shielding Conaumer  |LowMass Electrical | o e ety 1-10M, | 10-1000
Electronics Conductivity Ibs/yr Ibs/yr
=) Fairings; seat Cost of lower
Asrosoace Secondary structures; luggage | High Modulus; Low performance grades; 1-10M | 10-100M
P Structures racks; galley Mass Non-Epoxy Resin lbs/yr lbs/yr
equipment Compatibility
Non-Traditional Enabler for Structural Design Tensile Strength & Design Concepts;
B Geothermal and Members; Thermal Stiffness; Non- Manufacturing Methods; | 1-10M | 10M-1B
Iicagz Ocean Thermal Management, Corrosive; Fiber Cost; Fiber Ibs/yr Ibs/yr
@p @ Energy Conversion Energy Storage Lightweight Availability
Electrical . Li-lon Batteries; Electrical and Design Concepts; Fiber [ 1-5M 10-50M
Key Storage Media . A : s
Energy Stora& Super-capacitors | Chemical Properties Cost and Availability Ibs/yr Ibs/yr
Total n=a

Ibsly

® 250+ KSI, 25 MSI Fiber
C.D. Warren, Low cost carbon fiber in the high volumes for 21st Century Industries, ORNL Sept 13, 2011
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©550 - 750 KSI. 35 - 40
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12 Reasons Why DC May Replace AC for Future Power Infrastructure

Dr. Gregory Reed
Professor and Direcror, Center for Enengy and Elecmic Power Sysmms Lab
Swanson School of Engingsnng — Lniversity or Pimsburgh

Introduction

Diirect Current (DIC) electric power is an emerging disruptve technobomcal area that has the
potential to stimulate economic growth, inspire innovation, increase research and
development opportunities, create jobs. and simultaneously advance environmental
sustanahility.

DC technclogy and applcations. offer the promise of enhanced ensmy efficiency. improved
o quality and reliability, and inherent alignment with renewable and dean enemy
development, as well as evolving end-use consumer nesds.

The Power of Direct Cument (DC)

OC power is beginning bo evolve towards replacing AC as a worldwide standard for
eleciricity delivery infrastructure, in many applications, based on the twebve {12) reasons
Isted below:

1. DG is mherenfly compaible with renewable sources of enengy such as sofar and wand.

These renewable sources generate power intermitiently (when the sun shines or the wind
Do), mqjmgshxage{batmes]nmmeapplmhmsaspatufﬂmﬁﬁtemmu‘d&rm
prowide refiable supply, and atso require 3 power comversion interface to the qrid. Solar PY
s inherentty a DC energy supply, a5 are baftteries, making DC a more naturally compatble
mierface. As an exampés, 3 curment collaboratve project among the University of Pittsbngh
and Pitt-Chio Express, Inc. — fo install 3 DC-based renswable micrognd system ncleding
solar, wind, and enengy storage technologies o seree 3 trucking distribution center’s vard
operations and lighting — is cusmently undensay in Harmar PA. LUSA. The project s a first of
its kind D'C-based deployment and impéementation of the associated technologies, with
participation from vanous regional eqguipment supplers and vendors.

2 Modem eleciricsl losds and slechronic squipment operate on DG powsr.

Most of today's modem electrical and slectronic loads — computers, datacenters and
senvers, ighting, home and office electonics, appiances, personal device apparatus, and
other technologies require low voltage DC power to operate. Yet, we continee to supply al
of this end-use egquipment from a legacy AC systemn requiring mefficient and unnecessany
comversions from AC to DC. There is a power boss of anywshers from 5% to 200 when AC
poweer is converted to DT power. The increasing reliance on electronic eguipment creates a
greater nesd for DC power. Eliminating these conversion losses from AC to DT are
b=coming more mportant now and even more 5o in e fubere. and will moteate a shift to
DC power requinng a0vances in New power conversion technologies.

Or. Gregory Reed
University of Pitsburgh
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2. Energy storsge infegration is greadly enhanced.

Energy storage is required to mprove the capaciy ulilzation of renewable energy supplies.
Most enemgy storapge technologies are DC-based (primarily in the form of batiery
technologies), creating opportunities for mproved integraton efficiencies and reduced
operating losses. This s also much more compatible in applications where storage and
distributed renewable energy resources are appied.

4. DG poveer is significandy more enargy efficient than AG power.

Today's DC motors and appliances have higher efficiency and power-to-size characteristics.
Ao at the end-use level, DC-based hghting (in fhe form of new LEDs) is as much as 75%
more sficient than incandescent ighting. At the high voliage power grid level, the greater
efficency resulting from recent developments in DC comverter technology, allows
mprovements in electricity deliveny over long distances. Also, power eleconics based OC
o DG comverters will become the new ransformerns of modem DC archiscture, offerng
bower losses and greater efficiency for voltage transformiation as compared to tradition AC
fransiommer bechnoliogy.

5. DG and Hytwid AGDNG micro-grids are being devedoped for resdiency and relisbiity.
Micro-grid appbeations can effectively integrate local and distributed power generation with
the man power grid to effectively serve defined end-use loads; improve refiability, especially
under disturbiancs event conditions; and cregte opporiunites to buy and sell (net metering))
poweEr to minimize ensmy costs o the consumer. Micno-gnd desigrs also increase goid
resiency and enengy secuniy.

E. DC is superor fo AC for underground and submarne sopiicabons.

When considenng undergrownd and submarine pover transmission and distribution
appicatons, to improve resfiency and reliabiity, DC solutions become much less expensive
than AC for both initial construction costs and longer berm cperation and mantenance. DC
requires only two poles as compared to AC that requires three phases, resufting in less
overall infrasimucture to install. DC s the technology of choice today for off-shore wind
mtegration.

7. The technology needed fo gain the advantages of OC power in dafa cenders, homes, and
communibes is making significant advances.

DC power is already in use at the "botiom of the pyramid’ — such as in areas of rural China,
India, and other developing nations — because existing national (AC) power grids do not
reach remobe areas. For example, four states in India are experimenting with prowidng DC
power to homes. Also, the most significant new consumers of electnic powsr today are the
companies (Google, Apple, Visa, eic.) at the “apex of the pyramid,” which operate computer
data centers and server famms. They benefit from DT power because the elecronics require
DC power. Mew developments for DC applications are creating investment in local DT
poweer generation in order bo ensure 247 ref@bility with zero downtime. and improve the
efficiency of supply.

Cv. Gregoey Fsed
University of Prisoumgh
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8. Eleciric vehicle growth and adapiation

[Electric vehides use DC (battery) power and ther batteries can be charged using DC power
mn a small fraction of the fime nesded for changing wsing AC supply. In Europe, smart
villages that use DC power are being designed, and elecinc wehicles are envisapged as part
of the storage system for renewable power. There are many potential ancillary markets for
electric vehicle applicabions, in terms of charging and dschargng, and new electric vehicke
mfrastructure provides a lame growth potential for the electnical transportation sector,
f=ading to reduced carbon emissions and other environmental benefits.

9. New technologies support clean, Iocal, distribuied generabon of DG power:

Solar, wind, second-generation ciean biomass, and innovative, low-cost fuel call designs
that use natwral gas are ideal for green, local power generation. DC infrastruchure will help
o betier improve the nfegration of such resources o te gnd, and enhance their overall
economic and environmental vaiee proposition. DC also helps to befter accommodate local
and disirict energy type systems fior the demonsiration and deployment of these new and
advancing resource technologies.

10. Many new long disiance fransmission Ines in the U5, Ghina, India, and Europe are
moving toward witra-high volfage DG (HVDC).

In e LS., the nevw transmission lines from magor wind and sciar farms in the mid-west and
wesiem siates are being planned as HVDC, in addition to an ememence of HVDC
merchant transmission projects throwghout the county. Themne aiready are approxmatesy 20
HWDC systems in operation in the U_5. and Canada. All of China's new high voltage
transmission is planned as HYDC, with dozens of systems already in operation and over 20
new systems in planning stages. Europe is expanding and upgrading much of its
fransmission infAstructure with HVDC being a significant part of ther sirategic plans,
ncheding mterconnecion of natons and continents. HVDC transmission is cheaper than AC
at a certain distance for power delivery, because of recently developed disrupive
technologies mwodving power semi-conduchors. Other esobenc technical reasons (such as
elimmnation of the “skin efect” that arses wih AC) and reduced losses through advanced
power converter designs motivate the shift to OC ransmission. Moreover, the investment
for HVDIC transmission is less because the gauges [thickness) of the wires can be smaller,
and because one kess wirs is required (two poles for DC vs, three-phases for ACL
Therefore, many of the major reasons why the woekd went with AC at the tum of the 20th
century are no longer relevant. Perhaps most impostantly, HVDC can camy 5 to B times the
amount of power along a given ansmission right of way as compared 1o high voltage AC
systems. Alsa, HVDC as applied widely in 3 network design can lead to the efimination of
wide-scale, cascading blackouts that AC networks are susceptible o, and aiso provide
‘black start capability’ for network energization. Today there are many strong economic
reasons, refiability requirements, and sustanability related incentives to invest in DG
mrastructure, technologies, and applcations.

Dr. Gregony Resd
Uriversity of Pitisturgh
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11. In China and Ewope, new ofies and villages are baing envisioned that will be enfiraly
i powered.

In green-field applicaticns, from resource integration and delvery infrastructure to end-use
appications, complete DT systemn concepts and operation are being considered in many
developing parts of the world. As we look 1o electrify more remiote parts of the giobe. there
are many advantages o empioying DC nfrastruchere. Some of the concepts provide a
model for modemizing existing infrastructure in parts of the woedd Fke the LS., where
hardening power networks to created greater resibiency and self-sustanability have become
impeetant objectives.

12 DG offers opparfunifies for iachnology leadership, 25 well a5 economic development
and job growth.

DC prowides the potental of creating new markets for technologies, along with supportng
equipment, devicas, systems, and senvices, will support economic development and job
growth. Evenghing from hardware and software development to modemization of
standards and codes will be necessary for a futwre that incorporates higher penefrations of
DC infrastscture.

Research, Development, and Deployment at Pitt

A significant effort is undensay at the University of Pittsburgh's Biectnc Power Systems
Lsboratory to advance the state-of-the-art of DC technology researnch,

demonsiration. and deployed. Emhdﬂ&mmredﬁummwmfwhhdﬁn
Piower Systems ) and funded throwgh an opportunity grant by the Henry L Hillman
Foundation, he program was established in order io develop advanced DC technologies,
systems, and nirasmecture to lead the electric power industry evolution from AC o DC
poweer, while also positioning the Pitisburgh region to become a global leader in DC power
and microgrid applications. [t will also work towards the acceleration of the ememgence of
hybrid AC/DC networks, operations, and microgrids — leading to complete DC infrastrscture
— o enhance modem power system eficency; |rr|f.m:|red power quality, reliabiity, security
and resiliency. and align technology integration weth renewable and cean enengy
developments.

{Other prior and on-going work at Piit n the area of DC developments with the Elecnc
Power Systems Lab is across the entire power sechor — from HVDC to medium woliage DC
to DC micrognds to end-use DC applicabons — has been argely supporied by vanous
mdusiry partners including funded RAD from ABB, Siemens Energy. Mitsubishi
Electric. Eaton Corp.. and others, as well as from the U5, Department of Ensmgy and the
Commonwealth of Pennsytvania. The Pit-Ohio Express project, previowsly described, = an
example of a tree parinership hat has benefited from a well-coordinated university-indusiry-

coliaborabon, e and benefits of the deployment of
maodem OC infrastrucure. Many of the methods being developed through DC-AMPS ane
also being considered for larger scale Disirict Energy systems that indude new and

Dr. Gregory Reed
Universty of Prisburgh



