








Emissions from kerogen in shale

» CO, is evolved from

kerogen during 0 i
retorting 21°r ° 7
- | q’/ |

- Kerogen contains 5-6 wt% o ;"
O 2 12 ° 5 4
. H B © o .~ © i

- Oxygen ends up in CO, 3 ° &

and H,0 = ol ° . .4 o -

— Reaction: Decarboxylation
of organic acids and esters

» Yield: = 4-5% mass of
kerogen as CO,
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Shale oil upgrading and refining

» Shale oil generally must be upgraded prior
to transport

- Stabilization of reactive hydrocarbons
- Remove excess nitrogen and metals
- Range: 1 - 8 gCO,/MJ RFD

» After upgrading, refining to finished
products

- U.S. refinery: = 12 gCO, /MJ RFD (Wang 2008)

- Shale oil refining will vary with quality and upgrading
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Combustion of refined fuels

» Typically largest component of emissions

—-Exception: high-temperature surface retorting of
low-grade shale

» Emissions identical to those from
conventionally-produced fuels

—Fuels refined to same standard — same tailpipe
emissions

» Emissions = 70 gCO,/M]
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Example - ATP retort (Brandt, 2009)
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CO, emissions from oil shale

@ Comb. of fuel M Upgrading & Ref.

Other extraction

B Thermal retorting
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Primary factors in oil shale CO, emissions

Shale Oil Production Efficiency
Power Plant Energy Efficiency
Kerogen Weight Percent
Power plant CO2 Rate
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Recovery controls CO, release from shale

Annual CO, Output (million tons)
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Mitigating CO, emissions

- Use low CO, heat source
- Off-peak wind (Bridges 2007)
- Nuclear (Forsberg 2008)
- Reduce losses in heat transfer to shale

- Use heat directly rather than electricity
- Increase scale to reduce heat loss

- Reduce temperature

- Slow rate of heating to reduce final temperature
- Eliminate carbonate decomposition

- Capture CO, and store
- Easiest with concentrated CO, (e.g., upgrading H, unit)
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CO, emission - conclusions

» Main sources of additional emissions
- Heat of retorting
- Carbonate decomposition
» Minor sources of additional emissions
- Mining and pre-processing / auxiliary inputs (freeze wall)
- Refining and upgrading (some cases)
» Mitigating these additional emissions

- Reduce temperature
— Reduce CO, intensity of primary fuel
- Increase fraction of primary heat that gets into the formation
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Other issues for alternative energy

» Environmental issues for oil shale
» Water use issues
» Growth rate of production

» Global energy picture
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Environmental issues for oil shale development

» Issues

- Water quantity and quality

— Air quality

- Surface and ecosystem impact
- Social and economic impacts
Data needs

— Definition process

— Baseline collection

- Management

— Dissemination

v

v

Model development

v

Impact assessment & policy
Technology development for mitigation

v
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Water consumption for energy extraction
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Modeling water use for oil shale production
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Historic & projected production
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Historic comparisons
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Shell energy projections - 1

Scramble - supply focus and late responses

Total primary energy demand Direct CO, emissions from energy
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Shell energy projections - 2

Blueprints — multi-focus and early actions

Total primary energy demand Direct CO, emissions from energy
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Conclusions

» Globally significant production still decades
away

— Even at 15% annual growth 1 MMBOPD takes ~25 years
— Barring significant technological advances
- Technology may not be rate limiting step

» Same is true for most alternative fuels

» Stable growth can provide time to enable
carbon management
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COSTAR and the Oil Shale Symposium

» Center for Oil Shale Technology and Research
- Membership - Total, Shell, ExxonMobil

— Research Team - Colorado School of Mines, University of Wisconsin,
Binghamton University (SUNY), [National Center for Atmospheric
Research]

— Initial tasks - rock mechanics, geology and stratigraphy,
geochemistry, GIS database development

» 30th Oil Shale Symposium and Field Trip

- Symposium October 18-20, Mines Campus, Golden CO
— Field Trip October 21-22, Western CO
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Backup Information

» Global resources

» Critical issues

» Importance of updating resource estimates
» U. S. historic energy production
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Global Oil Shale Resources
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Changing Resource Estimates
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Four issues for progress

» Four main issues condition future progress of shale oil
production:

— Access to the resource

— Technology development
- Environmental impact

- Economic viability

» Importance of each different in every country
» [ssues not necessarily independent
» Interplay affects how companies and countries progress :

— Natural influences (richness, depth, composition) with
- Human influences (innovation, economics, security, cultural values)
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Economic viability

» Affected by all other listed issues

— Access - time is money
- Technology - energy, water, CO, efficiency
- Environment - emissions, consumption, disruption

» QOil price, supply, demand, infrastructure
» Competing energy alternatives

- Heavy oil

— Global gas market

— Renewable resources
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Importance of resource estimates

053

» Resource estimates based on
Fischer Assay,

— Surface retort surrogate

- New designs for retorts

— In-situ methods

» Need for common basis of resource
description

— National interest in open databases for
estimation

- Technologic and economic factors will be
more closely held
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U. S. Energy Production
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