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Carbon Burden

All economic activity generates
greenhouse gas emissions!
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We Live in a Petroleum Economy
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Understanding Carbon Management:
The Parable of the Coffee Cup

CONGRESS BLOG
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Managing carbon like coffee cups

By Robert C. Brown

I =8B -0 ' COMMENTS 0

Many people find the role of biofuels in managing greenhouse gases difficult to understand. It
can be readily explained over a cup of coffee. Imagine a couple who enjoy cups of coffee every
morning. Of course, they wash and reuse the cups.
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The husband discovers that Amazon.com will deliver two new coffee cups every morning — how
much more convenient than washing cups every day! Soon dirty coffee cups overflow the
cupboard. The wife suggests a return to recycling but the husband argues that there is no
difference between new and recycled cups, so how does reusing cups help? She explains that
although the cups are identical, it matters where they come from. Cups brought into the house ,
are responsible for the problem, not the cups they reuse. NEGATIVE




Reversing the Paradigm
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Key Features of Carbon Negative
Technologies
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CLIMATE CHANGE 2014
Mitigation of Climate Change

Similar conclusions by
Stanford's Global
Climate and Energy
Project (GCEP) and
nperial College’s
\Grantham Institute of
F_Cllmate Change
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2014-04-13/ipcc-working- B gz
WORKING GROUP Ill CONTRIBUTION TO THE : group-iii-report-warns-of-

FIFTH ASSESSMENT REPORT OF THE 2) (&) high-cost-climate-
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 10 UNEP change/5387006 NEGATIVE



J Js' [0)YY mur I¢ /JJ go ruc |
aKing a - carvon negative”
Economy ?

1111111

NEGATIVE



Artificial Trees

s
-------

e DrawstaliFthrough a sorpent to rema
= POWENEN By photoveltaics a 0 PC

®-



Mollusk Sequestration of CO,

Currentisequestrationsfromworld=wide shellfish farms

Component Proportion |  Weight (tonnes)
Molluscs - 12,000,000
Shells 0.5 6,000,000
Calcium carbonate 0.95 5,700,000
CO, 0.44 2,508,000

REMoves CO; dissolved ;.' 3'
PeWEed 12 J/ pature .
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Biomass Energy Carbon Capture
and Sequestration (BECCS)
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Why Biomass?
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Two Major Approaches to
Biomass Energy Carbon Capture
and Sequestration (BECCS)
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BECCS I: Gasification of Biomass
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BECCS |: Concern about CO, as
carbon sequestration product

BIB|C

NEWS

August 21, 1986

Hundreds gassed in Cameroon lake
disaster

At least 1,200 people are feared dead in
Cameroon, West Africa, after a cloud of
lethal gas escaped from a volcanic lake.
The tragedy happened at Lake Nyos,
about 200 miles (322 km) northwest of the
capital, Yaoundeé, during the night.

Most of the victims died in their sleep. The
gas killed all living things within a 15-mile
(25km) radius of the lake, and the area is
still highly contaminated.
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BECCS lI: Pyrolysis of Biomass

IEESUHAINPIARISTIX CANDON aS PIGMASS
BIOMaSSHS alVESIEd and pyrolyzed to BIO-0Il and
PIECHAR
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BECCS lI: Pyrolysis Pathway to
Carbon Negative Energy
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Fast Pyrolysis
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Advantages of Pyrolysis/
Biochar CNE
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Biochar
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Inspiration for Biochar:

Terra Preta in Amazon Basin
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Challenges to the Pyrolysis/Biochar
Pathway to BECCS
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Py Refinery

Pyrolyzer — Product Recovery
v v
Heavy Light
Ends Ends
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Renewable Bio-asphalt Hydrocarbon Carbon
Fuel Oil Fuels Fibers
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Transitional Pathway to CNE:
Coal Power Plants with Ultra-low
Carbon Emissions
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Bio-0il Co-Firing Fuel (BCF)

Ground coal mixed with hot “clean Coal CPO Biomass
phenolic oligomers” (CPO) and Heating Value| 27.6 24.2 18.4 MJ/kg
cured either as “granola” or pellets

Moisture| 5.66 16.0 6.24 wt%
Volatiles| 33.6 65.4 76.0 wt%
Fixed Carbon| 51.9 23.4 17.5 wt%
Ash| 8.84 0.05 0.25 wt%

Carbon| 73.4 58.9 47.0 wt%
Hydrogen| 5.20 6.67 6.41 wt%
Nitrogen| 1.51 0.34 0.20 wit%
Sulfur| 2.33 0.00 0.01 wt%
Oxygen| 114 27.8 40.2 wt%

Within uncertainty of
measurements, BCF formulated
from 70% coal + 30% CPO has i il
BCF pellets heating value identical to coal

BCF granola
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BCF/Biochar Demonstration
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Bio-oil Co-Fire Fuel (BCF) Could Bring Coal-
Fired Power Plants in Line with Proposed
New Mandates on CO, Emissions

* EPA proposed 40% CO, reductions from coal-fired pow '
plants by 2025

* BCF consisting of 36 wt% bio-oil and 67 wt% coe
achieve this target

CUSHOREIECHICItyased on BCE at an

ICIARIOYOHRIR) FH01094/KWhIE
AVETEGEICOST O EIECtCIty for-a new conventional coal-fired
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These potted
tomato and pepper plants
are being grown for
ISU’s State Fair Exhibit.
One color of pots is grown with
biochar, a soil amendment,
and the other without,
Can you guess which is which?
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Backyard Biochar Garden -2011

Harvested Tomatoes for Week of July 24




Questions?
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