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Clean Materials Manufacturing

» https://www.cleanenergytransition.org/cmm

Manufacturing Sector Emissions and Manufacturing Energy
Overview Decarbonization and Carbon Footprint
Strategies

Pulp and Paper - X b

Aluminum Iron and Steel
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Industrial Decarbonization

Three cross-cutting strategies:
> Efficiency
» Waste Heat Recovery

» Process Emissions Reductions
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1. Energy Use Efficiency & Fuel Use Efficiency

Washington State Manufacturing Sector Overview

Lifecycle Phase

Raw material extraction,
collection, and preparation

UPSTREAM
Raw material transportation

Pulping

PRODUCTION

Chemical
PHASE e eeonen

Papermaking

Waste-product disposal/reuse

Delivery and end-use
DOWNSTREAM

pU|p and Paper Industrial Emissions and Decarbonization Strategies

Dominant Emissions Sources

Fossil fuels and electricity used in extraction or
collection equipment.

Fossil fuels used to transport raw materials
10 preparation sites.

Fossil fuels used for Fossil fuels and elec-

tricity usedfor dryingatnon-
reress el integrated pulp mills.!
Fossil fuels used in lime
Combustion of black kilns, and carbon dioxide
liguor and hog fuel in emissions from the
recovery boilers. chemical reaction in

the lime kiln.

Fossil fuels and electricity used to run
paper machines, in particular the drying stage
of the papermaking process.

Landfill emissions from decomposition of
organic material in pulp and paper mill sludge.

Fossil fuels used to transport
paper products 1o CUSIOMErs.

Emissions resulting

Landfill emissions from new raw material
from decomposition procurement and
of organic material in manufacturing that

paper products. could be avoided with

greater recycling.

Clean Energ

80% of the energy consumed by the
pulp and paper industry comes from boiler fuel

Energy efficiency improvements to steam
systems = energy savings and emissions
reductions

which is largely used to produce
process steam and accounts for over
80% of the energy consumed by the
pulp and paper industry.*

required compared to traditional chemica
pulping processes. There is currently

research underway in Europe, with a plan
for commercial implementation by 2030.%

Carbon Capture could be used to address
CO, emissions that are not easily avoided,
such as those from boilers that burn biomass
residue leftover after pulping, and from lime
kilns used in the Kraft chemical recovery
process.

Fuel Use Efficiency: Black liquor®
gasification involves creating a clean
syngas from black liquor, a byproduct
of the pulping process. The syngas can
then be used to produce electricity and
process steam at higher efficiency than

Black liquor gasification = creating a clean

syngas from black liquor (byproduct of pulping
process)

The syngas can produce electricity and process
steam at higher efficiency than direct black
liquor combustion
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2. Waste Heat Recovery

» 20-50% of industrial energy input
IS lost as waste heat

> Waste heat can be recovered and V= — =
reused (| AT

> Example in glass manufacturing: §

cleanenergytransition.org ’@CETransition

Transition Institute



2. Waste Heat Recovery

UPSTREAM

PRODUCTION
PHASE

DOWNSTREAM

Glass Industrial Emissions and Decarbonization Strategies

Washington State Manufacturing Sector Overview

Lifecycle Phase Dominant Emissions Sources
Raw material extraction Fossil fuels and electricity used in extraction equipm
(quarrying) including conveyors.
Raw material transportation Fossil fuels used to transport raw matenials to

preparation sites.

Natural gas combustion and/or electricity productid

e —— for equipment operation.

Fassil fuels Production of Procsas; q
combustion electricity used e;:;sﬁ‘
Melting and refining (natural gas) for boosting decarbo
used to fire the furnace, if eC 4
furnace. applicable. ai?'lna:fdl
Ao
Matural gas combustion and/or electricity production for
Conditioning sad fomiog heating of the forehearth and for equipment operation.
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Washi State Cloan Materials Manuf

Decarbonization Strategies

Waste Heat Recovery

Potential uses:

Finishing Natural gas combustipn and/or a-legtricily production
for equipment operation.

Constructi N Fossil fuels used in transport and use/installation
G e of glass products.
Di | Fossil fuels used in collection, recycling,

and reuse of glass products.

Preheating of combustion gases, raw materials,
and cullet;

Onsite building heating/cooling;

Electricity generation;

Offsite heating needs through district heating
system

Waste Heat Recovery: After waste heat is minimized as much as possible through
equipment energy efficiency improvements and electrification, remaining waste heat can
be recovered and reused to reduce overall energy demand and energy-related emissions.
Waste heat can be reused for preheating of combustion gases, raw materials, and cullet;
onsite building heating/ cooling; electricity generation; or offsite heating needs through
district heating systems.®

Material Efficiency: Increasing recycling of glass, which is limited to container glass and glass
fibers, can significantly reduce CO: emissions from glass-making. However, the current rate

of glass recycling is already high in the United States. Mixing recycled glass (cullet) with raw
materials, or using cullet entirely, avoids both energy-related and process COz emissions.
Cullet has a lower melting temperature than the raw materials used in glass-making, requiring
less process heat. Carbonate raw materials (limestone, dolomite, soda ash) also directly
release COz when heated for glass-making.®
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3. Process Emissions Reductions

» Direct process emissions = emissions
that happen during the chemical
production of a material

» Example = The production of cement
releases CO, from the calcination of
limestone used as a raw material

— Calcination is responsible for ~two-thirds
of the total direct CO, emissions from
cement production
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3. Process Emissions Reductions

Woashington State Manufacturing Sector Qverview

Concrete and Cement industrial Emissions and Decarbonization Strategies

Lifecycle Phase

Raw material extraction (quarrying)

UPSTREAM

Raw material transportation

Raw material preparation
Clinker production
PRODUCTION
PHASE
Cement grinding and blending
Concrete production
Construction and end-use
DOWNSTREAM
Disposal

y @CETransition

Dominant Emissions Sources

Fossil fuels and electricity used in extraction eguipment
(including comveyors).

Fossil fuels used to transport raw materials
10 preparation sites.

Fossil fuals and electricity used for machinary to
crush, grind, and dry (if necessary) the raw meal
(limestone and other materials).

Electricity used
, for machinery,
Fossil fuels - i

including fans,

Process G0z used for kiln e
e : '!“ heating and arty

calclngnun proheating o

reaction. (typically coal).

Fossil fuels needed for heat Elactricity for aq
for drying of additives, if blending and g/
nacessary. additives and fin

Fossil fuals - Fa:

Fossil fuels and

Lz electricity used elec
LiTLimin in production of og
to concrate dali
batch plants. concrete. —

Fossil fuels used to transport concrete to construct)
sites and to deliver/apply concrete.

Fossil fuels used in collection/reuse of cement &
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Decarbonization Strategies

Energy Efficiency measures, while estimated
to be only 3% of potential cumulative emission
reductions, are some of the most cost-effective
near-term greenhouse gas emissions abate-
ment opportunities.’ They are also important
because other decarbonization measures may
lead to greater absolute energy demand.

Decarbenization of Electricity is important
because of the potential for increased
electricity demand.?

Fuel Switching: Cement kilns typically heat
raw materials to over 2,500°F. Achieving thesa

Use of Low-Carbon Cements and Concrete:
Increased blending of cement with supplemen-
tary cementitious matarials (SCMs) to reduce
the clinker-to-cement ratio of the final product,
could result in lower overall carbon intensity.
Other innovations in cement binding materials,
as well as new concrete chemistries in devel-
opment to reduce clinker use, may reduce or
even eliminate process carbon emissions in
the long run.®

temperat is (currently) not practical using
electrical energy sources, so fully decarbon-
izing cement production will likely require alter-
native fuels or technologies to replace the use
of fossil fuels. Options include biogenic fuals
(biomass or biogas); waste fuels (municipal
solid waste or tier-derived fuel); or green
hydrogen fuel produced by electrolysis from
zero-carbon electricity.*

Use of Low-Carbon Cements and Concrete

Blend cement with supplementary cementitious
materials (SCMs) to reduce clinker-to-cement ratio
« Standard Portland cement = 95% clinker
« SCMs can be byproducts of other industries

Other innovations in cement binding materials, new
concrete chemistries in development
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Thank you very much

Ruby Moore-Bloom ruby@cleanenergytransition.org
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