Why today’s topic?



Top energy and sustainability goals in the US food

industry (source McKinsey)

Reduce or mitigate greenhouse gas emissions
Energy efficiency

Sustainable packaging'

Water usage

Waste management

Employee safety and health

Animal welfare

Sustainable sourcing (e.g., fari tade)

Community involvement and charitable giving
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Energy and Emission Intensity of Industrial Sectors

Cross-Sector Technologies
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Industrial energy

Energy Consumption

Commercial
16,684
18%

Residential
20,782 Industrial
22% 31,183
33%

Transportation
24,690
27%

Source: US Dept. of Energy

Cement and Lime
396 (1% of Industrial)

Food Products
1,629 (5% of Industrial)

Iron and Steel
1,422 (5% of Industrial)

Bulk Chemicals
7,519 (24% of Industrial)

Refining
4,735 (15% of Industrial)

All Other Manufacturing
7,941 (25% of Industrial)

Non-Manufacturing Industrial
(Agriculture, mining, and construction)

7,540 (24% of Industrial)
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How energy is used in manufacturing

Breakdown of Energy Use Onsite at k o
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Fuels used for industrial heating

Pulpingliquoror black

Other fossﬂ based fuels 4%
Waste Gas
12%

Offsite electricity
18%

Source: US Dept. of Energy
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Biomass

Natural Gas
43%

Offsite steam

Coal
3%

4%

Miscellaneous

2%

Fuel Mix in U.S. Food Industry
(TBtu)

Fuel QOil
15.2, 1%

Electricity
237.2, 19%

Renewables
155.1, 13%

Propane

8.0, 1% Petroleum

Steam Coal

96.4,

8%

271, 2%

Natural
Gas

677.8, 56%
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Baked snacks alone consume almost 5.5 MMCF of
natural gas

# of lines in US | Est. Output | Energy to bake Annual nat gas in
(Ib/hr) (BTU/Ib)

Cookies 1,750 1,000,667
Crackers 121 4,000 1,000 2,396,953
Pretzels 118 1,500 1,750 1,534,000
Other baked 9 1,100 2,000 98,057
snacks
Pet treats 45 2,500 750 417,857 lﬁ
Source: Reading Bakery Systems aurl
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Temperature intensity of various industries

Low temperatures provide
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Temperature intensity of chemical processing

_ Process Heat (TBtu)
Cyclic Crudes : 5 5

Phosphate Fertilizers
Fibers and Filaments
Pharmaceuticals
Industrial Gases I ]
Inorganics
Petrochemicals
Plastics and Resins
Ethanol
Basic Organics
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DOE Food industry decarbonization roadmap

2020 2025 2030 2040

CCUS

Transformative
process

e

Process electrification
Innovative separations
~ . Heat pumps

~ =~ _ _ _modularization

Process heating

LCFFES

Electric boilers, Electric ovens
hybrid boilers and fryers

Industrial Electrification

Source: US Dept. of Energy
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Today’s topics within the roadmap

2020 2025 2030 2040

CCUS

Innovative separations

Solet at pumps Process heating
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Electric ovens
hybrid\qoilers and fryers

Industrial Electr
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Energy efficiency: doing more with less.

1990 Ford 150: 15 mpg combined
(Empty weight 4200 Ibs)

2024 Ford 150: 20 mpg combined
(Empty weight 5,500 Ibs)
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