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Industry Overview Segments

Nuclear Energy Industry Overview for
Manufacturers

The nuclear industry is experiencing a resurgence, driven by the demand for clean, reliable energy, with small modular reactors (SMRs)
emerging as a key innovation due to their smaller size, lower costs, and flexibility for applications like power generation and industrial
heat. The global SMR market was valued at approximately $6.14 billion in 2023 and is projected to grow to $7.14 billion by 2030 at a
compound annual growth (CAGR) rate of 3.0%, with some forecasts suggesting it could reach $16.13 billion by 2034 at a CAGR of 8.9%,
fueled by decarbonization goals and technological advancements. Traditional nuclear power continues to provide about 10% of the
world’s electricity, while SMRs are expected to contribute 2% by 2043, supported by over 80 designs in development worldwide.

e Download the free Nuclear Report that identifies:
Market Size & Growth Forecasts
o Market Drivers, Challenges & Concerns
o Reactor Components and NAICS Codes of Suppliers
o Contact — Developers, Manufacturers, & Trade Associations
o Map of Today’s Nuclear locations and links to key resources
e Watch the 30-minute video of Nuclear Report authors from the Penn State
Extension Energy Team.
e Print a copy of the presentation notes
e Click here to view the press release.
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Sample NAICS Codes

Manufacturing companies that work in these or similar NAICS (North American Industry Classification System) codes could be good
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Biogas and RNG
@ remsaemension [ Jndustry Overview

Matt Svetz — MCS5753 @ psu.edu
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What Is Biogas

* Mainly methane, otherwise known
as natural gas (45-75%)

* The rest is mostly carbon dioxide

* Traces of water, hydrogen sulfide
and other non-productive gases.

Photo: https://education.nationalgeographic.org/resource/natural-gas/




Biogases — potential by country

Industry Overview

United States

* 40 bcme of biogas & 10 bcme of
RNG produced globally

Mexico

* 3% of global bioenergy production

Canada

* 1% of global natural gas demand
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Chart: https://www.iea.org/reports/outlook-for-biogas-
and-biomethane



Market Size

« 2500 biogas sites within the US
* 609 farm anaerobic digesters
* 1,180 wastewater treatment
facilities
e 583 landfill Gas Recovery systems

« US biogas industry market size
estimated at $6.08 billion

« US RNG Industry estimated at $1.76
billion

Map: https://americanbiogascouncil.org/biogas-market-snapshot/
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Market Growth Us, Biogas Market

$5.98

* 17,000 potential sites to host a biogas or Tus et
RNG project
* 11,200 Farms

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

3,750 Wastewater Treatment Plants ® Munkdoal @ hglautrs  © kit
* 730 Landfills U.S. biomethane market, 2016-2030
* 1,370 Food waste only digesters
* Projected Biogas market growth of 2.7%
between 2024 and 2030
* Projected RNG market growth of 13.7%
between 2025 and 2030
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Chart 1: https://www.grandviewresearch.com/industry-analysis/us-biogas-market-
report#:~:text=The%20U.S.%20biogas%20market%20was%20valued%20at%20USD,2030%20t0%20reach%20USD%207.34%20billion%20by%202030.

Chart 2: https://www.grandviewresearch.com/horizon/outlook/biomethane-market/united-states



Rise of Renewable Natural Gas Projects

OPERATIONAL RNG FACILITIES
IN NORTH AMERICA
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Bi-Partisan Support

=

B ° Key digester incentives created by

the IRA.

* The OBBB maintained incentives
and provided greater access to
the Clean Fuel Production Tax
Credit

* Bi-Partisan support for digesters
on the state level

et

Photo: PA PUC Facebook Page



Key Drivers of Biogas and RNG Growth

« Advancements in Food Waste

Processing
« Government Support
 Emphasis on generating co-products

* Clean solution for hard to

Biogas volume (NmL gVSs)

decarbonize sectors

Photo: Biogas production from co-digestion of different proportions of food waste and fresh bovine manure
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Additional Tailwinds

« Organic waste reduction laws
» Corporate environmental goals

« Community Digester Model

(Green = has state policy, regardless of city policies, = has city policy only, Blue = interested in organics
recycling policies)

Photo: https://americanbiogascouncil.org/resources/organics-recycling-policies/



Hurdles to RNG and Biogas Growth

« Competition with natural gas and

renewables
. Figure 2.9 Bi.omeihune supply cost curves in selected re.-gio.ns compared
° Core teChnOIOgy IS already matu re with average natural gas wholesale and retail prices, 2019-2024
Europe A':‘n(:arrtita Sc(::linti:rlri]ria China India Ot;:crifia Africa
« Gaining the social license to operate 5 © “ F
« Complicated permitting and 2 a0
regulations N
 Estimates put available feedstocks .
capable of meeting 10% to 14% of s
North America natural gas demand
=== \Wholesale gas price Household gas price beme

Chart: https://www.iea.org/reports/outlook-for-biogas-and-biomethane



Core components of a Digester

* Hydraulic Pumps- To move liquid it )
slurry into and out of the digester /N
Biogas Storage
« Heating equipment — Uses gas _
boilers or electric heaters to maintain T \
operating temperature e :) ol
- Motors — Used to power mixers T e 3 e
meant to agitate slurry +. — =X
T Heat Exchanger j
 Digester Tank — Designed to contain  manure 1
. eception Pit —
the slurry during pretreatment or with Pump L concrete pad

treatment

Photo: https://www.epa.gov/agstar/anaerobic-system-design-and-technology



Upgrading Biogas to RNG

« Biogas can be upgraded to 99.5 %
methane content
* Methods for Upgrading
* l[ron Sponge Filter
* Chemical Solutions
* Membrane Separator
* Pressure Swing Absorber
* Amine Scrubber
* Water Wash

Photo: https://advancedseparations.airliquide.com/biogas-campaign
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RENEWABLE =~ a8 AstraZeneca and
COLLABORATIVE - I Vanguard__..e,_ewableS—

CASE STUDY
February 2024
Decarbonization * Deal to procure 650,000 MMBtu's of RNG
per Year for 15 years or more
Goals * Align RNG a collaboration between

Dominion Energy and Smithfield Farms
to develop 500 million dollars worth of
projects

Photo: https://www.renewablethermal.org/wp-content/uploads/2018/06/RTC_AstraZeneca-and-Vanguard-Renewables_Case-Study.pdf



Industry Leaders

* Project Developers » Biogas Upgrading & Biogas Electric

Equipment Producers
* Clean Energy Fuels Corp.

* Air Liquide
* Archaea Energy

* Greenlane Renewables
* Ameresco

* Malmberg Water
* Vanguard Renewables

 AB Group
* Nature Energy

* 2G Energy



Future Growth

» Biogas demand is expected to grow
4% per year between 2023 and 2035

globally

« RNG demand is expected to grow by
5 to 10 times by 2035 globally

* Europe is the most mature market
and could reach nearly half of natural
gas demand by 2050

« China and India are emerging
market with rapid projected growth

Chart: https://www.iea.org/reports/outlook-for-biogas-and-biomethane
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Questions?

@ PennState Extension
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