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What is the RTC?

The RTC is the only global, buyer-led

coalition focused on decarbonizing The Renewable Thermal Vision

Finding a Path Forward for Decarbonizing Thermal

thermal energy with renewables. Energy in the U.S, Industrial Sector
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We focus our work across the COLLABGRATIVE
intersecting issues of technology,
market development, and policy.

RTC Members (buy-side) and Sponsors (solutions-side)

are invited to participate in RTC workstreams to: 2
P P Playbook for Decarbonizing

* |dentify and address barriers Process Heat in the

« Accelerate solutions Food and Beverage Sector

Heat Pumps and Electric Boilers

¢ Implement prOjeCtS and pOIiCieS as Enabling Technologies
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Heat Pump Decision Support Tools

Tool 1: Initial screening Tool 2: High-level feasibility Tool 3: Supplier database

Identifies heat pump Initial technical and Provides details of relevant
opportunities commercial viability suppliers
assessment

Access the tools: https://www.renewablethermal.org/heat-pump-decision-support-tools/
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RTC Sponsors
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Low & medium heat processes dominate industrial
thermal emissions and account for ~76% of total

Estimated share of 2018 thermal emissions by temperature range (million tonnes of CO2e)

Total US industrial

thermal emissions Refineries Chemicals Iron & Steel Food Paper Cement Other
758 276 152 102 50 33 17 128
0 2 2
33 (12%) 40 (3%) o
(26%) 6 (25%)
(19%)
174 56

2;55/) (63%) (37%) 49
(ei2z) (97%) 82

(64%)

37
(37%)

217
(29%)

56
69 (37%)
(25%)

4 3
(4%) (17%)
I High temp (>500°C) Med temp (130-500°C) B Low temp. (<130°C)

Notes: Energy usage by temperature range was used as a proxy for thermal emissions by temperature range, most of industrial heat is fueled by natural gas across low, medium, and high temperature processes; certain sector
emissions (e.g. Iron & Steel, Cement) may skew more towards the higher temperature range as these sectors combust fuels with higher carbon intensity for high temperature processes (e.g. coal in steel making) Source: NREL

Manufacturing Thermal Energy Use in 2014 (provides thermal energy use by temperature); EIA Outlook 2019 (provides 2018 energy consumption by fuel); EPA emissions intensity by fuel



97% of industrial
heat needs in the
Food and

Beverage sector

are for
applications in the

low temperature
range (<130°C)

Thermal energy consumption (TBtu) by heat temperature range (°C)’

1. NREL Manufacturing Thermal Energy Use in 2014

3%

‘ Low-temperature range (<130°C)
‘ Mid-temperature range (130-500°C)

. High-temperature range (>500°C)



Thermal decarbonization pathways

97% of industrial heat needs are for
applications in the low temperature
range (<130°C), which can be
decarbonized on an accelerated
timeline with electrification and heat
pumps. Natural gas, which combusts at
~1,850°C is not required for most heat
needs in the sector.

Use of fossil coal and petroleum is
phased out by 2030, and natural gas
phased out by 2035 — replaced with
electrification.

Solar thermal energy with battery
storage should also be considered,
particularly in the US Southwest, and/or
when electric heat pumps have a higher
cost to generate heat than fossil natural
gas (e.g. California).

Thermal energy consumption'

1,000
Tbtu of thermal energy

500

21 26 30 35 40 45 50
Year

¥ Electrification I Coal
[ Natural gas

I Biofuels & coproducts

Thermal emissions?

60

20
Millions tonnes of CO2e

in thermal emissions

21 26 30 35 40 45 50
Year

I Solar Thermal [ RNG
[ Waste biomass [ Petroleum & other

1. Total thermal energy consumption based on EIA 2022 Outlook; forecasted energy mix per BCG analysis 2. Thermal emissions calculated based on emissions intensity of individual fuels;, RNG and clean hydrogen assumed to be net zero
fuels, biomass assumed to have an emissions intensity of 15 kg CO2e per mmBtu, electricity modeled based on US electric grid emissions intensity assuming 80% and 100% renewables by 2030 and 2050 Source: EIA outlook; EIA

emissions intensity; BCG analysis
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Approach to Effective Heat Pump Deployment

There are three steps to deploy a heat pump on a There are detailed slides in the playbook on the aims,
processing site implementation considerations and success factors

Energy Optlm ization to reduce heat demand Step 1: Optimization Steps to Reduce Heat Demangd

Step Description Practical Implementation Considerations
° H H The three recommended optimization steps that should be performed prior to conducting a thermal energy assessmentare: * Stakeholder engagement. Adjustments of setpoints,
nsures ener eman as peen minimize ) sctpart opimizaton. 2 do-steaming potenta,and 3) splemont rregrl heat recovry Craning nesing e, o mpmaning o
recovery projecis may have some producton / product
Step Objectives qualty implications, so engaging closely with all

relevant parties to gain sign offfor approval is

* Includes setpoint optimization, de-steaming, waste heat N I -

+ Risk mitigation. Related to the above point, outlining
b) \er‘v:;:l&cc::::‘ne OPEX savings from these no-regret projects which can mitigate any increase in OPEX from i 7, pAGAUEE GUH kS 2 bS GAinatsd o7
mitigated in implementation and operation will be
it
recovery g e —

process heating and increasing
setpoins fo process cooling

Thermal mapplng tO Identlfy heat pump Opportunities T Step 2: Thermal Energy Mapping to Identify Heat PumpApplications

Increasing scope for heat purt
deployment

edium to hot water where there is

recovery projects with good ROI t. Ensuring that any actions undertaken in this

Step Description

T [ —— Practical Implementation Considerations
o nize cuTent setponts « Assessing heating and cooling requirements in a plant to assess and identify potential heat recovery and heat pump * Listof heat sinks and sources should be
product qualty impact projects exhaustive. This exercise is most effective when all

heat sources and sinks across the facility are
Step Objectives considered, to maximize potential for heat recovery
and heat pump deployment.
Matching heat sources to sinks. The three key
factors to consider are:
1.Quantity and quality. The amount of available
. . g . . . > 1. IDENTIFY HEAT SOURCES 2. IDENTIFY HEAT SINKS 3. CONDUCT PINCH ANALYSIS 4. IDENTIFY HEAT PUMP POTENTIAL. heat and temperatures between sources and sinks
* Includes identification of heat sources and sinks, pinch
I H oo st e Do Heat Pump Evaluation and Selection Process
ana yS|S e ’

a) Establish baseline thermal energy balance b) understand opportunities for heat recovery c) understand opportunities
for heat pump deployment

Step Description

sebl Practical Implementation Considerations
H e at p u m p s e I e ct i o n a n d d e p I oy m e nt targetemperare and amount  The selection of a suitable heat pump is important for achieving optimal efficiency benefit, and thus OPEX savings. B v s C

space in a manufacturing plant; this should be

Step Objectives considered during the design phase.

a) Ensure that a suitable heat pump is chosen for the required purpose, b) optimize efficiencies and OPEX savings, ) Intogration with existing system. Tha integration
identify preferred heat pump supplier based on their techno-economic proposal, d) develop a pre-FEED" & identify x&i’g:"fgsjzzf:‘:‘ﬁ‘fﬁg Ss‘:s;:? be difficult;kls
relevant grants and funding schemes, e) Implement solution

Electricity price. Electicity is significantly more
expensive than gas in most markets. Power purchase

Listof heat sources with
temperatures and thermal
outputs

« Selection of suitable heat pump technology (e.g.,

WEAT PUNP preve— CoP_ | FoOD AND BEVERAGE EXAWPLE APPLICATIONS agreements (PPAS) and onsits renewable electricty
TEomOLoGY rance generation shouid be investigated to provde security
] . H H Contents it rrp—— e —— against snergy price flctuatins.
mechanical compression, apsorption, mecnanical vapor T R s e SATP e i e I oeyriodips i SRS
’ ’ mtistage sysers o schiove highertomparanae et installing thermal storage with heat pumps to deliver
better demand management.

= e e  Gonea Usd e g ad ol pcaors

1 B e o ey e ey | asea Success Factors

| FOR oo comppest sl ot shaorpion + Sufficient onsite and offsite grid infrastructure;
distribution network operators should be engaged as

 Brovery: Used o tho concentato of wast I

rocompression Incroas tho prossuro and the tomporaturo of waste 10-30  + Dairy: Used for the concentration of milk and whey early as possible during the project.

(MVR) vapor. « Selection of qualified heat pump supplier and installer
Thermal Vapor Inioes s use of anargy I hgh pressurs motive - Wetcom miling: Used o th concentaton o steep + Education of operations staff on heat pump optimization
Rocomprossion  steam o Increasa the prossure of wasts vaporsnga  10-30  wate and 105

Additional Resource: The RTC has developed Heat Pump Decision Support e e & sk

Tools that can further support Energy Buyers with evaluation and selection. e e =

Sonien s




Barriers and Recommendations to Adoption and Implementation

1. Lack of Operational Track Record Pilot Projects and Case Studies

2. Project Cost Cost Share Programs

3. Insufficient Grid Infrastructure Grid System Planning and Assessments

4. Utility Pricing Structures Rate Structure Reforms




Get Involved

WASHINGTON, DC | OCTOBER 19 & 20

SUMMIT 20235

Register to attend the RTC 2023 Summit later this week: '_.L'. : =
[ ... -
Contact us: (55 T
Cihang.yuan@wwfus.org ] :
Ruth@dgardiner.com - FRrs
3 :
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