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Decarbonization Strategy
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Takeaways:

• Chromalox personnel can 
walk the facility to perform a 
decarbonization assessment

• Outline different options and 
alternatives to existing fossil 
fuel based heating systems

– Evaluate whether existing 
equipment can be retrofit 
with electric heaters

– Direct replacement may not 
be the best or even viable 
alternative

CONFIDENTIAL | and/or source information

Chromalox can support evaluating your facility for energy efficiency improvement and emissions reduction

Decarbonization Assessments
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Highlights

• Many customers have 
corporately set goals, but do 
not know where to begin or 
what options exist.

• Following a decarbonization 
assessment, Chromalox will 
provide a comprehensive 
sustainability report, 
solutions overview, and 
priced budgetary proposal

• The sustainability report will 
quantify carbon savings and 
energy reduction realized 
through our solutions

CONFIDENTIAL | and/or source information

Chromalox can bring value and support our customers on their sustainability journey’s

Decarbonization Assessments (Continued)

1Strategex | To Cut or Not to Cut Products

https://strategex.com/insights/to-cut-or-not-to-cut-products


2626

Thermal Efficiency Calculator

• Quantifies rated efficiencies

• Looks at annual energy usage based on 
use case data

• Quantifies carbon emissions tied to 
annual energy usage

– Additional quantifies cost of waste 
(utility cost & emissions)

Emission Calculator

• Evaluates emissions based on fuel 
source and burner size

• Looks at existing legislation to quantify 
cost of emissions

• Evaluates non-CO2 emissions and 
potential air permit impacts

MV vs LV

• Compares MV to LV total cost of 
ownership

• Looks at ROI of MV system

• Quantifies more specific operational 
efficiencies based on wire runs 
regarding I2R losses

CONFIDENTIAL | and/or source information

The Business Development team has created numerous calculators to support the decarbonization discussion

Decarbonization Value Calculators & Tools
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Hurdles to Success

 Cost of Electricity vs Fossil Fuels

– Generally, the cost of electric utility is 2-4x more expensive than the 

comparable fossil-based fuel customers are sourcing. How we do address?

• Total Cost of Ownership (TCO) – Maintenance reduction, emission cost avoidance 

(where applicable), air permitting avoidance, efficiency gains

• Power Factor (PF) adjustments from utility provider

• Incentive/Rebate programs from utility providers

 No Electrical Infrastructure

– As much as customers may want to electrify, they may not have enough 

power on site to support large scale electrification

• Incentive/Rebate programs or support from utility providers 

What challenges are we facing with large scale electrification?
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Steam & Process Heating 
Decarbonization Solutions

10



1111 CONFIDENTIAL | and/or source information

Bridge the gap between conventional electric steam generators and fossil fuel systems

DirectConnect Medium Voltage Steam Generator

• Mechanical Codes

• ASME, Section 1 – ‘S’ Stamp

• Up to 450 PSIG Standard, 
Option For 1000PSIG

• Electrical Codes

• Heater Is IEC Certified

• Indoor and Outdoor 
Installations

• Steam Generator 
Components Carry 
Applicable Certifications

• Control Panel 

• IEC Rated To 7.2kV

• UL Rated to 5kV
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Steam and Hot Water Generation with Resistance Heating Technology

Benefits of using resistance heaters vs electrode:

• Very little to zero water treatment required

• Able to utilize DI or de-min feedwater supply

• Electrical connections isolated from internal boiler vessel

• Simple control scheme based on outlet pressure sensor

• Corrosion resistant Incoloy sheathed heating elements

• Minimal maintenance due to zero moving parts required for 

operation

• 450 PSIG standard designs, up to 1000 PSIG custom designs 

available

Additional benefits of electric resistance heating technology go beyond zero onsite emissions 
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Liquid Heating

• Steam & Hot Water Generation

• Water/Glycol Solutions

• Thermal Fluids and Oil Based Products

• Hydrocarbon Liquids

• Chemicals, Acids, and Corrosive Materials

• Liquid Storage Tanks

Gas Heating

• Air and Nitrogen 

• Steam Superheating

• Fuel Gas and Hydrogen Blends

• Hydrocarbon Gas Superheating

Temperature Management

• Process Temperature Maintenance 

• Freeze Protection

• Space and Comfort Heating

• Power Control & Communication

CONFIDENTIAL | and/or source information

Electric resistance heating is a versatile and proven technology to replace, or supplement fired heating systems

Emission Reduction through Electrification
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Electric Resistance vs 
Fossil Fuel Based Systems
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A complete economic evaluation factors in more than just cost of energy

Fossil Fuels vs Electric Total Cost of Ownership

Thermal 
Conversion 

& 
Operational 

Efficiency

Parasitic 
Losses

Maintenance 
And 

Downtime 
Costs

Capital 
Expenditure

Emission 

& 

Carbon Costs
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Thermal Conversion For 
Electric Systems Is 100%

• Losses occur upstream 
through I2R losses in 
power wiring and through 
heat dissipation of power 
switching components

• Electric power can be 
derived from renewable 
energy sources

• No combustion, open 
flame, or gas exhaust

• Power to heater can be 
trimmed based on 
demand, so excessive 
energy is not wasted to 
heat dynamic loads

CONFIDENTIAL | and/or source information

Energy In = Energy Out

Efficiency of Electric Resistance Heating
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High precision control allows efficient energy use

How Are Electric Heaters Controlled

• Electric heaters can respond rapidly to dynamic loads by using Silicone controlled Rectifiers 

(SCR)

• And SCR’s capability to respond to demand signals is extremely quick. With Demand-Oriented-

Transfer (DOT) firing, the time scale is reduced to the minimum required to meet demand. This 

can be as short as a few milliseconds.

• Power is switched at the zero point (Zero Cross Firing) to prevent electrical noise, but other 

firing modes like Phase Angle are available for soft start or current limiting capabilities.

• Contactor control is possible as well, which offers ON/OFF switching. For stable processes this 

will work, or a hybrid SCR Trim control scheme allows switching on circuits with contactors and 

trimming a percentage of the load for dynamic response.

SCR CONTROL THEORY

TIME PROPORTIONAL

DOT FIRING

PHASE ANGLE FIRING



1818

Natural Heat Loss

• Electric heating elements 
are submerged so heat 
has nowhere to go except 
into the process

• <1% of energy is lost 
through convection and 
radiation losses in shell 
and attachments

• Electric allows compact 
design and is insulated to 
minimize losses

CONFIDENTIAL | and/or source information

99%+ of the energy is directly placed into the process

Electric Heaters Have No Parasitic Losses
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What is typical maintenance 
schedule for electric system?

Daily

• Blowdown

Monthly

• Inspect electrical connections 
for tightness

• Check water and steam lines 
for leaks

Yearly

• Inspect bundle and 
remove/clean if necessary

– Can be achieved in hours!

CONFIDENTIAL | and/or source information

Fewer components and equipment means fewer parts to maintain and opportunities for failure

Simplicity With Electric Heating Systems

Production Downtime

Major boiler maintenance overhauls are not typically needed for electric 

compared to fuel-fired under the same conditions, which allows plant 

operations to continue running profitably for more hours per year

1Strategex | To Cut or Not to Cut Products

https://strategex.com/insights/to-cut-or-not-to-cut-products
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Decreasing Cap & Increasing 
Cost

Electric Resistance Heating 
eliminates Scope 1 emissions. 
Depending on the comparative 
fuel types, this can equate to:

• Natural Gas = 465 tCO2/yr per 
1MMBTU

• Propane = 550 tCO2/yr per 
1MMBTU

• Fuel Oil = 650 tCO2/yr per 
1MMBTU

Carbon costs vary depending on 
applicable ETS clearing costs.

• RGGI (US) - ~$13.50 USD/ton

• British Columbia (Canada) -
~$50 USD/ton

• EU (Europe) - ~$85 USD/ton

CONFIDENTIAL | and/or source information

Governments globally are adopting cap-and-trade and carbon tax-based systems to incentivize decarbonization. 

The Impact of Carbon Emissions

1Strategex | To Cut or Not to Cut Products

https://strategex.com/insights/to-cut-or-not-to-cut-products
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Zero Emission Electric Heating
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DirectConnect
VS 

Low Voltage

3



44 CONFIDENTIAL | and/or source information

Core design can be vertically integrated into larger more complex systems

What Is Electric Resistance Heating

Simple Core Design Featuring Four Main Components

• Resistor (Ni Chrome Wire)

• Insulator (MgO)

• Container (Metal Sheath Tubing)

• Cold Pin and Termination

What Is Medium Voltage Electric Heating

• Same core concepts as low voltage but applies to voltages ranging from 
1000V to 7200VAC without the use of a transformer

• Chromalox patented DirectConnectTM Technology

Reference 5 - Pages 27 & 28 ©2016 Requirements Management: A Practice Guide
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Medium voltage provides significant reduction in amperage and increase in efficiency

Low Voltage vs Medium Voltage Elements

Low Voltage

• Up to 1000V (690V)

• Average Efficiency ~95.7%

• 0.475” Diameter Elements

• 0.028” Sheath Thickness

• 2,928V Hi Pot For 480V

• 3rd Party Certifications: UL, CSA, ATEX, 
IECex

• 1MW @ 415V = 1,493 Amps

• 1.4MW SCR Control Panel = 112”W x 
20”D x 90”H

Medium Voltage

• 1,000 to 7,200V

• Average Efficiency ~ 98.8%

• 0.994” Diameter elements

• 0.050” Sheath Thickness

• 15,400V Hi Pot For 6,600V

• 3rd Party Certifications: UL, ETL, ATEX, 
IECex

• 1MW @ 6.6kV = 88 Amps

• 1.4MW SCR Control Panel = 90”W x 30”D 
x 93”H Control Panel
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Takeaways:

• An increase in applied 
voltage leads to a 
significant drop in 
amperage

• Less amperage means 
fewer components and 
fewer wires

• Fewer wires leads to 
shorter installation labor

• A reduction in 
supporting components 
reduces maintenance 
and life cycle costs 

CONFIDENTIAL | and/or source information

Using ohms law, we know an increase in voltage leads to decrease in amperage for fixed resistance

How Does MV Reduce Installation Costs
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A look at how this translates in real world installation

DirectConnect MV – Installation Savings Compared to Low Voltage 

Significantly lower capex costs and 

increased energy efficiency through MV

Step-down transformers are a 

significant initial capex costs and 

generate significant power loss

Capex, installation labor, and long-

term maintenance/risk is much higher 

for the transmission system
Medium Voltage technology Traditional Low Voltage Solution



9 CONFIDENTIAL | and/or source information

DirectConnect MV – Partial Experience List
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Savings Are Realized In Multiple Areas

• Elimination of costly step-down 
transformers

• Reduced labor hours: 

– 1,270 hours for LV vs 70 hours for 
MV

• Conduit runs:

– 380V = 50 vs 6.6kV = 9

• Wired circuits:

– 380V = 63 vs 6.6kV = 3

• Increased Operational Efficiency

– 380V = ~95.7% vs 6.6kV = ~98.8%

• Reduced Maintenance Costs:

– LV = ~$238K vs MV = ~$40K

CONFIDENTIAL | and/or source information

Key Points From LV vs MV Cost Savings

Cost of Ownership 380V 6,600V Savings

Installation $1,752,900 $907,500 $845,400

Operating $4,070,400 $220,100 $3,850,300

Maintenance $179,600 $17,100 $162,500

10 Yr Life Cycle Costs $237,900 $39,900 $198,000

20 Year Costs $6,240,800 $1,184,600 $5,056,200

Annualized Costs $312,040 $59,230 $252,810

• We can see a decrease in amperage provides savings across multiple aspects of ownership, 

from initial installation to operating and life cycle costs.

• Chromalox DirectConnect Medium Voltage technology can provide significant annual 

savings
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Merci      |      Gracias       |       Obrigada

THANK YOU


