• white paper • white paper

• white paper • white paper •

energy and environmental technologies
author: dennis long & roly juliano

Electrification and Medium Voltage
Process Heater Systems

Summary:
Decarbonization efforts worldwide, led both by industry leaders and legislation,
have increased efforts to shift fossil fuel use to renewables. One way many
industrial organizations can embrace this – and already have – is by shifting
process heater systems from fuel-burning to electric.
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There is a sea-change occurring when it comes to process heating. Pressures to electrify all industrial
processes are increasing, from governments, non-profits and business leaders alike. However, the
transition from gas to electric process heating is not as simple as throwing a switch. This article presents,
in broad brush strokes, how that transition can occur (and why it should happen sooner rather than
later).

The Market Pull Toward Electrification and Decarbonization
According to the U.S. Environmental Protection
Agency (EPA), a substantial portion of global
greenhouse gas emissions (21% as of 2010) comes
from industrial sources burning fossil fuels. Much of
this energy is burned on-site for energy and heating
needs; in fact, the U.S. Department of Energy’s
Energy Information Administration estimates that the
industrial sector uses approximately 24 quadrillion
BTUs of heat per year, or roughly one-third of the
nation’s delivered energy supply. Process heating
applications alone account for 36% of total delivered
energy consumption within the manufacturing
sector.
Thus, the pressures are mounting to decarbonize and electrify, where possible. These pressures are
coming not just from governments, but from non-profits and business leaders as well. For example:
•

In 2015, the historic Paris Agreement is signed, with countries agreeing to curb the increase in
global average temperature well below 2°C, and pursuing efforts to limit the temperature increase
to 1.5°C. That same year, the Deep Decarbonization Pathways Project (DDPP) suggests fuel
switching as a key part of any strategy to reduce carbon emissions.

•

In 2017, the U.S. Department of Energy published a report analyzing U.S. energy use and
greenhouse gas emissions in scenarios where there is widespread electrification and solar power
decarbonization.

•

In 2018, the Bank of England put out a statement saying that the financial sector has been “too
slow in divesting investments into fossil fuels” and warned that assets could become useless.
Two years later, BlackRock leads several firms that begin divesting themselves of companies that
are not addressing climate change.

•

After years of protests, 17,000 Dutch citizens sue Royal Dutch Shell in 2019. In May 2021, a
Dutch court ruled that the company must dramatically reduce its carbon emissions by 45%
compared to 2019 levels.

As a result of these pressures, industry has been quickening the pace of decarbonization of their
operations. In a recent survey, Watlow® found that over 90% of respondents in the gas and oil industry
have developed, or are in the process of developing, a long-term strategy to reach sustainable, lowcarbon site statuses.
1 For

more on these trends, see our article “‘Greening’ Industry Through Innovative Process and Environmental Technologies: 2020 Report”
and “A Fresh Look at Accelerating Electrification and the Role that Thermal Plays”.
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The Electrification of Heat
Electrification of processes – and more specifically, process heating – is one of the key strategies for
addressing climate change concerns in oil and gas. This requires shifting to electric heat exchangers
in several applications. These electric heaters do not burn fossil fuels and can be powered via
renewable energy sources.
Electric heat exchangers are no stranger to oil and gas operations. But historically, they have been used
only in applications with a name plate under 1 MW (for example, glycol reboiler heaters, knock-out drum
heaters, seawater heaters, fuel gas heaters and preheaters, lube oil and seal gas heaters, etc.). Gas-fired
process heaters are still used in several ways, since the BTUs requirements for some of these processes
can only be met by electric heaters with a much higher wattage. Some examples include:

•

Feed/Product Exchanger, 2 MW

•

Hot Oil Heater, 32 MW

•

Dehydration Inlet Preheater, 3 MW

•

LNG Vaporizer, 34 MW

•

Heater Treater, 4 MW

•

Thermal Oxidizer, 54 MW

•

Molecular Sieve Regen, 6 MW

•

Hot Water Heater, 56 MW

•

Waste Gas Heater, 6 MW

•

Crude Heater, 150 to 200 MW

•

Once-Thru Steam Generator, 20 MW

•

FCC Heaters, 150 to 200 MW

•

Crude Oil Heater, 28 MW

Fuel gas heater for a gas turbine

Gas turbine energy station
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Currently, there is a large and growing potential to use electric heaters for applications requiring more
than 1 MW but less than 15 MW (see below). These span several areas, including oil and gas production,
but also:
•

Renewable fuel production: Hydrocarbon biofuels
that are chemically identical to petroleum gasoline or
diesel, but produced from biomass sources through
various biological, thermal and chemical processes.

•

Ammonia production: Ammonia produced using
hydrogen from water electrolysis (green ammonia),
fossil hydrogen (grey ammonia) or natural gas
feedstock (blue ammonia).

•

Carbon recycling: Methanol created from carbon dioxide captured from industrial exhaust
combined with hydrogen (either collected from industrial waste gas or, alternatively, from water
through electrolysis).

•

Distillation column and/or fractionation column reboilers: Electrical generation using
energy supplied by the reboiler system of a distillation or fractionation column.

Besides reducing the use of fossil fuels, electric heaters and heat exchangers have other welldocumented advantages as well:
•

Less thermal lag: Temperature is controlled through direct application of electricity.

•

Safer operation: No fossil fuels to burn or combust.

•

More uniform distribution of heat: More control of the current means more control of the
heat.

•

Smaller overall footprint: There is no need for storage of heating oil, for example, or
transporting it from stage to stage.

Electrify Your Thermal System
to Reduce CO2 Emissions
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Medium Voltage Electric Heaters
One of the biggest developments in the area of electrification for process heating is in reliable mediumvoltage process heating systems. The solutions being developed by Watlow can tap directly into
medium-voltage lines of up to 7,200 volts, reducing the need for large step-down transformers, circuits
and cabling, which can significantly reduce installation, operation and maintenance costs.
Reduction in Cable Size and Number of Branch Circuits, 7.5 MW Heater Example
Megawatts

Voltage Supply, AC

Phase

Total Amperage

Branch Circuits
Required

Connection Cables
Required

7.5

690

3

6275

131

393

7.5

4160
USA

3

1040

21

63

7.5

6900
IEC

3

627

13

39

Note that, in addition to the large reduction in the number of connection cables, the heat generated by
cabling inside the electrical heater enclosure and the control panel, which is a common failure mode for
electric heat exchangers, is greatly reduced. Medium-voltage electric process heating systems also offer
the safety advantage of no flames or combustion used in their operation—power is simply applied to the
unit’s heating elements, which come into direct contact with whatever is being heated, making the heat
flux highly efficient.

Can Electric Really Pull Its Weight?
Yes. What matters most in achieving process heating parameters is not the
method of heating, but the heat flux of the heating surface. When it comes
to these kinds of applications, electric heaters can safely achieve operating
temperatures comparable to gas-fired heaters and with better uniformity and
control.
Watlow has been a world leader in innovative heat exchanger design, introducing
its POWERSAFE™ integrated medium voltage control and heating solution.
POWERSAFE offers longer heater life, allowing you to confidently replace fossil
fuel solutions with a clean electric solution. It also meets the necessary agency
requirements to help make your process safe and reliable.
Wattage size requirements for electric thermal equipment have been on the rise.
This makes medium voltage solutions attractive because they reduce overal installation costs for the
customer compared to low voltage eletric heaters. Watlow’s POWERSAFE medium voltage solution
lowers this cost by eliminating unnecessary cables and additional transformers. In this way, Watlow is
contributing to the decarbonization needs of many industries that, historically, have had the greatest
challenges when it comes to controlling emissions.
For more information about Watlow’s technologies and how we are helping others to improve their sites’
impact on the environment, contact us.

Further information is available at: www.watlow.com
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