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Chiltrix Inc. Comparison of R32 to R454B

R32 Has Higher Coefficient Of Performance (COP) and Energy Efficiency

COP measures how effectively a heat pump converts electrical input into heating or
cooling output—the higher, the better. R32 typically delivers a 5-12% higher COP than
R454B in comparable systems, thanks to its superior thermodynamic properties,
including higher critical temperature (78.1°C vs. R454B's ~75°C) and better volumetric
efficiency. This means R32 heat pumps consume less electricity for the same output,
lowering operating costs (e.g., 10—-15% savings on utility bills over time) and reducing
indirect CO2 emissions from power generation.

For example, lab tests show R32 providing over 107% efficiency relative to R410A
baselines, compared to R454B's 102%. In cold climates (like parts of the U.S. Northeast),
R32's higher heating capacity (up to 10% more than R454B) maintains performance at
lower ambient temperatures without auxiliary heaters kicking in as often. While both
outperform older R410A, R32's edge in COP makes it ideal for energy-conscious
applications, such as net-zero homes or regions with high electricity rates.

Lack of Temperature Glide for R32 Provides Better Heat Transfer

Temperature glide refers to the variation in evaporation or condensation temperatures
across a heat exchanger due to the different phase change points (boiling points) of a
zeotropic refrigerant’s blended components. R454B is a zoetrope, with a “glide” of about
5-6°C (9—11°F), which can complicate system design and reduce heat transfer efficiency,
as the refrigerant doesn't maintain a consistent temperature during phase changes. This
often requires larger heat exchangers or adjustments in controls to compensate,
potentially leading to uneven performance in heat pumps, especially in variable-load
scenarios like partial heating demands.

R32 is an azeotropic (pure, non-blended) refrigerant with zero temperature glide since it
is a single-component fluid, enabling more uniform heat transfer and simpler, more
compact system designs. This results in better overall thermal efficiency, particularly in
air-to-water or air-to-air heat pumps where precise temperature control is key for
radiant heating or domestic hot water production. Studies from manufacturers like
Daikin and Purdue University indicate R32 systems can achieve 4—-10% better heat
transfer rates in real-world conditions.
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R32 Has No Preferential Leakage or Composition Changes

In zeotropic refrigerants like R454B, "preferential leakage" (also called fractionation)
occurs because the components have different vapor pressures and boiling points.
During a leak, the more volatile component evaporates earlier and escapes faster than
the less volatile components leaving a larger percentage of other components behind.

Over time, this will alter the refrigerant's composition by reducing efficiency, increasing
flammability risks (as the blend shifts toward higher concentrations of the more
flammable component), or render the system inoperable without a total evacuation and
fresh recharge.

Additionally, molecular weight (mass) can influence preferential leakage via ongoing and
unfixable leaks, through molecular-scale pores, often taking a long time to affect a
system charge such that it would be noticed but nonetheless changing the chemical
formula and effectiveness of the remaining fluid. The is the effect of Graham's Law of
Effusion, where the rate of gas escape is inversely proportional to the square root of the
molecular weight. Lighter molecules effuse faster than heavier ones and leak
preferentially contributing to fractionation. In a zeotropic refrigerant such as R454B, the
molecules are not all the same molecular weight. In a Azeotropic refrigerant such as R32,
all the molecules are identical.

R32, being a pure, single-component refrigerant, eliminates the above risks entirely—no
composition changes occur from leaks, making it more stable and dependable over the
heat pump's lifespan (typically 15-20 years). This simplifies maintenance, as technicians
can top off R32 without worrying about matching the original blend ratio, unlike R454B,
which also must be charged as a liquid to minimize (but cannot stop) fractionation. Field
data from global installations (over 160 million R32 units worldwide) shows fewer
composition-related failures for pure refrigerants compared to blends.

As you may correctly surmise, once a R454B leak has been detected and repaired, the
only way to assure that the refrigerant blend is correct is to replace all of it with a costly
fresh complete charge and discard (recycle) whatever refrigerant remains in the system.
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Additional Advantages of R32 Over R454B
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R32 Has Lower Refrigerant Charge and Costs: R32 systems require about 10-20%
less than R454B for similar capacity, reducing any replacement costs and
environmental risk from leaks.

R454B contains "forever chemicals": R454B is a blended refrigerant made up of
68.9% R32 (difluoromethane, which is not a PFAS) and 31.1% R1234yf (2,3,3,3-
tetrafluoropropene). R1234yf is classified as a PFAS under definitions used by
regulatory bodies like the European Union (EU) and some U.S. states. PFAS are
known as “forever chemicals” because they persist in the environment, do not
break down easily, and can accumulate in water, soil, air, and in living organisms,
potentially leading to health and ecological concerns

R32 Simpler Servicing and Reclamation: As a non-blended refrigerant, R32 can be
charged in gas or liquid form without special equipment, and it is easier to
reclaim or recycle on-site (fewer steps than blends). This cuts service time and
costs, with no patent restrictions limiting supply—R32 is a commodity produced
globally, often 10-15% cheaper per pound than R454B.

R32 Lower “True” GWP / Life Cycle Climate Performance (LCCP): R32 has a GWP
of 675, while R454B has a GWP of 466, a difference of 31%. While R454B does
have a lower GWP than R32, R32 demonstrates a slightly better (lower) LCCP in
typical HVAC applications like heat pumps and air conditioners. GWP is useful but
limited—it's like rating a car's engine by fuel type alone, ignoring miles per gallon,
driving habits, or total lifetime emissions. GWP is a quick regulatory snapshot.
LCCP is the true environmental scorecard for picking winners in the real world—
where efficiency, not just chemistry, rules.

R32 Proven Maturity and Global Adoption: R32 has been in widespread use since
2012 (over 160 million units in 100+ countries, including Europe and Asia),
providing a robust history for reliability in heat pumps. R454B is newer with
limited field data, potentially increasing risks for early adopters.



