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What'’s the Score?

A Method for Quantitative Estimation of
Energy Use and Emission Reductions for

UV/EB Curing

By Ronald Golden, Ph.D.

number of case studies have
demonstrated that replacement
of thermally cured solvent
or waterborne inks, coatings and
adhesives with ultraviolet (UV)/
electron beam (EB) curing systems
can not only reduce uncontrolled
volatile organic compound (VOC)
release, but can also reduce energy
demand and greenhouse gas (GHG)
emissions by up to 90 percent.'¢
These results for individual industrial
applications provide a strong indication
that UV or EB technology should have
an impact on reducing energy use
and GHG emissions, but until now
no general methods for calculating
the quantitative significance of these
benefits have been proposed.
This paper outlines a method for
calculating a first-order estimate of
the relative energy requirements for

(Calculated from Coors data)

Energy demand in Btu/m? to decorate metal cans

W/B Thermal Curing | UV Curing
+ Incineration
Electricity 795.8 648.9
Natural Gas 2,452.6 0
Total Energy Demand 3,248.4 648.9
Electricity/Total 24% 100%
Energy Usage Ratio*

*The average of these ratios will be used later to calculate comparative
electrical and natural gas requirements and GHG emissions (Tables 7 and 9).
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thermal and UV/EB-curing of inks,
coatings and adhesives from a limited
number of prior publications that
include quantitative data for side-by-
side comparison of each process.
Using this method, it is possible to
calculate a total annual “sustainability
scorecard” benefit of radiation curing
for reducing energy use and GHG
emissions. The same methodology
can be generally applied to individual
curing installations that wish to
estimate energy demand and GHG
emissions for their particular case.

Quantitative Comparison of
Radiation and Thermal Curing
Two of the cited studies include
detailed quantitative data for side-
by-side comparison of the amount of
electrical and natural gas combustion
energy used by UV and thermal
curing in the same industrial process,
notably the “Coors” can coating study
published under a DOE/EPA jointly
funded NICE/3 Grant? and an adhesive
“eco-efficiency” study published by
BASF authors.? A previous publication*
analyzed the data from the BASF
case study to compare the normalized
energy demand to apply and cure
an adhesive on one square meter of
plastic film with thermal- and UV-
adhesive formulations. Another earlier
publication® summarized energy and
emissions data from the “Coors” study.
That data can be combined with the
surface area of a typical 12-ounce



Energy demand in Btu/m? to apply coated adhesive (calculated from BASF data)
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Solvent Thermal Curing | W/B Thermal Curing | UV Curing

+ Incineration

Electricity 430 1,400 508
Natural Gas—Curing 2,355 3,072 0
Natural Gas—VOC Incineration 1,024 0 0
Total 3,851 4,497 508
Electricity/Total Energy Usage Ratio* 11% 31% 100%

*The average of these ratios will be used later to calculate comparative electrical and natural gas requirements and
GHG emissions (Tables 7 and 9).

beverage can to calculate the energy
demand in Btu/m? required to apply

and cure inks and coating on a metal . .
substrate. As shown in Tables 1 and 2, Energy demand for UV/EB coating steel coil

the energy requirements to coat plastic i entietien e ey el e ey

film with adhesive at 20 g/m? were very Annual Operating Time 5,500 hr
similar t<? those reported for decorating Line Width 195m
and coating metal at about 3 to 6 g/m?. X .
A third study by Lapi A4 Mi Line Speed 90 m/min
rd stu apin and Minon
vy ,p ) Surface Coated/yr 37,125,000 m?
on a UV/EB/thermal pilot steel coil : :
L . . Coat Weight ca. 30 microns
coating line® provides additional -
. . Electrical Cost 0.065 €/kWh
support for a consistent ratio of the Electricity Costiyr? E R
normalized energy demand for UV/EB ectnicity OSUyr ——
. . . kWh/yr 2.45 million
and thermal curing of coatings. In this ‘ =
. . . Electrical Btu/yr 24.5 billion*
case, a multilayer primer and coating = )
were applied at a total of 25 to 30 g/m?. s tu/m — — 621
Based on annual operational hours for ee energy conversion factors in lable &.

the line, line width, line speed and the
estimated annual cost for electricity,

the energy demand for UV/EB curing from the Coors and BASF studies, Lapin and Minon reported that total
in this application is 661 Btu/m? even though the processes and types energy costs for conventional thermally
(Table 3). This value is in excellent of coatings and coat weights are quite cured coil coatings were between seven
agreement with the values calculated different for all three cases. and nine times higher than for the

UV/EB configuration,® putting these
in the range of 4,600 to 5,900 Btuw/m?,
again on the same order of magnitude
calculated from the Coors and BASF

Generic energy demand factors used in the

calculations studies. Although data from additional
Average Energy Demand Factor | Thermal | UV/EB quan.titative étu.dies would be desirable
Curing Energy Demand (Btu/m?) 4,200 600 to gain a statistical measure of the
- ; validity and degree of variation of
Electricity/Total Energy Usage Ratio 22% 100% .
the normalized energy cost to cure

UV/EB and thermal coatings, the
average values from the three published
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Annual surface area coated by UV/EB formulations
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2011 Volume
(1,000 M Tons)

Total Coated
Surface (Billion m?)

Market Segment

Applied Coat
Weight (g/m?)

Graphic Arts 59,730 2-15 13.8
Wood Finishes 23,200 10-60 1.22
Plastic Coatings 9,600 10-20 0.62
Adhesives and Silicone Release Coatings 7,045 0.5 to 40 2.45
Metal Decorating and Coating 3,775 3-30 0.66
Electronics 4,040 25-50 0.14
Miscellaneous* Not Included Not Included
Total Used for Calculation 107,390 18.9

*Miscellaneous UV/EB curing formulation volume in 2011 that is difficult to treat using this simplified coating model is
omitted, including optical fiber coating, printing plates, stereolithography/solid modeling, dental applications and
medical apparatus.

quantitative studies provide at least
an order of magnitude basis for

comparison (Table 4). . . .
Energy conversion factors used in the calculations

North American UV/EB Scorecard

1,024
RadTech regularly conducts a

10,000

Btu/cu ft of natural gas®
Benchmark Electrical Heat Rate in Btu/kWh?'©

survey of the total annual volume of
UV/EB-curing formulations sold in
North America. Table 5 shows how
the RadTech data can be combined

and the natural gas consumption and and million cubic feet of natural gas

with typical applied film weights for
various applications to calculate the
total annual surface area coated by
UV/EB formulations.

This annual coated surface area
can be combined with the generic
demand energy factors in Table 4

electrical generation factors in Table 6
to calculate an order of magnitude for
the annual energy savings achieved by
substituting UV/EB curing for thermal-
curing formulations that otherwise
would have been used (Table 7).

The breakdown for electrical MWh

is based on the average of the
Electricity/Total Energy Usage Ratio
noted in Table 4.

Greenhouse Gas Emissions

Government agencies publish data

on emissions from electricity generation

North American annual energy usage for coating equivalent surface areas

Curing Process | Million Btu Electrical Billion Cubic Feet of
Million MWh Natural Gas

Thermal 7.94E+7 1.75 60

UV/EB 1.13E+7 1.13 0

Annual UV/EB Curing Energy Savings -6.81E+7 -0.62 -60
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Greenhouse gas emission factors

120 | Ib. CO,/1,000 cu ft of natural gas combustion™

2,157

Ib. CO, Ea/MWh produced by coal (Calculated')

1,131 | Ib. CO, Eq/MWh produced by natural gas (Calculated')

1,644

Ib. CO, Eq/MWh produced by electrical power from a 50-50 mix of coal and natural gas*

*The actual mix of fuel sources for electrical power generation varies widely by region of the country. For these
calculations, the electricity generating fuel mix is assumed to be 50% coal, 50% natural gas and 0% other.

and from combustion of various fuels,
and these can be used to calculate
factors for emissions of carbon dioxide
and other greenhouse gases from
electricity generation (Table 8).

Based on the annual energy usage
values for UV/EB versus thermal curing
in Table 7, the average Electricity/
Natural Gas Usage Ratio and the
greenhouse gas emission factors in
Table 4 can be used to calculate total
annual carbon dioxide emissions from
each type of process. Table 9 shows
the annual reduction in GHG emissions
achieved by substitution of UV/EB

curing for thermal curing formulations.

Transport Sustainability Benefits
Finally, assuming an average solvent
and W/B thermal formulation percent
solids of 50%, transport of UV/EB
formulations requires half as much

diesel fuel and emits half as much
carbon dioxide. Table 10 estimates
the annual transport sustainability
benefit of 100% solids radiation-
curable formulations, using the volume
of shipments from Table 5 and the
following factors—20 MT shipped per
truckload, 22.2 pounds of CO, per
gallon of diesel fuel combustion,'® an
estimated 500-mile freight haul trip'*
and average diesel carrier fuel mileage
of 6.0 mpg."

General Application

While statistical analysis of data
from additional independent studies
still would be needed to confirm the
concept, based on the limited data
available, the order of magnitude
difference between thermal and
radiation-curing energy demand
appears to be relatively insensitive

North American carbon dioxide emissions for
coating equivalent surface areas

Curing Process

CO, Emissions

(Million MT)
Thermal 4.60
UV/EB 0.85
Annual UV/EB CO, Reduction -3.75

to the type of printing or coating
process, and to the applied coat
weight. Companies that would like to
quantify energy savings and emissions
reductions to support their own
sustainability programs, or those who
are deciding between thermal and
UV or EB processes for new
installations, can use the same
methodology to estimate order-of-
magnitude comparisons between the
two types of processes.

Conclusions

Analysis of energy demand data
from three completely different
side-by-side comparative case studies
shows quite consistent differences in
normalized energy requirements in
Btu/m? required to coat one square
meter of substrate using thermal and
UV/EB-curing processes. Overall,
thermal-curing energy requirements
consistently were found to be five to
nine times higher than UV/EB curing in
the same processes.

Based on these findings, average
order-of-magnitude estimates for
UV/EB versus thermal-curing energy
demand were used in combination
with 2011 North American market data
reported by RadTech to calculate a
“Sustainability Score” for UV/EB
(i.e., the total energy savings
and greenhouse gas reductions
achieved when UV/EB was used in
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surface areas

Annual transport fuel and carbon dioxide emissions for coating equivalent

Formulation Type

Diesel Fuel (gal)

| CO, Emissions (Thousand MT)

Thermal 4.47E+05 4.52
UV/EB 2.24E+05 2.26
Annual UV/EB Transport Savings -2.23E+05 -2.26

place of comparable thermal curing
alternatives). The method can also be
applied to individual curing installations
to aid in estimating and/or reporting
energy savings and emission reductions
achieved by using or switching to UV/
EB systems.

Data from more studies will be
required for statistical treatment, but—
for the moment—the results suggest a
general method for at least an order-of-
magnitude comparison of thermal and
UV/EB-curing energy demand. b
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