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US. CHEMICAL
MANUFACTURING
INDUSTRY'S ENERGY THE CHEMICAL
OF END-USE
EReE D CONSUMPTION IS ABOUT MANUFACTURING
$ 3 3 INDUSTRY CONSUMES THE
EQUIVALENT OF ABOUT
M

32%

OF THE TOTAL
ENERGY CONSUMED
INTHE UNITED STATES
POWERS INDUSTRIAL
OPERATIONS.
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INVESTMENT INR&D TO

ACHIEVE THE PRACTICAL
LOWER LIMIT FOR ENERGY

USE COULD REDUCE THE
SCCIMPACT BY MORE THAN
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BILLION

PER YEAR.ADOPTING
CURRENT STATE-OF-THE-
ART ENERGY MANAGEMENT
PRACTICES COULD REDUCE
ITS SCC IMPACT BY NEARLY

MEGAWATT HOURS (MWh)
OF ENERGY, WHICH ACCOUNTS
FOR JUST MORE THAN

OF THE TOTAL ENERGY IN
THE DOE STUDY. ACCORDING
TO THE DOE, THE CHEMICAL
MANUFACTURING INDUSTRY
COULD REDUCE ITS
ENERGY BUDGET TO ABOUT
720 MILLIONMWh, A

%
24%
REDUCTION, BY EMPLOYING

CURRENT INDUSTRY BEST
PRACTICES.
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K. FRETRRTRERERBRNEN

Chemical Petroleum Pulp and
manufacturing refining paper

Study year 2015 2015 2007 2015
Current consumption in TWh-eq (10" Wh) 944 931 365 618
State of the artin TWh-eq (10" Wh) 720 808 289 482
Practical minimum in TWh-eq (10" Wh) 362 575 170 439
Current energy cost (U.S5.$ billions @ $0.066/kWh) $62.3 $61.4 $24.1 $40.8
Savings with current state-of-the-art practices (U.5.$ billions ® $0.066/kWh) $14.8 $8.1 $5 39
Savings with R&D to achieve practical minimum (U.S.$ billions @ $0.066/kWh) $38.4 $23.5 $12.9 sn.e
Current carbon emissions (millions of mt of CO,-e) 667.6 658.1 258.2 437.2
z:ﬁlu::‘:l ::::::Fegg]s_l:)m with current state-of-the-art practices 1587 a7 x5 045
(R’:idlln:::::::rl‘:::’:eg&s_gns with R&D to achieve practical minimum T o o '
Current social cost of carbon (U.S.$ billions at $50/mt) $33.4 $32.9 $12.9 $21.9
SCC savings/year: current ion to state of the art ($ billions @ $50/mt) $7.9 $4.4 $2.7 $4.8
SCC savings/year: current ion to practical mini (s billions @ s50/mt) $20.6 $12.6 $6.9 $6.3
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1. BRESHaEmnaERE

A blood cell-sized film of lubricant separates loaded machine surfaces,

which reduces friction, wear and energy

Rolling element load distrbution:
Momentary rolling contact loads can
as high as

be

small to cause damage

Raceway load
distribution

Rolling element load distribution

-

high as 500k psi or 35k MPa : |[
Clean oil—particles are too [} 1-5 um lube film thickness

)
AL S

Source: Drew D. Troyer, Focus on FLAB With Proactive and Precision Maintenance—Coursebook, Sigma-Reliability SolutionsfT.A. Cook Consultants, 2014-2020.
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2. HmIRE

Me-chanical loose-
ness, misalignment,
unbalance and

resonance produce d \

vibration and
increasa the load an

the lubricant film...
\L }Elch can over-

N / whelm the lubricant’s
film strength, causing
surface-to-surface
contact, friction, wear
and energy waste.

Soures; Draw . Troyer, Focus on FLAB With Praactiva and Precision Maintanance—
Coursebook, Sigma-Reliability Solutions/T.A. Cook Consultants, 2014-1020.
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Particle and water contamination increase friction in mechanical systems

Load concentrated via

Clearance-sized particles compromise

the oil film, concentrating the load R
and increasing the force on the — /
bearing contacts.

Dirty oil

the hard particle

Water does not possess oil's property

whereby viscosity increases as a
function of pressure.

Rolling element load
distribution /\

\

The extreme contact load causes fatigue
cracks to form, which leads to pitting
and eventual spalling and failure.

MNormal rolling
| element load
4 distribution

Race way Io\ad\k\/ Even small amounts of water con-
distribution an c

o
pressure-viscosity relationship, which
leads to surface-to-surface contact,
friction, wear and energy waste.

Source: Drew D. Troyer, Focus on FLAB With Proactive and Precision Maintenance—Coursebook, Sigma-Reliability Solutions/T.A. Cook Consultants, 2014-2020.
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Visual comparison of laminar and turbulent flow regimes
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