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Efforts to contain the spread of Covid-19 have had mixed success and 
the threat of a new wave of contagion will remain until a vaccine can 
prevent infection and transmission. Scientists are racing to produce a 
successful inoculation with more than 160 vaccine efforts in progress 
worldwide, according to the World Health Organization. Several vaccines 
have completed successful phase 1 trials. One promising vaccine by U.S. 
biotech firm Moderna has entered the third and final phase of testing in 
July involving 30,000 participants.

We assume that scientists will eventually gain control of the virus. 
How the Covid-19 shock will redesign our world is less obvious. Will the 
environment take a back seat to an economic recovery? Or will a massive 
government response pre-empt a more rapid transition to new energy?

Inside this issue of F+L Magazine, we consider a post-Covid-19 world. On 
page 6, we evaluate how Covid-19 has decimated airline travel and what 
historic self-preservation measures undertaken by airlines mean for 
sustainable aviation fuels (SAF). We also review recently approved SAF 
production pathways.

A Global Electric Vehicle Outlook scenario projects there could be as 
many as 245 million electric cars in the worldwide car parc in 10 years. 
On page 10, we analyse how our Covid-19 response will shape the pace of 
transition to electric vehicles amid calls for a recovery effort that focuses 
on vehicle efficiency. 

The immediate impact of Covid-19 on the lubricant industry has been 
pronounced, leaving many companies struggling to balance demand 
volatility, production, and stocking levels — and how to structure supply 
chain assets to capture new value opportunities. On page 14, we examine 
a unique opportunity for independent lubricant manufacturers to capture 
market share in a declining market.

While some countries pursue net-zero emissions goals, on page 
40, we take a reality check as the negative impacts of climate change 
become more pronounced. Current plans and policies will lead to a global 
temperature rise of 2.5% in the second half of the century, according to 
the inaugural Global Renewables Outlook released by the International 
Renewable Energy Agency (IRENA). Hydrogen is destined to play a central 
role in the worldwide energy transformation. On page 36, we review 
the European Commission’s recently published hydrogen strategy for a 
climate-neutral Europe.

On page 22, we look at the opportunity for robust, long-lasting 
superlubricity in real-world industrial applications. Could superlubricity 
completely supplant oil as a lubricant in some industries? We speak to 
Dr. Anirudha Sumant, group leader of nanofabrication and devices at 
the Center for Nanoscale Materials, a U. S. Department of Energy User 
Facility at Argonne National Laboratory (ANL), a global pioneer in the 
research of superlubricity.

A post-Covid world…

Vicky Villena-Denton
Editor-in-Chief & CEO

EDITORIAL
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The Covid-19 pandemic 
has decimated airline 
travel. Every region has 
experienced evapora-
tion of demand that has 
left airports empty and 
aircraft parked. Airlines 
have been forced into 
self-preservation mea-
sures to reduce cash 
burn and remain afloat 
including historic capacity 
cuts, redundancies, sale 
of assets, retiring older 
aircraft and simplification 
of onboard products. 

Some airlines have not 
survived. On the 3rd of 
June, an update on the 

impact of Covid-19 from 
Airlines for America (A4A), 
the industry trade organi-
sation for the leading U.S. 
airlines, highlighted four 
U.S. and a dozen non-U.S. 
operators that have expe-
rienced bankruptcies or 
shutdowns since the 1st of 
March. While A4A data in-
dicates the number of idle 
aircraft may have peaked 
in Mid-May, demand for fu-
ture U.S.-related air travel 
was down 85% in the week 
ending the 24th of May.

Covid-19 has left U.S. 
carriers highly leveraged 
and staring down the 

barrel of a long recovery 
as passengers, under-
standably, put health 
concerns ahead of travel 
aspirations. It took more 
than seven years for pas-
senger volumes to fully 
recover from the Global 
Financial Crisis. Cargo 
took a decade. Even when 
air traffic resumes after 
the sharpest economic 
contraction since World 
War II, low-yield transport 
is likely the first wave of 
demand. 

While airlines have 
been haemorrhaging 
cash, lower jet fuel prices 

provide slight relief for 
operators. A supply glut 
of aviation fuel has forced 
producers to discount 
fuel to incentivise uptake. 
What does this plentiful 
supply of cheap jet fuel 
mean for the aviation 
industry’s sustainability 
agenda?  

On the 6th of May, the 
Commercial Aviation 
Alternative Fuels Initiative 
(CAAFI) held a webinar on 
the State of Sustainable 
Aviation Fuel (SAF). Exec-
utive Director Steve Cson-
ka expressed confidence 
in the enduring value 

Sustainable aviation fuels in the 
midst of the Covid-19 pandemic
Will airlines have to choose between survival or sustainability?
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proposition of civil avia-
tion — and in sustainable 
fuel’s role in that future. 
The CAAFI representative 
emphasised key guiding 
principles of sustainabili-
ty, availability worldwide, 
and creating a pathway to 
competitive pricing.

Aviation has adopted 
ambitious targets for the 
reduction of carbon diox-
ide (CO2) emissions from 
air transport, including 
a cap on net aviation CO2 
emissions from 2020 and 
a reduction in net avia-
tion emissions of 50% 
by 2050, relative to 2005 
levels. Improving aviation 
technology, which incor-
porates the deployment 
of sustainable low-carbon 
fuels, is a principal pillar 
to achieving these goals.

The airline industry has 
not taken its focus off the 
need for SAF, says Cson-
ka, citing new producer 
explorations and out-
reach; airport instigation 
of broader engagement 
by state governments; 
third party explorations; 
and heightened gov-
ernment interest. The 
industry is also working 
on a policy approach to 
level the playing field with 
diesel fuel and to enable 
petro-jet price parity, he 
says. 

Any activity that fosters 
support for alternative 
fuels is encouraging. 
However, there is no 
avoiding the dire situation 
confronting the aviation 
industry. Survival is of 
paramount importance. 
You could forgive opera-
tors for parking their sus-
tainability plans during 
these uncertain times. 

There is significant 

interest from commercial 
and business aviation 
in acquiring SAF sup-
ply. Though, adoption of 
sustainable fuels is your 
classic chicken and egg 
situation, says Csonka. 
Airlines can only pur-
chase initiating volumes 
of SAF due to high pricing; 
whereas SAF pricing is 
unlikely to drop until high-
er production volumes 
are achieved. CAAFI be-
lieves airlines will buy all 
available SAF when it is 
competitively priced. Ad-
ditional policy support is 
warranted but not broadly 
forthcoming, he says.

The current supply of 
SAF is limited. In the Unit-
ed States, where there 
have been four years of 
sustained commercial 
SAF use, there is just 
one notable SAF produc-
tion facility remaining 
in operation, with two 
more under construction. 
Renewable diesel fuel 
is favoured in policies, 
says Csonka.  Operations 
at renewable chemicals 

and advanced biofuels 
company Gevo’s biorefin-
ery in Luverne, Minne-
sota, U.S.A., have been 
suspended due to market 
impacts associated with 
the Covid-19 pandemic. 
Though, the company 
continues to produce 
some renewable gasoline 
and jet fuel at its Silsbee, 
Texas, U.S.A.,  plant.  

During his presen-
tation, Csonka detailed 
improvements to the 
aviation fuels qualification 
process that will enhance 
the availability of SAF. 
Several emerging tech-
nologies offer potential to 
lower costs or increase 
value by enabling plen-
tiful feedstocks, or by 
finding higher value for 
production slipstreams or 
by-products. 

Seven SAF production 
pathways have now been 
accepted through the 
current aviation approval 
process, representing a 
broad range of feedstocks. 
ASTM D7566 Annex A6 
was published on the 29th 

of January and establishes 
criteria for the production 
of catalytic hydrother-
molysis jet fuel (CHJ), a 
type of synthetic kerosene 
derived from fatty acids 
and fatty acid esters. The 
developer, Euglena Co., 
Ltd, completed the con-
struction of Japan’s first 
demonstration plant for 
the production of renew-
able jet and diesel fuel on 
the 31st of October 2018. 

The most recently 
approved fuel is ASTM 
D7566 Annex 7. Balloting 
was completed on the 
2nd of April 2020, with the 
pathway published in May 
2020. The annex quali-
fies a type of synthesized 
paraffinic kerosene from 
hydrocarbon-hydropro-
cessed esters and fatty 
acids (HC-HEFA-SPK). 
The fuel was developed by 
Japan’s IHI Corporation, a 
comprehensive heavy-in-
dustry manufacturer that 
produces ships, aircraft 
engines, industrial 
machines, power station 
boilers and more. 
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Annex 7 was the first 
pathway to utilise the 
Federal Aviation Admin-
istration’s (FAA) D4054 
Clearinghouse as well as 
a new Fast Track Annex. 
Established in 2017, the 
D4054 Clearinghouse 
provides a single prima-
ry focal point to conduct 
evaluations of prospective 
alternative fuels. The 
fast track option allows 
conventional hydrocarbon 
compositions to forgo 
much of the regiment-
ed testing that might 
be required in standard 
approvals. Though, fuels 
utilising this annex are 
subject to a maximum 
blend limit of only 10%.

Csonka also highlight-
ed collaboration with 
the petroleum industry 
to expand the feedstock 
definitions in ASTM 
D1655, the standard spec-
ification for aviation fuels. 
The co-processing of fats, 
oils and greases has been 
approved, and FT Bio-
crude co-processing was 
also passed at the end of 

March, he says. 
Utilisation of knowledge 

gleaned from the National 
Jet Fuel Combustion Pro-
gram (NJFCP) to facilitate 
fuel qualification is a fur-
ther initiative outlined by 
Csonka. The objective of 
the NJFCP fuels program 
is “to develop combus-
tion-related generic test 
and modelling capabil-
ities that can improve 
the understanding of the 
impact of fuel chemical 
composition and physical 
properties on combustion, 
leading to accelerating 
the approval process of 
new alternative jet fuels,” 
according to the Aero-
space Research Central 
website. 

Application of NJFCP 
may provide OEMs more 
confidence to limit some 
of the mandated testing, 
providing time and cost 
savings and freeing up 
scarce testing resourc-
es. Csonka suggests the 
results of the multi-year 
collaboration may lead 
to changes in the D4054 

process. He says 19 
fuels are currently being 
evaluated under NJFCP 
methods.  

CAAFI has a “fun-
damental interest in 
working with very early 
fuel readiness level con-
cepts.” The organisation's 
R&D team has initiated 
alternative jet fuel  (AJF) 
pre-screening which 
includes a two-tier fuel 
pre-screening process to 
continue to optimise time 
and effort in the devel-

opment of SAF. Testing 
requires only 500ml of 
neat fuel for limited and 
targeted tests that might 
save voluminous fuel and 
cost requirements.

CORSIA is a global 
market-based measure 
that was adopted by the 
191 member states of the 
International Civil Aviation 
Organisation (ICAO) on 
the 6th of October 2016. 
The scheme monetises 
carbon through the use 
of offsets — enabling SAF 
users to reduce the level 
of offsets required for an 
individual obligated party. 
ICAO is currently in the 
process of finalising the 
implementation of COR-
SIA, says Csonka.

The volume of activi-
ty from fuel producers 
appears promising, and 
the general feeling is that 
SAF manufacturers have 
the cash levels to weath-
er the current crisis. 
Whether airlines continue 
to adopt SAF in the short 
term remains to be seen. 
Perhaps, with the stroke 
of a policy pen, things 
could change significantly 
tomorrow, says Csonka. 
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The global fleet of elec-
tric cars surpassed seven 
million in 2019, a 40% 
increase in total volume, 
according to figures pub-
lished in the International 
Energy Agency’s (IEA) 
Global EV Outlook 2020. 
In 2019, 2.1 million new 
electric cars were sold as 
consumers increasingly 
opted for an expanding 
range of climate-con-
scious, energy-efficient 
vehicles. Battery Electric 
Vehicles (BEV) comprised 
67% of the world’s elec-
tric car fleet in 2019.

Electric cars repre-
sented  2.6% of global car 

sales and now account for 
1% of global stock. China 
continues to be the spear-
head, delivering 47% of 
worldwide sales in 2019. 
Twenty countries have 
now achieved market 
shares above 1%, accord-
ing to The Outlook. 

IEA is an autonomous 
intergovernmental organ-
isation with a mandate on 
effectual energy policy, 
and a particular focus on 
energy security, economic 
development, and envi-
ronmental protection. 
IEA’s annual Global EV 
Outlook provides an over-
view of recent electric 

mobility developments 
including policy updates, 
charging infrastructure, 
emissions impacts, and 
battery technology. The 
Outlook also provides 
projections on electric car 
sales to 2030.

The report’s headline 
numbers paint a prom-
ising picture. Though, 
the raw numbers mask 
what has been a signifi-
cant drop in the growth 
of electric vehicles. Since 
2016, annual sales growth 
rates of more than  30% 
have been attained. Thus, 
2.1 million new vehicles 
last year equate to a me-

diocre growth rate of 6%, 
indicating a significant 
slowdown in electric car 
uptake. 

Falling growth rates 
have been attributed to 
an overall contraction in 
the car market, reduc-
tions in subsidies in key 
markets such as China 
and the United States, and 
consumer expectations 
of further technology 
improvements that are 
persuading them to wait 
for newer models. 

There has been a nota-
ble reduction in govern-
ment spending on electric 
car incentive schemes as 

Covid-19 response will influence the 
pace of transition to electric vehicles

Photo courtesy of Tesla Inc.
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well. Government expen-
diture contracted by 15% 
in 2019. China reduced 
purchase subsidies by 
up to a half, part of a 
phase-out of subsidies 
that began in 2016. Many 
countries are shifting 
from direct subsidies to a 
policy approach to electric 
vehicle adoption. China’s 
move foreshadowed a 
significant drop in electric 
car sales towards the 
back half of the year. The 
U.S. experienced a 10% 
drop in electric car sales, 
though it should be noted 
that 2018 figures included 
a surge in deliveries of the 

new Tesla Model 3. The 
U.S. federal tax program, 
that applies tax credits 
to electric car sales up 
to 200,000 units, also ran 
out for some manufactur-
ers. Declines in these key 
markets outshone a 50% 
sales increase in Europe 
last year.  

In 10 years, there will 
be 245 million electric 
cars  in the world vehicle 
parc. This, according to a 
scenario outlined in the 
IEA Global EV Outlook. 
The Sustainable Devel-
opment Scenario (SDS) 
is intended to achieve a 
sharp reduction in pollut-
ants and aligns with the 
climate goals of the Paris 
Agreement. SDS also 
incorporates the goals 
of EV30@30 Campaign, 
which sets a collective 
goal of reaching a 30% 
sales share for elec-
tric vehicles by 2030 for 
participating countries. 
Adding 238 million more 
electric cars to the global 
fleet requires sustained 
annual growth of 36% 
over the next 10 years. It 
will also result in the dis-
placement of 4.2 million 

barrels per day (mb/d) of 
gasoline and diesel fuel.

Is this scenario realistic 
when you consider slow-
ing vehicle sales growth 
and the potential impact 
of the Covid-19 pandemic? 
Some experts believe the 
repercussions of a deep 
global recession could 
linger for many years to 
come. A report on “The 
Impact of Covid-19 on the 
Energy Transition” by DNV 
GL projects that the pan-
demic will reduce global 
gross domestic product 
(GDP) in 2050 by 9%, 
relative to pre-pandemic 
levels, with an associat-

ed reduction in energy 
demand of 8% in the same 
period. Ominously, for the 
transport sector, DNV GL 
expects transport energy 
use will never again reach 
2019 levels due to last-
ing behavioural changes 
linked to Covid-19 — such 
as reduced commuting 
habits and less office 
work.

IEA’s “Stated Policies 
Scenario” (SPS) incor-
porates existing govern-
ment plans. The scenario 
estimates electric cars 
will account for 7% of the 
global fleet, or 140 million 
total vehicles (excluding 

All charts and table courtesy of IEA.

6.5 million private chargers

Global electric car stock, 2010-2019
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two- and three-wheelers), 
in 2030. This scenario 
would displace around 2.5 
mb/d of oil products.

Electric mobility will 
play a vital role in re-
ducing greenhouse gas 
emissions and achieving 
our global climate tar-
gets. However, there has 
been considerable debate 
over the merits of vehicle 
electrification versus 
internal combustion when 
considering lifecycle 
emissions. IEA’s recent 
report may have ended 
that argument. 

In the SPS, IEA claims 
comparative lifecycle 
greenhouse gas emis-
sions over the ten-year 
lifetime of an average 
midsize car are almost 
half the equivalent emis-
sions of a fleet of internal 
combustion engine cars, 
in 2030. In the SDS, emis-
sions reduction is up to 
two-thirds. Decarbonis-

ing fuel used in a vehicle 
remains the biggest 
opportunity for lifecycle 
emissions reduction in all 
powertrains, the IEA says.

The Global EV Outlook 
was released in June 
2020, thus it may be too 
early to accurately reflect 
the impact of Covid-19. At 
the time of writing, cases 
are increasing by 200,000 
per day, and restrictions 
have severely impacted 
mobility patterns and 
vehicle sales. The health 
crisis has hit automakers 
particularly hard, with 
most major manufactur-
ers halting production for 
some period. Nine million 
fewer cars were sold in 
January to April 2020 
compared to the same pe-

riod the previous year. IEA 
predicts the passenger 
car market will contract 
by 15% this year, relative 
to 2019. 

Covid-19 is likely to 
generate long-lasting 
impacts on the transport 
sector. The good news for 
electric vehicle manufac-
turers is that the IEA be-
lieves the EV market may 
be more resilient than 
overall car sales. The 
agency estimates that EV 
sales will remain broadly 
at 2019 levels and will 
account for 3% of global 
car sales in 2020.

However, the magni-
tude of the impact caused 
by this global pandemic 
remains uncertain, as is 
the pace of rebound and 
the effects of behavioural 
change. IEA’s report high-
lights a range of issues 
that may influence com-
muting and vehicle sales 
such as the rate of easing 
of confinement measures, 
increases in teleworking, 
the willingness and ability 
of consumers to purchase 
new cars during uncertain 
times, low oil prices, and 
the ever-present risk of a 
second wave of Covid-19. 

Carefully considered 
government policy and 
investment are vital in 
shaping the pace of tran-
sition to electric vehicles 
in the 2020s. Many indus-
try voices are calling for a 
recovery effort that focus-
es on vehicle efficiency 
with targeted measures to 
support electrification. 

It is generally under-
stood that government 
support for electric car 
purchases can only be 
transitional, and that 
support will phase out as 
sales volumes increase. 
However, the IEA re-
port flags concerns that 
governments may relax 
fuel efficiency stan-
dards to aid struggling 
automakers, or redirect 
support measures to 
free up funds for use 
elsewhere, resulting in 
a decline in EV sales.  It 
has not happened so far, 
the IEA says. Though, it is 
worth noting the recent 
rollback by President 
Donald Trump of U.S. fuel 
economy standards put 
in place by the previous 
administration.

While China and the 
U.S. have made sub-
stantial reductions to 
purchase subsidies in 
2019, some countries 
have implemented new 
or enhanced incentives, 
such as Germany, Italy 
and France. China has 
extended its subsidy 
scheme through to 2022, 
albeit at a reduced rate, 
and also encouraged 
cities to relax car permit 
quotas to provide a stim-
ulus for the auto market.

The Global EV Outlook 
also emphasises that 
the current low oil prices 
provide a unique opportu-
nity to phase out support 
for fossil fuels in coun-
tries where fuel subsidies 
remain prevalent. 

Contribution of electric vehicles to hourly peak demand by country 
and region in the evening and night charging cases in the Sustainable 
Development Scenario, 2030

Comparative life-cycle greenhouse gas emissions over ten year 
lifetime of an average mid-size car by powertrain, 2018
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Total is a key player in electric mobility with an innovative and complete range of fluids for electric and hybrid vehicles. 
Through intensive research and development, TOTAL QUARTZ EV FLUID, for light vehicles, has been specially developed 
to meet the cooling and lubrication needs for the components of these new vehicles. 

https://bit.ly/39N86pk
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Despite a highly com-
petitive market and rela-
tively flat demand growth, 
2019 was a good year for 
lubricant manufactur-
ers in the United States. 
During a virtual “Town 
Hall” meeting organised 
by the Independent Lubri-
cant Manufacturers As-
sociation (ILMA) on 3 July 
2020, Greg Julian, presi-
dent of Advanced Lubrica-
tion Specialties, based in 
Bensalem, Pennsylvania, 
U.S.A., described 2019 as 
“one of the best years” in 
the last 20. A year ago, it 
was impossible to foresee 
the demand destruction 
Covid-19 would inflict on 
the U.S. lubricant industry.

The immediate health 
impacts and loss of life 
caused by Covid-19 are 
sobering. The economic 
scarring triggered by 
stay-at-home orders, 
lock downs and travel 

restrictions will have long 
lasting impacts in the 
form of persistent unem-
ployment, cost cutting, 
lost sales, supply chain 
disruptions and business 
closures. 

Speaking at the ILMA 
meeting, Suzan M. Jag-
ger, vice president at IHS 
Markit, Oil Markets, Mid-
stream & Downstream 
(OMD) Consulting, sig-
nalled that the lubricant 
industry may be reaching 
a period of peak earnings. 
Jagger leads the glob-
al lubricant consulting 
practice for IHS Markit 
from the company’s New 
York office. The effects of 
Covid-19, coupled with the 
entire energy transition, 
zero-carbon ambitions, 
and the rise of electric 
and autonomous vehicles, 
could mean earnings 
reached their ceiling in 
2019, she says.

Providing a perspective 
on “How we must change 
to capture new value in a 
post-Covid world,” Jagger 
offered a demand outlook 
for the automotive and 
industrial sectors. IHS 
Markit projects a 25% 
decline in U.S. transport 
lubricant demand in 2020 
relative to 2019. Forecasts 
include automotive engine 
oils, driveline lubricants, 
aviation, and railroad 
products, but exclude 
international marine 
volumes. 

Even with a possible 
recovery spike in 2021, 
transport lubricant 
demand falls well short 
of 2019 volumes in 2022 
(-9%) and will remain 
below 2019 levels moving 
forward. Jagger attributes 
lower future earnings to 
the growth in electric ve-
hicle penetration, extend-
ed oil drain intervals and 

increasing market share 
of synthetic lubricants.

It is a similar story for 
non-transport demand. 
IHS Markit’s outlook sees 
average demand drop 
17% compared to 2019. 
In contrast to the auto-
motive sector, industrial 
lubricants will experience 
a slower, more gradual 
recovery to 2024. Again, 
earnings will never again 
touch 2019 levels, says 
Jagger.

During the ILMA meet-
ing, a panel of industry 
representatives provided 
individual company per-
spectives on the post-
Covid recovery. Julian, 
who is an ILMA board 
member, indicated orders 
have rebounded to 85% in 
recent weeks. This, after 
sales plummeted to as 
low as 40% in April and 
May.

Advanced Lubrication 

Independent lubricant manufacturers well 
positioned to capture post-Covid value

Photo courtesy of Fuchs
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Specialties experienced 
a dramatic fall in auto-
motive demand. Julian 
attributes the decline 
to a cessation in second 
car usage or the “soccer 
parent syndrome.” Pri-
mary vehicles were less 
affected. Stay at home 
orders will continue to 
create a difficult trading 
environment over the 
next six months, he says. 
By the third quarter of 
2021, Julian is hopeful of 
a return to “pretty normal 
levels” for automotive 
lubricants.

Kaustav Sinha, sales 
manager, North America, 
for Chevron Oronite, also 
noted a plunge in passen-
ger car lubricant demand 
alongside a smaller drop 
in commercial automotive 
lubricant sales. In other 
product lines, demand for 
lubricants in the agricul-
ture and power gen ap-
plications has remained 
“pretty resilient,” he says. 

Chevron Oronite is 
“cautiously optimistic” 
as market indicators 
begin to turn in the right 
direction. The compa-
ny  currently anticipates 
reaching about  80% of 
additive volumes in 2020, 
compared to 2019. By 
2023, Chevron Oronite 
anticipates a return to 
2019 levels, he says. 
Sinha, who has more than 
10 years technical and 
commercial experience, 
also highlighted the risks 
associated with a long 
additive product devel-
opment cycle and heavy 
investment in the recent 
IMO 2020, ILSAC GF-6 and 
GM dexos development 
milestones. According to 
him, there are opportuni-

ties to streamline future 
specification develop-
ment processes, remove 
unnecessary complexities 
and reduce technology 
development cycles es-
pecially in the automotive 
engine oil space.  

A variety of factors will 
influence the pace of 
recovery. Vaccine devel-
opment is perhaps the 
most visible element in 
arresting public fear of 
socialisation, declines in 
recreational travel and 
discretionary purchases. 
An employment recovery 
is also vital in improving 
consumer confidence. 

How consumption 
patterns and business 
models will change 
moving forward is as yet 
unknown. How many peo-
ple will return to offices? 
What will the impact of 
corporate restructuring 
and consolidation be? Will 
we see a rise in auto-
mation and a touchless 
economy? The U.S. is still 
in the midst of the first 
wave of Covid-19. What 
would a second virus 
wave mean for lubricant 
manufacturers? Compa-
nies will need to change 
and adapt to prosper.      

Other policy and gov-
ernment factors will have 

a notable impact. Jagger 
suggests nationalism 
and a lack of cooperative 
efforts will impact the 
pace of revival. If we can 
mend some of our trade 
relationships in a more 
cooperative manner, it 
does have a positive eco-
nomic impact, she says.

Companies are grap-
pling with how to struc-
ture supply chains moving 
forward, and a balancing 
act between demand 
volatility, production, 
and stocking levels. Both 
Sinha and Jagger empha-
sised the importance of 
a flexible, diversified and 
integrated supply chain 
as companies weigh up 
third-party outsourcing, 
that provides a variable 
cost structure, against in-
sourcing and the creation 
of a shorter more reli-
able raw material supply 
chain. A trend to con-
solidate manufacturing 
around base oil hubs pro-
vides a potential response 
to higher volatility. 

What worked yesterday, 
is not going to work in 
the next couple of years, 
says Jagger. Companies 
that can fully utilise their 
supply chain assets are 
well placed to capture new 
value opportunities. Active 

monitoring of supply 
chains to mitigate demand 
volatility is essential. 
Companies also need to 
consider expanding digi-
tal-based and transparent 
customer interfaces, and 
acceleration of internet 
sales in a more virtual 
market. Supply chain 
gaps may emerge through 
rationalisation, requiring 
the support of logistics 
companies to bridge those 
gaps, says Jagger. 

A silver lining of the 
turmoil in the U.S. lubri-
cant industry is an oppor-
tunity for ILMA members 
to grab market share 
during the recovery. 
Strong players that have 
speed to market, flexibil-
ity, and can manage to a 
lower cost base have the 
opportunity to capture 
volume in a declining 
market, says Jagger. 
ILMA members have 
demonstrated over many 
years they can be nimbler 
and more flexible than 
multinational oil com-
panies, with an ability to 
react quickly as demand 
increases or slows down. 
However, ongoing success 
will depend on their size, 
and the structure of their 
supply chain, says Julian. 

Suzan Jagger Greg Julian Kaustav Sinha
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The Society of Tribol-
ogists and Lubrication 
Engineers (STLE) was 
born at the height of 
wartime. Originally dubbed 
the American Society of 
Lubrication Engineers 
(ASLE), the organisation 
was chartered on 3 March 

1944. The society’s bylaws 
were reportedly drafted 
the same night bombings 
were launched on Berlin, 
Germany. 

ASLE was the brainchild 
of lubricant executive Wal-
ter D. Hodson, as he sought 
a forum for individuals and 

customers to gather and 
discuss lubrication. The 
organisation grew quickly, 
and today it supports more 
than 13,000 individuals 
and 250 companies in the 
tribology and lubrication 
engineering business 
sector, including 3,500 

members scattered around 
the world. A formal name 
change was completed in 
1987 to recognise the global 
nature of the organisation 
and to incorporate the term 
tribology.

As STLE recognises its 
75th anniversary, it feels 
a little like we are back in 
war times. Only this time 
the enemy causing massive 
global upheaval is a deadly 
virus. Vicky Villena-Denton, 
CEO and editor-in-chief of 
F&L Asia Ltd, spoke to the 
President of STLE, Paul 
Hetherington, about STLE’s 
plans for the future on F+L 
Webcast, including how 
the organisation intends 
to celebrate its diamond 
anniversary. F+L Webcast 
is a monthly podcast that 
provides in-depth fuel and 
lubricant commentary on 
a wide variety of themes. 
You can listen to the full 
podcast with Hetherington 
at flweek.fuelsandlubes.
com/fl-webcast.

Hetherington has been a 
member of STLE’s Board 
of Directors since 2007. He 
has served on the executive 
committee since 2017 with 
one-year terms as trea-
surer, secretary, and vice 
president, and possesses 
considerable lubricant 
knowledge gathered over 
39 years’ experience in the 
industry. 

In 2011, Hetherington 
joined Petro-Canada 
Lubricants where he is 
currently manager of the 
technical services group. 
Petro-Canada Lubricants is 

STLE 75th anniversary celebrations  
postponed for New Orleans in 2021
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one of the largest suppliers 
of lubricants in Canada with 
a global customer base.  
Previously, he held roles 
as manager of training 
and consulting services 
for Fluid Life, and before 
this spent 20 years as a 
corporate lubrication and 
fuel specialist at Syncrude 
Canada Ltd., a major oil 
sands operation in north-
ern Alberta.

STLE’s inaugural annual 
meeting was held in Chica-
go, Illinois, U.S.A., in 1946, 
attracting 379 attendees. In 
2018, the board appointed 
a team of volunteers to 
plan a major commemo-
ration of the 75th annual 
meeting. Celebrations were 
due to be held on 3-7 May 
2020 in Chicago — where 
it all began. Unfortunate-
ly, ongoing risks relating 
to Covid-19 have poured 
cold water on this year’s 
celebrations. However, 
Hetherington emphasised 
the importance of recog-
nising key organisational 
milestones. Celebrations 
will now be held at the 2021 
STLE Annual Meeting in 
New Orleans, he says.

STLE has a proud history 
of supporting its technical 
experts with advancing 
their knowledge and the 
application of lubrication 
science. Many of the core 
programs the society offers 
were established more 
than 70 years ago, includ-
ing awards, educational 
initiatives, membership, 
governance, technical and 
administrative committees, 
and publications. The ob-
jectives of the organisation 
remain remarkably similar 
today, says Hetherington. 

Certification programs 
were added to STLE’s suite 

of services in the early 
1990s and play an integral 
role in recognising an 
individual’s knowledge and 
credentials. STLE certi-
fications are notoriously 
difficult. Those that achieve 
them “know what they 
are talking about” when it 
comes to lubricants, says 
Hetherington. Qualifica-
tions include the Certified 
Lubricant Specialist (CLS), 
Oil Monitoring Analyst 
Certifications (OMA 1 and 2) 
and a metalworking fluid 
specialist accreditation. 
The organisation is contin-
ually reviewing additional 
certifications that might be 
appropriate for STLE mem-
bers, says Hetherington.

As the lubricant industry 
undergoes rapid change, 
STLE is evolving to meet 
the requirements of its 
members, says Hether-
ington. Working with other 
technical societies is a 
key component in future 
proofing the organisation. 
STLE recently signed a 
memorandum of under-
standing with the Asian 
Lubricant Manufacturers 
Union (ALMU), the lubri-
cants industry group based 
in Singapore, to encourage 
cooperation and to explore 
opportunities to promote 
education and certification 
between the two organisa-
tions, says Hetherington.  

Covid-19 has had a 
devastating impact on the 
global economy. But what 
does it mean for lubri-
cant businesses?  STLE 
surveyed the impact of 
Covid-19 in April 2020 to 
understand its impact on 
members and to advocate 
recovery plans. Half of the 
survey participants indi-
cated Covid-19 was having 

a “significant effect,” while 
14% suggested “things 
are pretty bad.” Supply 
chain issues were preva-
lent, a third of participants 
suggesting the pandemic 
was significantly impacting 
their ability to obtain raw 
materials. Many are suffer-
ing a prolonged decrease 
in demand for products and 
services. Participants ex-
pressed interest in receiv-
ing additional support from 
STLE in the form of online 
training and learning, mar-
ket trends, timely industry 
news and job postings.

STLE’s recently re-
leased third Emerging 
Trends report provides 
deeper insight into several 
different discipline areas 
— including transportation, 
energy, manufacturing, 
medical and health. It is a 
“very broad report in terms 
of looking at emerging 
issues,” says Hetherington. 
“Lots of things are chang-
ing in the industry that are 
changing our focus,” he 
adds. The report enables 
the board and committees 
to understand the direction 
the world is heading and 
how STLE can address 
those requirements.

Digitalisation is a key 
focus area. Increasingly, 
we are trying to engage our 
members through digital 
medium, says Hether-
ington. STLE is working to 
deliver more training online 
and to reduce the reliance 
on physical conference 
and section meetings. New 
education courses are 
under development which 
Hetherington hopes to re-
lease “early this fall,” some 
of which will be available 
online. The organisation is 
also analysing opportuni-

ties to shift some certifica-
tion programs online.

Another very visible 
trend in our industry is 
the shift to electrification. 
This creates consider-
able uncertainty for STLE 
members. Will electric 
vehicles reduce the impor-
tance of tribology moving 
forward?  While there will 
be a significant change, 
Hetherington is confident 
that new challenges and 
opportunities will emerge 
with electric vehicles. 
Engine temperatures still 
need to be cooled, there 
are still bearing loads on 
the wheels, he says. STLE 
will provide education and 
certification programs 
to help meet those new 
challenges.

Despite the speed and 
scale of change, Heth-
erington continues to 
advocate for tribology as 
a career path. It is still a 
great time to enter the 
industry, he says. STLE will 
maintain its efforts to at-
tract younger people to the 
sector, including support-
ing students in university 
with student chapters 
and encouraging industry 
representatives to advance 
their studies in tribology. 

“Follow your passion 
and run with that passion 
as far as you can,” says 
Hetherington. 

Paul Hetherington
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Immersion cooling has 
gained eminence across 
a variety of industries 
where heat dispersion 
is critically important. 
In many such industries, 
conventional or active 
cooling methods are 
either too costly or ineffi-
cient at removing the vol-

Shell and Asperitas announce  
bespoke immersion cooling fluid  
for data centers

ume of heat generated.  
Data centers consume 

an inordinate amount of 
energy in a low-efficient 
manner. As the power 
density of data centers 
continues to expand, 
operators are under in-
creasing pressure to re-
duce energy consumption 

— encouraging some to 
adopt immersion cooling 
solutions where infor-
mation technology (IT) 
hardware is submerged 
directly into non-con-
ductive dielectric liquids. 
This cooling method 
ensures temperature 
fluctuations remain 

negligible and reduces 
the potential stress of 
thermal expansion on mi-
cro-electronics — which 
can cause degradation 
over time. 

Immersion cooling of 
data centers offers im-
proved energy efficiency, 
plus a reduction in the 

Photo courtesy of Shell
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physical space required 
for cooling equipment 
and IT infrastructure. 
Importantly, immersion 
cooling also enables con-
siderable cost savings. 
The cost of cooling has 
been assessed at 40% 
of a data center’s energy 
consumption. Savings 
in energy usage from 
immersion cooling have 
been estimated at more 
than 60%, with some 
analysts claiming they 
can reach 95% in certain 
applications. 

The Open Compute 
Project (OCP) Virtual 
Summit was held on 12-15 
May 2020, following an 
earlier postponement of 
the physical event due to 
the Covid-19 health crisis. 
During the summit, inter-
national oil major Shell 
and immersion cooling 
specialist Asperitas an-
nounced the launch of a 
new bespoke fluid for im-
mersion cooling — Shell 
Immersion Cooling Fluid 
S5 X. The new product 
was revealed during an 
Asperitas presentation 
alongside the revelation 
of a new liquid immer-
sion cooling platform, 
the “AIC24 21”, to com-
plement their existing 
portfolio. 

Shell Immersion 
Cooling Fluid S5 X is 
optimised for Asperitas’ 
natural-convection-driv-
en immersion cooling 
solutions, though Shell 
has confirmed the prod-
uct is compatible with 
forced circulation cooling 
systems used in alterna-
tive data centers.

Asperitas is a Dutch 
clean and high-tech 
scale-up. Since 2014, 

the company has been 
developing immersion 
cooling technology to 
enable the sustainable 
operation of high-density 
data centers. The idea 
was conceptualised by 
executives while explor-
ing the world on a sailing 
ship and began with an 
initial focus on modular 
data centers within the 
maritime industry. The 
idea quickly evolved into a 
more general application 
of the technology. 

The company’s enclo-
sures house horizontal 
server racks filled with 
dielectric coolant that 
circulate by way of natural 
convection via gravity and 
thermal expansion of the 
oil. The products negate 
the need for server fans, 
air handlers and chillers, 
and the heat from the 
system can be recycled 
for alternative applica-
tions such as heating. 
Customers of Asperitas 
immersed computing 
technology in Europe 
include Vienna Scientific 
Cluster in Austria, 2CRSI 
in France and EcoRacks in 
Eindhoven.

Asperitas attracted 
investment from Shell 
Ventures, the corpo-
rate investment arm of 
Shell, in 2019, to support 
the acceleration of the 
company’s technology. 
The tie-up marked the 
beginning of a long-term 
strategic partnership that 
includes the development 
of liquids for Asperitas 
technology.  

Shell’s synthetic, 
single-phase immer-
sion cooling fluid was 
designed in partnership 
with Asperitas to deliver 

high cooling efficiency, 
excellent flow behaviour 
as well as thermodynamic 
properties. The company 
claims lower manufactur-
ing costs than competitive 
products such as fluo-
rocarbons and intensely 
engineered fluids.

Shell Immersion 
Cooling Fluid S5 X is 
produced using gas-to-
liquids (GTL) technol-
ogy, a technology that 
transforms natural gas 
into high-quality liquid 
products that would oth-
erwise be produced using 
crude oil. Natural gas 
is the cleanest burning 
fossil fuel and enables 
a reduction in carbon 
dioxide emissions. In a 
statement, Eduardo de 
Azevedo, Shell product 
application specialist for 
immersion cooling fluids, 
noted that “our gas-to-
liquids technology is a 
sustainable alternative 
for the immersion cooling 
industry.” 

Demand for “big data” 
is booming and will only 
increase coinciding with 
increasing demands on 
data infrastructure and 
systems. The immer-
sion cooling market is 
expected to grow signifi-
cantly due to rising chip 
and server rack density, 
and pressure to reduce 
energy usage. The global 
immersion cooling mar-
ket has been projected 
to increase from USD177 
million in 2019 to USD501 
million by 2024, at a 
compound annual growth 
rate (CAGR) of 23.2%.

The synthetic oil 
segment is expected to 
achieve the highest CAGR 
in terms of value. A tran-

sition to synthetic oils 
— due to a combination 
of lower costs, material 
compatibility and long 
life — has impacted the 
growth of mineral oils in 
this market.

North America is 
expected to account 
for the largest share of 
the immersion cooling 
market in 2019 (31.1%), 
due to the size and scale 
of data centers in the 
region, followed closely 
by Asia-Pacific which is 
experiencing increasing 
demand for immersion 
cooling solutions via 
growth technologies such 
as high-performance 
computing, artificial 
intelligence, crypto-
currency mining, and 
enterprise computing. A 
CAGR of 27.5% to 2024 
has been projected for 
the Asia-Pacific region.

There are two types of 
immersion-cooled ap-
proaches. In a two-phase 
cooling system, the fluid 
has a low boiling point 
causing a phase change 
from liquid to gas. The 
vapour is condensed 
back to liquid form by 
water-cooled condenser 
coils. Single-phase cool-
ing transfers heat to a 
coolant via direct contact, 
but it remains in liquid 
form and does not boil 
off. The fluid is cooled 
via a heat exchanger in a 
cooling distribution unit. 
The expectation is that 
single-phase immersion 
cooling demand will 
continue to grow at the 
expense of two-phase 
cooling — due to simplici-
ty, affordability and lower 
maintenance require-
ments. 
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NLGI targets January 2021 for new 
High-Performance Multiuse grease  
specification

The National Lubricating 
Grease Institute or NLGI is 
on the verge of releasing 
a new high-performance 
multiuse (HPM) grease 
specification that will 
modernise the incumbent 
standard and provide 
broader utility. The new 
benchmark will include 
an HPM core specifica-
tion that delivers higher 
performance than the 
existing GC-LB specifica-
tion, as well as enhanced 
sub-categories for water 
resistance, corrosion 
resistance, high load, and 
low temperature. 

The finalisation meet-
ing, originally planned to 
be held in Miami, Florida, 
U.S.A., was completed vir-
tually in June and unveiled 
a draft recommendation 

of the new classifica-
tion. Board of Directors’ 
approval will be sought 
between July and Sep-
tember 2020, with NLGI’s 
Grease Specifications 
Working group aiming to 
publish the new specifica-
tion towards the end of the 
year. A marketing task-
force is working towards a 
January 2021 rollout. 

In 1989, a joint effort 
between NLGI, ASTM 
International and SAE 
culminated in the de-
velopment of the GC-LB 
grease specification, 
which was published as 
ASTM D4950, the “Stan-
dard Classification and 
Specification for Auto-
motive Service Greases.” 
While this specification 
was “ground-breaking” at 

the time, it took 21 years 
to develop. It is more 
than 30 years since the 
internationally recognised 
performance classification 
was published. GC-LB, 
originally conceived as an 
automotive chassis and 
wheel bearing specifica-
tion, is now considered a 
mark of quality for grease 
specifiers. Currently, 306 
products are licensed by 
85 different companies, 
with a 10% increase in 
licenses since May 2014.

To date, the HPM grease 
specification is 18 months 
in the making. Considering 
the typical speed of new 
specification develop-
ment, this is a remarkable 
achievement. The Grease 
Specification Working 
Group was led by Mike 

Kunselman of the Center 
for Quality Assurance and 
NLGI Technical Expert 
Chuck Coe. 

During the meeting, 
Kunselman highlighted 
“impressive participant 
expertise,” the inclusion 
of “real-life experiences,” 
and a continuous feedback 
loop as key inputs into a 
streamlined process. Test 
development is a routine 
stumbling block for spec-
ification updates. About 
one-quarter of the HPM 
tests, methods and limits 
could be agreed with con-
sensus, says Kunselman. 
The remainder required 
additional data collection 
and analysis.

In recent years, advance-
ments in materials and 
technologies prompted 

Photo courtesy of NLGI
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calls for the update or 
replacement of GC-LB. 
Many OEMs asserted the 
existing performance 
standard was unsuitable 
for new applications. “The 
current premise that we 
need a lubricating grease 
performance standard for 
automotive service greases 
for passenger cars and 
light trucks is significantly 
distant from reality,” says 
Dr. Gareth Fish, technical 
fellow, at The Lubrizol Cor-
poration. “There is almost 
no service requirement 
for light-duty automotive 
greases today,” he says, as 
more than 90% of applica-
tions are sealed for life. 

In December 2012, 
ASTM D02.B0.04 met in 
Norfolk, Virginia, U.S.A., 
to discuss the approval of 
ASTM D4950. The validity 
of several test methods 
was called into question 
due to issues with repeat-
ability and reproducibility. 
Problematic tests includ-
ed ASTM D2265 (and D566) 
Dropping Point, D3527 
Grease Life, D4290 Grease 
Leakage, D4170 Fretting 
Wear, D4289 Elastomer 
Compatibility and D4693 
Low-Temperature Torque. 

During the 2015 NLGI 
Annual Meeting in Coeur 
d’Alene, Idaho, U.S.A., a 
working group was es-
tablished to consider the 
upgrade or replacement 
of GC-LB. In 2019, the 
working group determined 
a new “challenging but 
realistic” standard was 
required for the grease 
industry, as opposed to 
upgrading GC-LB. 

The HPM specification 
will not replace the current 
GC-LB specification, Fish 
said. We will continue to 

offer GC-LB certification as 
long as there is a need, he 
added. GC-LB is still widely 
used, particularly in the 
trucking industry. ASTM 
D4950 was reapproved in 
2019 and will remain valid 
until at least 2024.

The HPM core specifi-
cation introduces several 
new tests, including: Oxi-
dation Stability of Lubricat-
ing Greases by the Oxygen 
Pressure Vessel Method 
(ASTM D942); Low-Tem-
perature Torque of Ball 
Bearing Grease (ASTM 
D1478); Oil Separation from 
Lubricating Grease using 
the Conical Sieve Method 
(ASTM D6184); Roll Stabil-
ity of Lubricating Grease 
using ½ scale penetration 
(ASTM D1831); the Emcor 
Test for determination 
of corrosion-preventive 
properties of lubricating 
greases under dynamic 
wet conditions (ASTM 
D6138); and Detection of 
Copper Corrosion from 
Lubricating Grease (ASTM 
D4048).  Several existing 
GC-LB tests are retained 
with more stringent test 
limits. 

For some HPM tests, 
limits are still being 
defined. Road testing will 
be used to establish or 
confirm the limits within 
the specification over the 

coming months. If there is 
a problem with a certain 
limit, we can revisit it, said 
Coe.  The specifications 
will be “live,” and will 
evolve, he added.

During the finalisation 
meeting, Coe emphasised 
the multiuse nature of 
grease. The specification 
is “not intended to provide 
superior performance 
under extreme conditions.” 
Even considering the 
supplementary perfor-
mance “tags” that deliver 
improved water resistance 
(WR), higher load carrying 
capacity (HL), saltwater 
corrosion resistance (CR) 
and low-temperature per-
formance (LT) — the new 
specification is not suitable 
for extreme conditions, he 
said. To qualify for the sup-
plementary performance 

Dr. Gareth FishMike KunselmanChuck Coe

“tags”, such as HPM+WR, 
a grease must first achieve 
the HPM core specification 
requirements.  

Initially, the HPM spec-
ification included a High 
Temperature/Long Life cat-
egory. This component was 
put on hold as it became 
apparent that test devel-
opment could take several 
years. Following the launch 
of the HPM specification, 
work on the long life tag will 
continue with an estimated 
timeframe of between two 
to five years. 

The new specification is 
intended to be chemistry 
neutral, said Coe. NLGI has 
focused on the creation 
of a performance specifi-
cation, not one that would 
eliminate a certain type of 
chemistry or mandate the 
use of certain base oils. 

Photo courtesy of Finol
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The word superlubricity 
was coined by Motohisa 
Hirano in the early 1990s. 
The Japanese scientist 
theoretically predicted 
the existence of a physical 
state where sliding friction 
between two contacting 
surfaces virtually vanishes 
under certain conditions. 
Hirano conducted wear 
friction studies using an 
atomic force microscope, 
a tool that allows the 
measurement of surface 
lateral forces at an atomic 
level. Investigating sliding 
behaviour between two 
crystalline solid surfac-
es, such as mica, Hirano 

Superlubricity: A new era in solid 
lubrication technology?

observed that the fric-
tion force would drop to 
a nearly unmeasurable 
level when a solid tip was 
rotated to a certain angle. 
Later, Martin Dienwiebel 
from Germany in 2004 
showed, in more controlled 
experiments using atomic 
microscopy on graphite 
surfaces,  clear evidence 
of superlubricity when two 
contacting graphite sur-
faces are incommensurate 
with each other. However, 
these efforts were mostly 
restricted to the nano- to 
micron-scales for a long 
time as any surface defects 
or surface roughness 

would destroy the super-
lubricity upon scaling to 
larger areas. 

In the past, there has 
been ambiguity over the 
definition of superlubric-
ity. Nowadays, a friction 
coefficient of less than .01 
is well-accepted as being in 
a superlubric state. 

Dr. Anirudha Sumant, 
group leader of nanofab-
rication and devices at the 
Center for Nanoscale Ma-
terials, a U. S. Department 
of Energy User Facility at 
Argonne National Labo-
ratory (ANL), is a global 
pioneer in the research of 
superlubricity. His 2015 pa-

per (Berman and Sumant 
et al., Science 348 (6239), 
1118-1122, 2015)  on the 
fusion of nanodiamonds 
and graphene was labelled 
a “game-changer” for solid 
lubrication technology. 

“This was the first 
realisation of the oppor-
tunity to break away from 
nano- and micro-scale 
to demonstrate superlu-
bricity on an engineering 
scale,” says Sumant. 
Nanodiamonds encapsu-
lated in graphene act as 
nanosized ball bearings 
that reduce friction be-
tween contact surfaces to 
almost zero.

Dr. Anirudha Sumant 
working with the 
multifunctional tribometer 
in the Superlubricity Lab at 
the Center for Nanoscale 
Materials, Argonne 
National Laboratory  
(Photo courtesy of Argonne 
National Laboratory)
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A paper published in 2018 
(Berman and Sumant et al., 
Nature Communications, 
9: 1164 (2018), replaced 
graphene with molyb-
denum disulphide. The 
results were unexpected, 
says Sumant. A chemical 
reaction damaged the 
nanodiamonds creating 
balls of onion-like carbon 
consisting of layers of 
spherical graphitic shells. 
The combination produced 
ultra-low sliding friction 
that could sustain high 
contact pressures and was 
even applicable to rough 
surfaces due to the larger 
size of the carbon spheres. 
Importantly, the time to 
achieve superlubricity was 
reduced from five to seven 
minutes to a fraction of a 
second, says Sumant.

Argonne National Labo-

ratory’s research is giving 
rise to a new era in solid 
lubrication technology. 
The potential for robust, 
long-lasting superlubricity 
in real-world industrial 
applications appears 
almost limitless with the 
technology poised to have a 
sizable impact on the glob-
al lubricant industry. Could 
superlubricity completely 
supplant oil as a lubricant 
in some industries?

“Solid lubricants are a 
very important area that 
even the large oil-based 
companies are looking 
at,” says Sumant. Some 
companies have achieved a 
10-20% reduction in friction 
through the introduction of 
graphene and other nano 
lubricants into their oils 
and additives. However, 
they have not seen the 

consistency they would like 
to see, he says.  The tri-
bo-chemical reaction that 
occurs within the oil over 
time is the key challenge. 

While superlubrici-
ty is unlikely to lead to 
the ultimate demise of 
lubricating oil, “there is a 
very bright future for this 
technology,” says Sumant. 

The technology is more 
economical, longer lasting, 
and advantageous in terms 
of user-friendliness and 
applicability. The biggest 
challenge is changing the 
traditional mindset. We can 
talk about new  technology, 
but it takes time to per-
colate from basic science 
ideas demonstrated at 

From left to right: Dr. Anirudha Sumant, Dr.  Ali Erdemir,  
Dr. Subramanian Sankaranarayanan, Dr. Sanket Deshmukh, Dr. Diana 
Berman (Photo courtesy of Argonne National Laboratory)

https://bit.ly/39QKjVB
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the lab-scale to industrial 
scale. Unless they see sub-
stantial improvement in the 
performance at the same 
cost and without changing 
much of the existing infra-
structure, it is very difficult 
to convince them about the 
benefits of the technology 
since oftentimes it comes 
down to cost , he says. 

Dry lubricants are 
already prevalent in many 
industries. Thin-film 
coatings are a common 
application, though are 
prone to catastrophic fail-
ure. Argonne’s technology 
is markedly different from 
traditional film coatings. In 
particular, the self-gener-
ating lubricant readjusts it-
self continuously to enable 
longer life. 

Argonne National 
Laboratory’s progress on 
utilising nanomaterials 
to achieve superlubricity 

at the macroscale in an 
oil-free environment is 
starting to translate into 
real-world applications.  

Sumant highlighted a 
collaboration between 
Argonne National Labo-
ratory and a leading U.S. 
auto manufacturer. Metal 
stamping is a manufactur-
ing process used to convert 
flat metal sheets into spe-
cific shapes. The method 
is applied broadly in the 
shaping of a car chassis, 
though friction as a result 
of high temperatures and 
contact pressures can pro-
duce weak points — with 
direct implications on the 
safety of a vehicle.

Typically, automak-
ers employ oil-based 
lubricants to minimise 
friction impacts during 
the metal stamping 
process. The current 
approach is somewhat 

sures at high speeds and 
are subject to wear and 
leakage. Replacement of 
seals results in produc-
tion downtime and added 
cost. Sumant’s research 
team is applying their 
technology to produce a 
mechanical seal with low 
wear and friction, thus 
minimising the replace-
ment frequency. There 
are a “few more steps to 
go to implement this at 
industry scale,” he says.

Much of the preliminary 
research by Argonne 
scientists has focused 
on removing the condi-
tion of rough surfaces 
and reducing the time to 
achieve superlubricity on 
sliding surfaces. Howev-
er, a 2019 research paper 
extended the application 
of nano lubrication beyond 
sliding surfaces (Mutyala 
and Sumant et al., Applied 
Physics Letters, 115 (10), 
103103, 2019) — demon-
strating nano lubricant 
technology can work even 
with combined sliding and 
rotational motion. The 
study displayed a reduc-
tion in friction to near zero 
in wind turbine bearings, 
offering the potential to 
improve lifespans, reduce 
cost and replace the need 
for oil lubrication. Sumant 
also foresees significant 
application in battery 
electric vehicle bearings. 
Additives which are in oil-
based lubricants have been 
shown to cause problems 
with the electric field in 
battery-operated vehicle 
technology.

To learn about possibly 
collaborating with Argonne 
in this area or licensing 
technology from Argonne, 
contact partners@anl.gov. 

problematic. Even though 
lubricants are inexpen-
sive, a “tedious” removal 
process before painting 
adds significant cost, says 
Sumant. Spray applica-
tion of a graphene-based 
coating can achieve 
desired friction and wear 
reductions, with easy 
removal. Sumant says 
his team, in collaboration 
with industry, are nearing 
the commercialisation 
of this project which will 
ultimately reduce friction, 
improve performance and 
vehicle safety.

A partnership with one 
of the world’s largest oil 
and gas companies offers 
a similarly promising 
application. Offshore gas 
platforms utilise mechan-
ical pump seals to isolate 
hazardous gases and 
oils. Existing seals are 
exposed to extreme pres-

Schematic of a superlubricity system demonstrating formation of graphene encapsulated nanodiamond. The 
gold represents nanodiamond particles; the blue is a graphene nanoscroll; green shows underlying graphene 
on silicon dioxide; and the black structures are the diamond-like carbon interface. (Photo courtesy of Argonne 
National Laboratory)
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As thin as water
Maximizing fuel economy by thinning lubricating oils

With growing concern 
over greenhouse gas 
emissions as well as the 
environmental prob-
lems associated with the 
transportation and auto-
motive industries, nearly 
all countries in the world 
have set fuel economy 
regulations in order to 
reduce fuel consumption 
and emissions. 

As a result, there 
has been an increasing 
amount of research to 
improve vehicle emis-
sions and fuel efficiency 
before the deadlines set 
by these regulations, 
notably through the thin-
ning and modification of 

lubricating oils. 
Although lubricat-

ing oils provide only a 
marginal ~1% increase 
in fuel economy de-
pending on viscosity 
grade, with an estimated 
135 million passenger 
vehicles contributing 
29% of all greenhouse 
gas emissions in the U.S. 
alone, there is immense 
potential to reduce CO2 
emissions. 

The main purpose of 
any lubricating oil is to 
reduce friction between 
moving parts of an en-
gine, to prevent failures 
and reduce wear. The 
reduction of friction is 

related to these lubrica-
tion regimes:

a. Under mixed/bound-
ary lubrication, additives, 
such as friction modifi-
ers (FM) are effective, 
whereas

b. Under hydrodynamic 
lubrication, viscosity and 
viscosity index determine 
friction.

All formulation strate-
gies must consider both 
lubrication regimes.      

Friction reduction 
is possible due to oil 
viscosity and especially 
under transient opera-
tions, by viscosity index, 
which is a measure of a 
fluid’s change in viscosity 

relative to temperature 
change. 

While lubrication is 
vital for the engine, lubri-
cating oils also provide a 
number of other benefits. 
Lubricating oils clean 
the engine by captur-
ing contaminants (soot 
and wear particles) and 
keeping particulates in 
suspension until filtered 
or removed, cool the 
engine by absorbing and 
distributing heat until it 
is eventually dispersed, 
and protect the engine 
by preventing corrosion 
and oxidation caused by 
organic acids formed 
within the engine. These 

Dr. Raj Shah, Dr. Mathias Woydt, Isaac Kim
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beneficial properties of 
lubricating oils vary with 
both viscosity and oil film 
thickness. For instance, 
lowering the viscosity 
reduces viscous drag and 
improves lubrication, yet 
thins the oil film decreas-
ing the cleaning, cooling, 
and protective ability 
of the lubricating oil 
against wear and scuff-
ing. Another drawback of 
low viscosity oils is their 
NOACK volatility, because 
the molar mass of the 
base oil backbone lowers 
with reduced viscosity 
while the evaporation 
loss of the lubricating 
oil increases. Thus, it 
is important to balance 
the properties of lubri-
cating oils such that the 
maximum fuel efficiency 
is achieved, while the 
integrity of the engine is 
maintained.

With increasing regula-
tions and nearing dead-
lines, the automotive in-
dustry is forced to make 
swift decisions on how 
to reduce carbon dioxide 
(CO2) emissions. Thus, 
researchers have found a 
simple means to improve 
fuel efficiency via the 

optimization of lubricat-
ing oils. CO2 emissions 
in internal combustion 
engines (ICE) can be re-
duced by lower viscosity 
oils. It is then possible to 
improve the fuel economy 
of older models without 
replacing its engine.

SAE J300, a standard 
that defines the viscom-
etric properties of mono-
grade and multigrade 
engine oils, added a 
lower viscosity grade SAE 
16 with High Tempera-
ture High Shear (HTHS) 
viscosity of > 2.3 mPas in 
2013. SAE 12 with  HTHS 
viscosity of > 2.0 mPas 
and SAE 8 with HTHS 
viscosity of > 1.7 mPas fol-
lowed soon after in 2015. 
Recently, a  new viscosity 
grade, SAE 4 with HTHS 
viscosity of > 1.4 mPas, 
has been proposed. 

For comparison 
purposes, the dynamic 
viscosity of water at 20°C 
is 1 mPas. The fluidity of 
ultra-low viscosity engine 
oils at 100°C is now inch-
ing closer to that of water 
at 20°C. Oil film thickness 
depends on viscosity and 
the pressure-viscosity 
coefficient, of which the 

latter has a greater influ-
ence on hydrocarbons, 
esters, and PAGs by a 
factor of 10,  as com-
pared to water. The main 
driving force for lower 
viscosity engine oils is 
to reduce hydrodynamic 
friction and ultimately 
improve the average fuel 
economy of automobiles. 

A study¹ in the SAE 
International Journal of 
Fuels and Lubricants, 
2016, by Ishikawa et al. 
compared SAE 0W-20 
and SAE 0W-16 lubri-
cating oils created from 
a Group III base stock 
and three sets of addi-
tive technologies made 
up of an ILSAC GF-5 
additive package, ap-
propriate viscosity index 
improver, and pour point 
depressants. The study 
utilized the Sequence 
VID (ASTM D7589) 
method to test each of 
the lubricating oils’ fuel 
economy improvement 
(FEI) compared with the 
baseline oil SAE 20W-30 
before and after an oil 
aging phase. The results 
showed that prior to oil 
aging, SAE 0W-20 oils 
showed a 2.57% FEI sum, 

passing the ILSAC GF-5 
requirement of the high-
est minimum FEI of 2.6%. 
After the oil aging phase, 
the SAE 0W-20 oils 
showed a 1.13% FEI sum, 
which did not pass the 
1.12% highest minimum 
ILSAC GF-5 requirement; 
yet, more than half of 
the oils tested passed 
the requirement, prov-
ing these lubricating 
oil mixtures meet the 
base requirement with 
a minimum 50% proba-
bility. The study further 
showed that the SAE 
0W-16 oils improved the 
FEI sum before oil aging 
by 0.24% and the FEI 
sum after oil aging by 
0.14%. This improvement 
demonstrates that with 
current research, a min-
imum increase of 2.81% 
FEI sum before oil aging 
and 1.27% FEI sum after 
oil aging is possible by 
simply lowering the vis-
cosity of the lubricating 
oil to the new SAE 0W-16 
viscosity grade.

Furthermore, a re-
search paper² in Tribolo-
gy international, October 
2019, by Tormos et al. 
verified the fuel economy 

Oil designation R C1 C2 C3 C4 C5

SAE grade 10W-30 10W-40 10W-30 5W-30 5W-30 5W-20

Kinematic viscosity 40°C [mm²/s] 75.23 86.71 56.45 70.6 70.15 43.72

Kinematic viscosity 100°C [mm²/s] 12.05 13.34 9.61 11.83 12.08 7.99

Viscosity index 157 157 155 164 170 157

High temperature high shear viscosity 
[mPas]

3.67 3.85 3.17 3.61 3.61 2.7

SAPS level Medium Medium Medium Low Medium Medium

API base oil group III III III III + IV III III

API category CK-4 CI-4 FA-4 CJ-4 CK-4 FA-4

Friction modifier - - - Mo-DTC Mo-DTC -

Source: Tribology International

Table 1. Rheological characteristics of the oils
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improvement of vehicles 
under stationary and real 
driving conditions with 
decreasing oil viscosi-
ty. The study consisted 
of five lubricating oil 
formulations labeled 
C1-C5 shown in Table 1 
compared to a reference 
lubricating oil, labeled R, 
at 17 different test points 
covering different work-
ing zones at four engine 
speeds and one test point 
for idle conditions. 

Utilizing a stationary 
3-litre diesel engine, fuel 
consumption dropped as 
a result of lower HTHS 
viscosity, and all oil 
formulations with lower 
HTHS viscosity than the 
reference oil showed 
lower fuel consump-
tion. These tests clearly 
illustrate that the effects 
of viscous drag within 
an engine degrade when 
shifting from hydro-
dynamic lubrication to 
mixed or boundary lubri-
cation as well as the ben-
efits low HTHS viscosity 
provides by minimizing 
viscous drag during 
hydrodynamic lubrication 
conditions. 

Increasing the HTHS 

viscosity showed an 
overall increase in fuel 
consumption at low to 
medium loads and me-
dium engine speeds as 
illustrated by oil for-
mula C1. Conversely, oil 
formula C5 that had the 
lowest HTHS viscosity of 
all the oil formulations 
exhibited a maximum fuel 
consumption reduction of 

5.3% at an engine speed 
of 2000 rpm and a load of 
70 Nm and averaging a 
4% reduction at low loads 
across all speeds. Over-
all, the effects of lower-
ing the HTHS viscosities 
of lubricating oils are 
promising but must be 
analyzed in a real-world 
setting. 

In order to properly 
recreate real driving 
conditions, three driving 
cycles representative 
of medium-duty freight 
transportation vehicles 
were tested: an urban 
route in Valencia, Spain 
(10.4 km); an urban route 
in Romsey, UK (2.1 km); 
and a rural route be-
tween the municipalities 
of Canals and Quesa of 
Valencia, Spain (26.6 km). 
As expected from the 
previous observations, 
the lower HTHS viscosity 
oils had the greatest re-

duction in fuel consump-
tion. However, most nota-
bly, the load conditions of 
the vehicles determined 
the effectiveness of the 
low HTHS viscosity oils. 

When comparing the 
different routes, the 
uneven topography of the 
urban route in Romsey, 
UK and the rural route in 
Spain lends to creating 
greater load conditions 
thereby decreasing the 
effectiveness of the low 
HTHS viscosity oils. As 
such the greatest reduc-
tion in fuel consumption 
was 8.84% utilizing oil 
formulation C5 with the 
urban route in Valencia, 
Spain, due to its even 
terrain. It is evident that 
while decreasing oil 
viscosity is necessary to 
improve fuel economy, 
it is also vital to create a 
synergistic effect be-
tween the driving con-

Figure 1. The correlation between the kinematic 
viscosity at 100 °C and fuel efficiency improvement 
(FEI) in NEDC mode using 1.5–1.8 L gasoline engines. 
Source: Ishizaki et al.
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ditions of the vehicle as 
well as the lubricating oil 
to maximize fuel econo-
my reduction.

Yet, it is not possible 
to recreate favorable 
conditions such as 
modifying infrastruc-
ture and terrain. Thus, 
certain additives are 
added to lubricating oils 
to augment their proper-
ties. Friction modifiers 
(FM) are additives used 
to reduce friction and 
wear between surfac-
es, particularly during 
boundary lubrication. For 
example, molybdenum 
dialkyldithiocarbamate 
(MoDTC) is a well-known 
friction modifier, which 
reduces friction between 
two surfaces by creating 
a molybdenum disul-
fide tribofilm. Glyceryl 

mono-oleate (GMO) as an 
organic friction modifier 
reduces the interaction 
between surfaces due 
to its linear alkyl radical 
and strong adsorption 
sites, inhibiting tribo-
film formation from zinc 
dialkyldithiophosphate 
(ZnDTP) that can increase 
friction, and polymer type 
friction modifiers (PFM), 
which reduce friction as 
they can be created to ad-
sorb specifically to polar 
surfaces. 

Comparing the differ-
ent FMs, an SAE techni-
cal paper³ by Yamamoto 
et al. proved that all 
of the FMs performed 
better than an identi-
cal oil without FM, but 
most notably the MoDTC 
FM performed the best 
throughout all tests, even 

during cold starts when 
oil temperature is low. 
Although low viscosity 
lubricating oils excel 
during hydrodynamic lu-
brication conditions, they 
suffer immense friction 
during boundary lubri-
cation, so the addition of 
FMs can prevent solid 
surfaces from coming 
into direct contact. It was 
found that the optimal FM 
should not significantly 
affect the oil viscosity 
and so its molecular 
weight must be mini-
mized. Furthermore, an 
FM may include polar 
groups within its struc-
ture to form an adsorp-
tion film between metal 
surfaces to increase the 
oil film thickness. An 
optimized FM is vital as 
they partially negate the 

effects of decreasing 
film thickness, especially 
since decreasing oil vis-
cosity typically decreases 
the average minimum oil 
film thickness. Thus, the 
movement towards thin-
ner lubricating oils must 
also drive the develop-
ment of proper additives 
to maximize efficiency.

As such the proper 
optimization of lubricat-
ing oil properties can 
allow for far greater 
improvements when done 
correctly. For instance, 
a study4 by Kocsis et al. 
in the SAE International 
Journal of Fuels and Lu-
bricants, 2017, optimized 
a lubricating oil from 
observing the properties 
of lubricating oils of vary-
ing viscosities from SAE 
10W-40 to SAE 0W-16 and 

https://bit.ly/2BXwmZq
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lubricating oils of consis-
tent viscosity but varying 
FM levels. The optimized 
lubricating oil was grad-
ed as a 0W-20 oil with 
medium FM levels, and in 
comparison to a standard 
0W-16 oil the optimized 
0W-20 formulation 
increased fuel economy 
by a factor of 2 to 3, while 
also maintaining reduced 
friction across all lubri-
cation regimes. The im-
provements made to the 
optimized oil formulation 
indicate the consider-
able benefits of properly 
synergizing a lubricating 
oil and additives. As such, 
improvements made to 
the new SAE 0W-8 may 
improve fuel economy by 
a significant margin.

The creation of effi-
cient lubricating oils 
is necessary to reduce 
greenhouse gas (GHG) 
emissions; yet, it is vital 
to analyze the potential 
fuel economy improve-
ment with respect to both 
viscosity and a life-cycle 
CO2 emission analysis 
of the lubricating oil in 
order to determine the 
holistic benefits. Ishizaki 
et al.5 correlated the fuel 
efficiencies of engine 

oils from literature with 
kinematic viscosity. 
ULV-PAO wins out in FEI 
but the greatest concern 
is its production costs, 
as PAO is typically more 
expensive. At oil drain-
age intervals of 7,500 km 
ULV-PAO shows a 0.1% 
reduction in life cycle 
CO2 emissions compared 
to ULV-Mineral Oil. To 
counteract production 
costs, it is possible to 
improve the NOACK vola-
tility and possibly double 
the oil drainage interval 
of ULV-PAO to achieve 
a 0.7% reduction of life 
cycle CO2 emissions. In 
the future, improving the 
NOACK volatility of oils 
will be vital as viscosity 
improvements steadily 
reach their maximum 
limits.

Currently, the thin-
ning of lubricating oils 
has been driven by the 
necessity to improve 
interactions between 
humans and the envi-
ronment. While lubri-
cating oils may seem 
trivial in comparison to 
completely removing 
fossil fuels by replacing 
gasoline with renewable 
fuel alternatives, these 

lubricating oils are vital 
beyond the transition 
from fossil fuels, due 
to their immense appli-
cations and utilization 
in reducing friction and 
wear between moving 
components. Current 
research on lubricating 
oils has unanimously 
agreed on the benefits 
provided by reducing 
lubricating oil viscosity 
and the use of high-per-
formance friction 
modifiers. However, the 

single-minded pursuit of 
simply lowering viscos-
ity will not efficiently 
improve fuel economy 
and reduce greenhouse 
gas emissions. Instead, 
it is salient that research 
continues to analyze all 
facets of lubricating oil 
that may be improved 
and properly synergize 
the benefits provided by 
a reduction in viscosity 
and the further contribu-
tion additives could bring 
to the table. 
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China revises law on new chemical 
substances

China has revised its 
legislation on the regis-
tration of new chemical 
substances. The newly 
updated Measures for the 
Environmental Manage-
ment Registration of New 
Chemical Substances 
(MEE Order 12) were pub-
lished by the Ministry of 
Ecology and Environment 
on 7 May 2020 and will re-
place existing legislation, 
MEP Order 7, on 1 January 
2021.    

Heng Li, a senior asso-
ciate at global law firm 
Mayer Brown, provided 
an assessment of the 
new legislation during 
a Chemical Watch pre-
sentation in June 2020. 
Li is involved in Mayer 
Brown’s Global Chemical 
Management Program 

and is responsible for 
monitoring developments 
on chemicals control 
internationally. Founded 
in 2007, Chemical Watch 
is a global provider of 
independent intelligence 
on managing chemicals 
for product safety profes-
sionals.

Updated regulations 
present practical consid-
erations for companies 
who supply to, and manu-
facture in China. “Compli-
ance no longer means just 
getting the registration 
done,” says Li. Enhanced 
post-registration re-
quirements will affect 
companies throughout 
the supply chain, with-
in or outside of China, 
directly and indirectly. 
Some companies will face 

increasing regulatory 
burden, she says, partic-
ularly those dealing with 
highly hazardous sub-
stances (HHS), persistent 
bioaccumulative (PB) and 
bioaccumulative toxic (BT) 
compounds. 

The Mayer Brown rep-
resentative emphasised 
the importance of strong 
internal compliance 
procedures. “Now is the 
right time to audit and up-
date internal compliance 
systems,” says Li. It is 
also necessary to ensure 
appropriate contracts are 
in place with suppliers, 
including the consider-
ation of compensation for 
possible losses through 
partner non-compliance.

Administration fines 
for MEE Order 12 re-

main consistent with the 
previous classification at 
CNY30,000 (~USD 4,231). 
However, additional 
penalties can be triggered 
through non-conformity 
including punishment 
under China’s social 
credit systems and the 
non-acceptance of future 
registration applications 
within one or three years. 
The additional penalties 
are serious, says Li, with 
far-reaching implications 
for businesses.  

The scope of the law 
has undergone a signif-
icant change with the 
introduction of “new use 
management.” New use 
management applies to 
HHS, PB, persistent toxic 
(PT) and BT chemicals 
registered under the 
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standard registration. 
Even if a substance is 
already present in China’s 
chemical inventory of 
existing chemical sub-
stances (IECSC) it will be 
considered a new sub-
stance if the substance is 
used for other purposes. 
This is a new concept in 
China’s new chemical reg-
ulation process, though it 
is similar to the European 
Union’s REACH chemi-
cal regulation, which is 
use-specific and partially 
company-specific, says Li.

Exemptions in MEE 
Order 12 are “generally 
similar” to MEP Order 7, 
says Li. Three types are 
expressly exempt includ-
ing fertiliser, re-exported 
and radioactive sub-
stances. The Ministry of 
Ecology and Environment 
is reportedly developing 
further guidance doc-
umentation. Whether 
additional exemptions will 
be included when detailed 
guidance is released is as 
yet unknown.

MEE Order 12 includes 
several changes to the 

regulatory framework. 
The three registration 
types (standard, simpli-
fied and filing notification) 
remain the same, how-
ever, manufacturing or 
import tonnage thresh-
olds under each regis-
tration have been lifted 
in the revised regulation. 

Standard registration ap-
plies to volumes equal to 
or greater than 10 tonnes 
per year (t/y); simplified 
registration includes 
volumes of 1-10 t/y, and 
levels below 1 t/y involve 
filing notification only. 
Polymer concentrations 
below 2% or polymers of 

low concern require only 
filing notification, irre-
spective of volume. 

Data requirements now 
include a “socio-economic 
benefit analysis” for HHS 
and a “letter of commit-
ment” for the standard 
registration on the “im-
plementation or commu-
nication of environmental 
risk control measures 
and environmental 
management require-
ments.” Also, there is an 
obligation to submit any 
other information on the 
environmental and health 
hazards and environ-
mental risks a registrant 
“holds”. This issue has 
broad global implica-
tions, says Li. Information 
acquired in other jurisdic-
tions may need to be sub-
mitted to China. Ambiguity 
around the term “holds” 
is also of primary con-
cern. Companies will be 
seeking clarification when 
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MEE detailed guidelines 
become available.

While Li contends that 
the registration process 
remains “generally the 
same,” decision making 
on standard and simpli-
fied registration is now 
mainly risk-based, she 
says. There have been 
some improvements 
made to post-registra-
tion obligations in MEE 
Order 12. Annual report-
ing is only required for 
substances designated 
by MEE. This will reduce 
the regulatory burden on 
some companies. Still, 
various new require-
ments have been intro-
duced, many of which 
apply more broadly than 
to just the registration 
certificate holder. Man-
ufacturers, importers, 

processors, users and 
even researchers may 
be impacted by these 
commitments and may 
be obliged to release 
additional information 
or inform of any known 
environmental or health 
hazards.

Public consultation on 
MEE Circular Concerning 
Transitional Arrangements 
for the Environmental 
Management Registration 
of New Chemical Sub-
stances arrangements was 
completed between 3-20 
June. These draft transi-
tional arrangements were 
created to clarify how MEE 
Order 12 applies to two 
specific types of substanc-
es, those that have already 
been registered under MEE 
Order 7, and registrations 
that have been accepted 

before the new law change 
but not completed due to 
procedural reasons. The 
requirement to resubmit 
a registration under MEE 
Order 12 due to procedural 
delays or to simply change 
the content of a previously 

approved certification has 
been highly controversial, 
says Li. 

New substances regis-
tered under MEE Order 12 
will be included in IECSC 
five years after the date of 
first registrations.  

https://bit.ly/2XnqNuB
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It might be a matter of 
when, not if, New Zea-
land (NZ) loses its only oil 
refinery as Refinery NZ, 
the company that operates 
the Marsden Point facility, 
contends with historically 
low margins. In a triple 
blow, the company is 
facing increasing pressure 
from mega refineries in 
China, South Korea, Singa-
pore and India that offer a 
cheap supply due to scale, 
lower fuel prices, and the 
decimation of aviation and 
maritime fuel demand by 
Covid-19. It has been re-
ported that the refinery’s 
margin fell to historic lows 
of just USD0.67 a barrel 
in March-April 2020 amid 
New Zealand’s enforced 
lockdown, from histor-
ical averages of around 
USD5.00.

Refining NZ kicked off 
a review of the funda-
mentals of its business in 
April 2020, which included 
the role it plays in New 
Zealand's fuel supply 
chain and the potential 
impact of a low carbon 
future. The first stage of 
the strategic review was 
released in June. 

The company has ruled 
out a complete shut-
down of the refinery, but 
has confirmed that the 
business model needs 
to change. Options to 
reduce operating costs 
and make the operation 
more viable are being 
evaluated including 
simplifying refinery 
operations or conversion 
to an import-only termi-
nal. A further update on 
the strategic review is 

expected at the end of the 
September quarter this 
year.

Construction of Marsden 
Point refinery commenced 
in 1962 and was completed 
two years later, at a cost 
of NZP10 million¹. The 
Northland location was 
originally selected due to 
its proximity to a deep-wa-
ter port, expanses of flat 
land, and closeness to 
major population centres. 
The refinery was initial-
ly designed to produce 
65,000 barrels per day 
(b/d). Today, the crude oil 
capacity is 135,000 b/d. 

Operating 24 hours a 
day, seven days a week, 
365 days a year, the 
manufacturing facility 
produces a wide range 
of premium and regular 
gasoline, automotive and 

marine diesel fuel, avia-
tion and lighting kerosene, 
fuel oils and bitumen for 
the New Zealand market. 
A substantial expansion 
was completed in the 
mid-1980s, and a series of 
growth projects since 2005 
have lifted the refinery’s 
capacity and capabili-
ties — at a further cost of 
NZD735 million (USD482 
million).

Construction of a 
168-kilometre pipeline in 
the 1980s has provided a 
competitive advantage by 
connecting the refinery 
with the Wiri Oil Termi-
nal in Auckland, New 
Zealand’s largest city. 
The pipeline transports 
petrol, diesel fuel, and 
jet fuel with an average 
throughput of 320,000 
litres per hour.

Refining NZ considering transition  
to import only model

Photo courtesy of Refining NZ
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The toll refiner process-
es crude oil imported by 
oil company customers, 
Z Energy, BP and Mobil 
into high-quality transport 
fuels. Its two primary in-
come sources come from 
processing fee income and 
pipeline fee income, with 
additional fees for refining 
crude and other feedstock. 
With margins expected to 
remain low for an extend-
ed period, the company 
has been propped up by 
its three major customers 
who pay a “fee floor” when 
margins drop below fixed 
operating costs levels.

Refinery NZ is the lead-
ing supplier of refined pe-
troleum products in New 
Zealand, accounting for 
70% of the domestic mar-
ket. Marsden Point cur-
rently produces 85% of the 
country’s jet fuel, 67% of 
diesel fuel, 58% of petrol, 
and all fuel oil for ships. 
Half of the fuel production 
travels via pipeline to Wiri 
for storage and distribu-
tion. The remaining 30% 
of fuel product demand is 
satisfied by imports from 
the Asia-Pacific region.

The next stage of the 
strategic review encom-
passes detailed planning 
on simplifying the refinery 
and further exploration 
of the option where the 
company no longer refines 
fuel locally.

Some believe the 
decision is essentially 
made and the company 
will eventually transition 
to an import-only mod-
el. Not only are Mobil, Z 
Energy and BP the largest 
customers of Refining NZ, 
they are also major share-
holders.  The company’s 
communications have also 

suggested they will focus 
fuel supply efforts on the 
Auckland and Northland 
markets.

BP has previously 
confirmed support for the 
direction Refining NZ is 
taking, while local opera-
tor Z Energy has indicated 
a “strong preference” 
to turn the Northland 
facility into an import-only 
terminal. Z Energy Chief 
Executive Michael Ben-
netts suggests they are at 
a significant disadvantage 
when competing against 
larger refineries with low-
er operating costs. 

A potential shift to im-
porting could have major 
implications for North-
land. Refining NZ has al-
ready indicated this option 
would lead to a substantial 
downsizing of the facility. 
Many locals are fearful 
of the impact on the local 
economy. Marsden Point 
employs 400 permanent 
staff and a fluctuating 
number of contractors. 
First Union organiser Jus-
tin Wallace has claimed 
the refinery “directly or 
indirectly” provides work 
for 3,500 people and con-
tributes 8% of Northland’s 
regional gross domestic 
product (GDP). 

Shane Reti, National 
Party minister of Parlia-
ment for Whangarei is said 
to be “very concerned” 
about potential job losses. 
In June, Wallace told me-
dia outlet Stuff that plans 
to develop a proposal for 
a "green hydrogen" plant 
at Marsden Point, which 
could maintain much of 
the existing workforce, 
have not advanced to an 
application for funding 
through the Provincial 

Growth Fund. 
Refining NZ’s facility 

produces around 130 
tonnes of hydrogen per 
day. Submissions on the 
government’s hydrogen 
discussion document by 
Dr. Julian Young, chief 
development officer at 
Refining NZ, suggests 
there is “real potential for 
green hydrogen to make 
a significant contribution 
to reducing carbon dioxide 
emissions from transport 
and industrial processes 
in energy-intensive indus-
tries including refining.” 
Young’s submissions 
called for policy frame-
works for the domestic hy-
drogen industry given the 
high cost of manufacturing 
green hydrogen. 

The shift to an im-
port-only model has also 
raised concerns around 
fuel security. Refining NZ 
has dismissed these fears, 
citing an ability to source 
refined fuels from multi-
ple locations to minimise 
supply risks. Local low-

cost operator Gull Petro-
leum is already sourcing 
the majority of its fuel this 
way. Before opening the 
Marsden Point facility, 
all fuels were imported 
into New Zealand by oil 
companies.

Cost competitiveness 
of refineries is not just a 
local issue. New Zealand’s 
big brother across the 
ditch, Australia, has pro-
gressively shut down re-
fineries over the past few 
years including: Western-
port in 1984, Matraville in 
1985, Port Stanvac in 2009, 
Clyde in 2012, Kurnell in 
2014 and Bulwer in 2015.  
The announcement of a 
temporary shutdown of 
the Caltex Lytton refinery 
in Brisbane in May, one of 
four remaining oil refiner-
ies, is a further indictment 
on the ability of smaller 
regions to compete with 
larger-scale markets — 
particularly during difficult 
operating conditions 
where global fuel demand 
has plummeted.  

¹ New Zealand stopped using the New Zealand pound in 1967.

Photo courtesy of Refining NZ
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It is less than a year 
until the XXXII Olympiad 
is scheduled to kick off in 
Tokyo, Japan, following 
a year-long delay due 
to Covid-19. As is cus-

tomary, the lead up to 
the games includes the 
Olympic torch relay, which 
formally ends when the 
Olympic cauldron is set 
alight inside the stadium. 

In Tokyo, the Olympic 
flame will be fuelled by 
hydrogen for the first 
time. The 2021 event has 
been dubbed by some as 
the “hydrogen games” as 

Japan looks to showcase 
the country’s commitment 
to hydrogen and drive 
global awareness of the 
clean, efficient, and reli-
able technology. 

European Commission publishes hydrogen 
strategy for a climate neutral Europe
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Toyota is supplying 100 
hydrogen fuel cell buses 
and 500 Mirai fuel cell 
vehicles for the trans-
portation of competitors, 
officials, staff and VIPs 
around the Olympic 
village and metropolitan 
area. The village itself will 
be a miniature hydrogen 
society, showcasing a 
potential energy future. 
Other countries are also 
conscious of hydrogen’s 
vast potential. China 
and the United States 
are investing heavily in 
hydrogen research and 
technology. 

Hydrogen’s versatility 
as a feedstock, a fuel 
or energy carrier and 
storage; and its broad 
application across indus-
try, transport, power and 
building sectors; means 
it is destined to play a 
critical role in global 
energy transformation. 
The European Union 
(EU) has recognised the 
importance of developing 
a hydrogen economy. On 
8 July 2020, the European 

Commission published “A 
hydrogen strategy for a 
climate-neutral Europe.” 

Renewable electricity is 
expected to decarbonise 
a large portion of the EU’s 
energy consumption by 
2050. It is anticipated that 
hydrogen will play a sup-
plementary role to clean 
electricity — bridging the 
gap in hard to electrify 
sectors and applications, 
and settling seasonal 
variations. The strategic 
roadmap claims Europe is 
well-positioned to benefit 
from clean hydrogen as 
part of the European 
green deal and focuses on 
fast, large-scale deploy-
ment of clean hydrogen 
to achieve decarbonisa-
tion ambitions.  Share 
of hydrogen in Europe’s 
energy mix is projected to 
grow from less than 2% 
to 13-14% by 2050. Some 
analysts have estimated 
clean hydrogen will meet 
24% of energy world de-
mand by 2050.

Hydrogen does not emit 
carbon dioxide (CO2) when 

used. While this sounds 
promising, the reality 
is somewhat different. 
Currently, almost all hy-
drogen is produced from 
fossil fuels, most nota-
bly natural gas or coal. 
Production emits 70-100 
million tonnes of CO2 into 
the atmosphere annually. 
Renewable, or “green”, 
hydrogen produced by 
water electrolysis where 
the electricity stems from 
renewable sources ac-
counts for less than 0.1% 
of global production.   

The EU hydrogen 
roadmap indicates clean 
hydrogen will contribute 
to a reduction in green-
house gases (GHG) ahead 
of 2030 and will pave the 
way to a climate-neutral 
economy in 2050 by re-
placing hard to decarbo-
nise sectors. The report 
also suggests it can play a 
pivotal role in the post-
Covid-19 recovery of the 
EU economy.  

It will not be without 
complication. The docu-
ment identifies a vision of 

how the EU can turn clean 
hydrogen into a viable 
solution and addresses 
key challenges and a 
roadmap of actions. Hy-
drogen provides a unique 
opportunity for innova-
tion, but it will require 
ambitious and well-co-
ordinated policies at a 
national and European 
level. Renewable hydro-
gen produced from wind 
and solar power is the 
“priority focus” in the EU’s 
strategic roadmap.    

A key limiting factor is 
that renewable hydrogen 
and low-carbon hydro-
gen, which encompasses 
fossil-based hydrogen 
with carbon capture and 
electricity-based hydro-
gen, are substantially 
more expensive than 
fossil-based hydrogen. 
Costs of renewables are 
dropping. In the last 10 
years costs of electrol-
ysers have declined by 
60%. Prices are expected 
to become competitive 
with fossil-based hydro-
gen by 2030.

The roadmap outlines 
a phased approach to 
developing Europe’s hy-
drogen economy with an 
initial target of 1 million 
tonnes of renewable 
hydrogen by 2024. Invest-
ment will scale up with a 
minimum of 6 Gigawatts 
(GW) renewable hydrogen 
electrolysers installed 
alongside efforts to de-
carbonise existing hydro-
gen production by retro-
fitting plants with carbon 
capture and storage 
technology. Development 
of a regulatory framework 
for a well-functioning 
hydrogen market is a key 
component of phase one. Photo courtesy of Toyota Motor Corp.
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Between 1.5 and 2.3 GW of 
new renewable hydrogen 
production is currently 
under construction or has 
been announced. 

Europe aims to produce 
10 million tonnes by 2030, 
with 40 GW of renewable 
hydrogen electrolysers to 
be installed. Investment 
in electrolysers could 
range from EUR24-42 
billion (USD27-47 billion) 
across the EU by 2030. 
By 2030, half of existing 
fossil-based hydrogen 
plants will be retrofitted 
to produce low-carbon 
hydrogen. Retrofitting is 
expected to cost EUR11 
billion (USD12.5 billion) 
by 2030. By 2030, the EU 
aims to have an open and 
competitive hydrogen 
market.

By 2050, hydrogen tech-
nology will reach matu-
rity with deployment on a 
large scale to reach hard 
to decarbonise sectors. 
An additional investment 
of EUR220-340 billion 
(USD250-387 billion) is 
identified in the roadmap 
to scale up solar and wind 

energy production and 
achieve dedicated capacity 
of 80-120 GW. The newly 
established Clean Hydro-
gen Alliance will play a 
central role in facilitating 
and implementing the 
strategy — in particular, 
the investment agenda.

Even before its official 
publication, the draft 
roadmap was met with 
stiff opposition from sev-
eral industry groups. 

The International As-
sociation of Oil and Gas 
Producers warned the 
EU's hydrogen strategy 
is “bound to fail” if it fo-
cuses only on renewable 
hydrogen from electroly-
sis. A letter addressed to 
Executive Vice President 
of the European Commis-
sion, Frans Timmermans, 
on 24 June 2020, from 
an industry coalition 
bemoaned the nar-
row definition of “clean 
hydrogen” and called for 
a technology-neutral ap-
proach. A heavy focus on 
hydrogen produced from 
renewable electricity will 
be insufficient to develop 
a commercial market for 
clean hydrogen in the next 
decade, they say. 

While recognising that 
renewables are the end 

game, the letter called for 
an inclusive approach that 
deploys “all clean hydro-
gen production pathways 
including electrolysis, 
methane pyrolysis and 
natural gas reforming in 
combination with carbon 
capture, utilisation and 
storage.” This approach, 
they say, provides a great-
er opportunity to generate 
a hydrogen economy of 
the necessary scale to 
ensure it is cost-com-
petitive. The letter’s 33 
signatories include oil 
majors, energy trade 
associations, coalitions of 
oil & gas, steel, ceramics 
and several major users 
of hydrogen.

Meanwhile, Evonik, 
one of the world lead-
ers in specialty chemi-
cals, is striving to make 
“green” hydrogen more 
affordable. The central 
component of an elec-
trolyser is an ion-con-
ducting membrane. The 
German company has 
developed a novel anion 
exchange membrane 
(AEM) it believes could 
be a breakthrough in the 
commercial realisation of 
economically viable and 
highly efficient electroly-
sis.  
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The production and 
combustion of fossil fuels 
continue to emit a variety 
of air pollutants that can be 
harmful to both the envi-
ronment and public health. 
Yet, concerns around 
the impact of fossil fuels 
have taken a back seat 
as Covid-19 continues to 
inflict far-reaching health, 
economic and social con-
sequences. The Covid-19-
enforced global slowdown 
has provided momentary 
relief for the environment. 
Pollution and greenhouse 
gas emissions have fallen 
dramatically, providing a 
beacon of hope for tackling 
climate change.

A report on the impact of 
Covid-19 on global energy 
demand and carbon dioxide 
(CO2) emissions, released 
by the International Energy 
Agency (IEA) in April 2020, 
projects the world’s CO2 
emissions will fall by 8% 

this year — to levels last 
seen a decade ago. This is 
the largest ever recorded 
year-on-year reduction, 
six times greater than the 
2009 declines attributed to 
the Global Financial Crisis 
(GFC). IEA’s estimates are 
based on assumptions 
around lockdown timings, 
school and business clo-
sures, curfews, with these 
restrictions gradually easing 
over the coming months. 

Hopefully, the cleaner air 
we are enjoying provides 
a sneak peek into a future 
of lower pollution, reduced 
health care costs, and 
more sustainable practices. 
There are fears a rebound 
in emissions will exceed 
the declines, restoring 
the long-term trend. In 
2010, following the GFC, 
CO2 emissions recorded 
the highest year-on-year 
increase on record.  

In the report, IEA em-

phasised the significance 
of directing stimulus and 
recovery investment into 
an energy infrastructure 
that aligns with medium- 
and long-term priorities 
to accelerate the shift to a 
sustainable decarbonised 
economy.

The inaugural Global 
Renewables Outlook was 
released by the Interna-
tional Renewable Energy 
Agency (IRENA) in April 
2020. The Outlook reviews 
the ongoing global energy 
transformation and out-
lines a vision for trans-
formative energy policies 
— including a pathway 
to cut CO2 emissions to 
net-zero and potentially 
zero beyond 2050. IRENA 
is an intergovernmental 
organisation that serves 
as the principal platform 
for international coopera-
tion on renewable energy 
based in Abu Dhabi, UAE.

Notwithstanding a 
fleeting drop in emissions, 
The Outlook highlights a 
widening gap between rhet-
oric and reality in tackling 
climate change. Over the 
past decade, global ener-
gy-related CO2 emissions 
have risen by 1% annually 
and the negative impacts 
of climate change are be-
coming more pronounced. 
While some countries 
are pursuing net-zero 
emissions, others lack the 
necessary policy targets to 
initiate meaningful change.  

There are some positives. 
The Outlook confirms re-
newable power generation 
growth exceeded overall 
power demand in 2019, 
signalling declines in fossil 
fuel-based generation. 
Solar PV and wind are dom-
inating the global market 
for new power generation 
capacity. IRENA’s research 
also points to early signs of 

Global Renewables Outlook: The gap  
between rhetoric and reality is widening
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a disruptive acceleration in 
the electrification of trans-
port. Though, the agency 
advises that energy-in-
tensive sectors, such as 
building and industry, are 
too slow to adopt renew-
able technology. 

Renewables, efficiency, 
and electrification provide 
a clear focus for action, 
says IRENA. However, 
there is a need for regions 
and countries to raise 
their level of ambition. 
Nationally Determined 
Contributions (NDC) with-
in the Paris Agreement 
framework only deliver 
40% of renewable elec-
tricity deployment needed 
by 2030. Will Covid-19 
raise ambition and en-
courage us to accelerate 
the decarbonisation of our 
societies? Or will further 

inaction widen the gap?
IRENA’s Global Renew-

ables Outlook presents 
several possible pathways 
to decarbonisation, all with 
different outcomes, and 
encourages us to pick the 
right path to secure our en-
ergy future. An “ambitious 
yet technically and econom-
ically feasible pathway” to 
create a sustainable energy 
future is provided. “I hope 
sincerely that this new pub-
lication helps to show the 
way,” says Francesco La 
Camera, director-general 
of IRENA.

A “Planned Energy 
Scenario (PES)” is based 
on governments’ current 
energy plans and policies 
as of 2019, including NDCs 
under the Paris Agreement. 
IRENA’s “Transforming 
Energy Scenario (TES)” of-

fers a climate-safe pathway 
based largely on renewable 
energy sources and steadily 
improving energy efficiency. 
TES will maintain global 
temperatures “well below” 
2 degree Celsius (°C) in line 
with the Paris Agreement. 

A Deeper Decarbonisation 
perspective (DDP) goes 
even further, offering 
possibilities for accelerat-
ed action that will reduce 
energy and process-related 
CO2 emissions to zero in 
2050-2060.
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maximize your returns on investment by enhancing process effectiveness and uptime, as well as cutting costs, 
schedule and risks in both exisiting and future facilities. Visit abb.com/chemical

https://bit.ly/30nz6bM


42 F+L Magazine   Quarter Three 2020

Unfortunately, current 
energy plans and policies 
are not going to cut it. The 
Outlook suggests PES will 
lead to a global tempera-
ture rise of 2.5% in the 
second half of the century. 
Energy-related CO2 emis-
sions reach 35 Gigatonnes 
(Gt) by 2030, dropping only 
slightly to 33 Gt by mid-cen-
tury, roughly today’s level. 
Primary energy demand 
increases to 710 exajoules 
(EJ) in 2050, with fossil fuel 
volumes remaining similar 
to today at 440 EJ. The re-
port notes a decline in coal 
production of 28% from 
2016 levels. Gas (+53%) and 
oil (+2%) both continue to 
rise under PES.

Conversely, TES rep-
resents dramatic declines 
in fossil fuel use, dropping 
by 75% in 2050, to 130 
EJ. Coal declines reach 
87% and oil is down 70%. 
Natural gas is projected 
to increase by 3% to 2030, 
followed by a sharp decline 
to 2050 (-41%). The share of 
renewables and efficiencies 
underpin a markedly differ-
ent scenario and account 
for 90% of energy-related 
emissions reductions. 
Renewables’ share reaches 
66% by 2050. Overall, 
primarily energy demand 
falls to 538 EJ in 2050 and 
energy-related emissions 
are projected at 9.5 Gt. To 
achieve TES an average 
annual drop in CO2 emis-
sions of 3.8% is necessary 
until 2050.

Even if we choose this 
ambitious pathway, IRENA 
submits that energy-inten-
sive industries, shipping 
and aviation will continue 
to be heavy emitters of CO2 
by 2050. Removing the last 
third of global emissions 

is difficult to eliminate 
and costly, says IRENA. 
The DDP describes how to 
reduce the remaining emis-
sions to zero in the 2050 
to 2060 timeframe. The 
Outlook identifies additional 
renewable energy, direct 
electrification and “green 
hydrogen” as key enablers 
of these additional reduc-
tions. 

TES requires significant 
investment, USD110 trillion 
by 2050 or 2% of GDP 
throughout the forecast 
period, 80% of which needs 
to be investment in “renew-
ables, energy efficiency, 
end-use electrification, and 
power grids and flexibility.” 
An annual investment of 
USD3.2 trillion is signifi-
cantly higher than historical 
levels of USD1.8 trillion per 
year that occurred between 
2014-2018. Though, The 
Outlook suggests even PES 
requires USD2.9 trillion 
per year of contributions to 
the global energy system. 
DDP needs an additional 
USD20 trillion investment in 
addition to TES. 

While this financing may 

seem heavy, the report 
highlights a potential pay-
back of between USD3 and 
USD8  for every USD1 spent 
in TES, through reduced 
environmental and health 
externalities. The report 
also emphasises greater 
job growth — seven million 
more jobs economy-wide
compared to current plans 
— cleaner living conditions, 
higher economic growth, 
and significantly improved 
welfare. Incremental 
GDP growth of 2.4% by 
mid-century equates to an 
additional USD98 trillion — 
outrunning the investments 
required to transform our 
energy system. The trans-
formation pays for itself, 
says IRENA. 

80% of solar PV and wind 
projects to be commis-
sioned in 2020 will produce 
electricity cheaper than 
any fossil fuel alternative, 
says IRENA. An accelerated 
decline in costs sees elec-
tricity become the central 
energy carrier by 2050 in 
TES reaching 50% share of 
final consumption, up from 
20% today. TES estimates 

EV volumes will increase 
from 8 million in 2019 to 
more than 1,100 million. 
The scenario also calls for 
a ten-fold increase in heat 
pumps installed by 2050.

Synergies between 
renewable energy sources 
will play a vital role in our 
energy future. Cost-effec-
tiveness of hydropower 
will counteract seasonality 
and short-term variability 
of wind and solar genera-
tion. The Outlook identifies 
the significant scale-up 
potential of hydropower, 
bioenergy, solar thermal 
and geothermal renew-
able energy. Bioenergy 
will play an important role 
in sectors where it is diffi-
cult to electrify, achieving 
23% share of primary 
energy in TES, up from 
10% in PES. IRENA also 
recognises the impor-
tance of green hydrogen, 
produced by renewable 
electricity through elec-
trolysis, indicating it will 
become cost-competitive 
with “blue” hydrogen in 
the next few years in cer-
tain locations. 
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ALMU/ 
F+L WEEK 2021

Training 
Courses 

Lubrication Challenges of 
Electric Vehicles

10 March 2021

DR. EDWARD BECKER
President & Founder, Friction & 

Wear Solutions, LLC

Learn lubrication fundamentals 
and how they apply to current 

and future automotive propulsion 
systems.

ALMU Technical Course on 
Industrial Oils & Fluids

8 March 2021

RITA CHEE
Product Manager, Metalworking

Lubrizol Additives

LIM CHOON NOI
Senior CTS Specialist
Afton Chemical Asia

W W W . F L W E E K . F U E L S A N D L U B E S . C O M

8-10 March 2021
Bangkok, Thailand

Developing and Managing 
Metalworking Fluids for 

Sustainable Success
9 March 2021

PATRICK E. BRUTTO
M.Sc., CMFS

Learn about fluid problems and 
their causes, and ways to minimise 

the risk of failure.

http://bit.ly/2SlFStB


Continuing on our tradition 
of being First with the Latest, 
F+L Webcast is the first in our  
industry to provide news and 
opinion on a wide variety of 
industry themes via podcast.

NEVER MISS  
AN EPISODE!

SCAN THIS QR CODE 
TO SUBSCRIBE

R E A L  C O N V E R S A T I O N .  R E A L  I N D U S T R Y  I S S U E S .

https://bit.ly/2V2pNtW



