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As we finalise this issue of F+L Magazine, we are still in the 
stranglehold of COVID-19, a pandemic unlike anything we've seen before. 
There are emerging signs that the health impacts of this deadly virus 
may soon be contained, but it will be a long road to recovery from a fiscal 
standpoint. 

This sustained crisis is having a destructive impact on financial 
markets and the global economy.  All supply chains are struggling 
with tremendous end-to-end disruption including business closures, 
cessation of factory outputs and interruption of global manufacturing. 
We are all hopeful that some semblance of normality will return in the 
near future, though, the likelihood is that there will be a “new normal” in 
a post-COVID-19 world. In this issue of F+L Magazine, we take a look at 
the potential reengineering of supply chains in China, and how business 
models that were used in the past will have to change in the future.

Some of the discussion on post-pandemic recovery plans is focused 
on building sustainable economies. The European Union is pushing 
forward with its Green Deal with the release of binding legislation to 
ensure climate neutrality by 2050. We review the impacts of the proposed 
European Climate Law on page 41.

Every region of the world has the potential to produce biogas and 
biomethane as a sustainable source of local energy, however, these 
energy sources currently account for only 3% of total bioenergy demand.  
On page 14, we explore the potential for biogas and biomethane. We 
consider another of the growing environmentally friendly renewable 
energy sources on page 24. The wind power industry has enjoyed 
unprecedented growth over the past few years. We examine the crucial 
role lubrication plays in the reliability of a wind farm, as well as emerging 
trends in wind turbine lubrication including Neste and Evonik’s attempt to 
break into a wind turbine market dominated by PAOs.

As many regions of the world look to strengthen their sustainable 
practices, the release of the Safer Affordable Fuel-Efficient (SAFE) 
Vehicles Rule has seen the United States soften their fuel economy 
standards to put “safety and American families first” and reinvigorate a 
struggling automotive industry. Criticism has been swift and sharp with 
many fearing lower fuel economy standards will leave the U.S. out of step 
with other developed nations. We look at the impacts of this change on 
page 28.  

Despite recent changes, electric vehicles (EV) remain poised to become 
the future of personal transportation. In EVs, the role of lubricants 
extends beyond their traditional bounds. The primary challenge in 
electric motors is cooling, not lubrication. On page 18, we investigate the 
implications of thermal management on lubricant formulation and battery 
design. We also discuss how a shift to EVs is creating an unclear future 
for automotive greases on page 30.

Please stay safe during these uncertain times.

A sustained crisis

Vicky Villena-Denton
Editor-in-Chief & CEO

EDITORIAL
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Last December, China 
warned the World Health 
Organisation (WHO) of 
several cases of unknown 
and unusual pneumonia 
in the city of Wuhan. The 
COVID-19 virus, believed 
to have originated at the 
Huanan Seafood market, 
has since spread to the 
far reaches of the globe 
with speed and severity 
that has crippled health-
care systems in some 

Reengineering supply chains and shaping 
the “next normal” in post-Covid 19 China 

of the most advanced 
nations of the world and 
forced much of the planet 
into lockdown.

While the health 
impacts may soon be 
contained, the economic 
effects of COVID-19 are 
likely to be felt for years 
to come. Some analysts 
have predicted a pro-
longed recession with 
gravity not seen since the 
Great Depression in the 

1930s. As governments 
attempt to balance the 
containment of the virus 
alongside a reopening of 
their economies, com-
panies are taking drastic 
measures to reduce costs 
and increase efficiency. 
Enterprises unable to 
temporarily increase effi-
ciency can only cut costs. 

All supply chains are 
struggling. There has 
been tremendous end-

to-end disruption — from 
raw materials, manu-
facturing, packaging, 
to transportation and 
distribution. Over the 
past two to three decades 
supply chains have be-
come progressively more 
complex, and global, 
with the pipeline of parts 
and components becom-
ing increasingly Chi-
na-centric. Cost-cutting 
measures such as lean 
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manufacturing, offshor-
ing and outsourcing have 
left many businesses 
vulnerable to impacts on 
nodes throughout their 
supply network.

Dependence on China 
in global supply chains 
cannot be overstated. 
In 2002, when the SARs 
respiratory illness 
hit Asia, China’s GDP 
accounted for just 4.31% 
of the world’s gross 
domestic product (GDP). 
In 2018, China represent-
ed 18.69% of the world 
economy. Production 
problems in China means 
problems for the entire 
world.    

COVID-19 has resulted 
in business closures, 
cessation of factory 
outputs and interruption 
of global manufacturing. 
However, there is light 
at the end of the tunnel. 
China has “basically 
recovered and is close to 
normal,” says Yuedi Wu, 
vice president of Shang-
hai Naco Lubrication Co. 
Ltd, one of the leading 
suppliers of synthetic 
base stocks in China, 
and chairman of the 
Shanghai Lubricant Trade 
Association (SLTA), the 
largest lubricant indus-
try association in China. 
Though, the return to any 
semblance of normality 
depends on the situation 
in the United States, Eu-
rope and India, he says. 

China’s economy 
shrank by 6.8% in the 
first quarter of 2020, 
the first retraction since 
records began in 1992. 
Speaking to reporters at 
a State Council briefing 
on 13 March, China’s Vice 
Industry Minister Xin 

Guobin announced that 
the work resumption rate 
outside of Hubei province 
was 95% for larger firms. 
Recent rises in traffic 
congestion, residen-
tial property sales, air 
pollution and coal con-
sumption also support 
Wu’s assertion that life is 
returning to normal. The 
biggest challenge facing 
the Chinese supply chain 
is uncertainty, says Wu, 
especially for import and 
export businesses. 

Until safe vaccines 
are widely available, Wu 
imagines isolation of 
sporadic infected peo-
ple and their resulting 
close contacts may be 
inevitable. “This makes 
railways, shipping, heavy 
trucks, and any other 
modes of transportation 
impossible to guaran-
tee,” he says. In addition, 
transport costs will 
become ever more com-
plex as businesses may 
face additional expenses 
on top of fuel costs and 
tolls to navigate ongoing 
outbreaks and accidental 
isolation. 

The lubricants indus-
try in China is relatively 
resistant to risk as the 
entire industrial chain is 
complete. “Most of the 
base oils can be self-sup-
plied,” says Wu. The two 
major global additive 
companies — Lubrizol 
and Infineum — already 
have production bases 
in China, while Chevron 
Oronite's is under con-
struction. Meanwhile, the 
domestic single-agent 
manufacturer level is 
also very mature, he 
says. Many domestic sin-
gle-agent manufacturers 

have become the main 
suppliers of the four ma-
jor international additive 
companies (Lubrizol, In-
fineum, Chevron Oronite 
and Afton Chemical). In 
addition to single-dose 
products such as anti-
oxidants, detergents, 
dispersants etc, these 
companies are actively 
developing additive pack-
ages and will gradually 
seize the market share of 
some imported products. 
"This will make China's 
lubricant industry chain 
more stable and flexible,” 
says Wu.

Conversely, the fuel 
industry has the greatest 
uncertainty. A traditional 
refining sector, the indus-
try is extremely sensitive 
and dependent on the 
cost of crude oil, which 
has reached record low 
levels in late April, due 
to oversupply in a soft 
demand market.

As we recover from this 
crisis, “many business 

models that were used in 
the past will have to be 
changed,” says Wu. The 
Naco executive suggests 
technical innovation will 
be the core driving force 
for long-term develop-
ment. Wu expects faster 
advancements in auto-
mated production and ar-
tificial intelligence. “Jobs 
that can be replaced by 
machines will be accel-
erated,” he says. There 
will also be a significant 
reduction in travel be-
haviour, suppression of 
unnecessary consump-
tion, and “commodities 
will be required to be 
good quality and cheap.” 

In the past, much of 
China’s consumption has 
focused on well-known 
brands. A new generation 
of consumers, with the 
ability to readily obtain 
product information, is 
driving preference for 
good quality locally made 
products at fair prices. 
These products will grad-
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ually grab market share 
over expensive goods 
from major international 
brands. “This trend will 
accelerate as confidence 
in China's own strength 
increases from this epi-
demic response,” says Wu. 
Made in China will no lon-
ger be synonymous with 
low-end goods, Wu says.

Supply chain organ-
isations have suffered 
massive upheaval and 
are undergoing crisis 
management. “It is more 
difficult for asset-heavy 
companies to turn around 
and adjust,” says Wu, 
emphasising the value 
of “asset-light” opera-
tions moving forward. 
Companies with techni-
cal strength and strong 
distribution channels will 
thrive, he says. China, 
as the first nation to 
come out of this crisis, 
may have a first-mover 
advantage when it comes 
to reengineering supply 
chains and shaping the 
“next normal”. What is 
clear, is the importance 
of creating transparen-
cy on multi-tier supply 

chains, understanding in-
herent risks, and building 
resilience against future 
shocks by identifying 
alternative sources. “This 
kind of crisis will not hap-
pen only once, and there 
is no chance of luck,” 
says Wu. Resilience, 
responsiveness and 
reconfigurability are the 
key performance indica-
tors moving forward.

Will this global pan-
demic initiate a move 
away from consolidated 
centres of production, 
just-in-time manufac-
turing and rigid supply 
chains to enable pro-
active management of 
similar outbreaks in the 
future?  “This epidemic 
tells us that the develop-
ment of any enterprise 

is inseparable from the 
world, there is no way 
to close its doors and be 
independent, and global 
economic integration is 
irreversible,” says Wu. 
It is necessary to have 
a global strategic vision 
and the ability to look 
at issues from multiple 
perspectives, he says.

On the contrary, many 
analysts believe the 
COVID-19 outbreak could 
spark a temporary back-
lash on globalisation with 
a move away from risky 
dependence on vulnerable 
nodes in the supply chain. 
Some are claiming global-
isation as we’ve known it in 
the past is over, predicting 
a seismic shift to regionali-
sation — dragging produc-
tion and sourcing closer to 
end-users, and localising 
or regionalising supply 
chains. Are we about to 
witness a decoupling of 
long-term supply chain 
dependencies on a Chi-
na-centric network? Some 
companies are already 
diversifying their supply to 
minimise reliance on China 
following a protracted 
U.S.-China trade battle. 
COVID-19 could accelerate 
the broadening of supply 
out of China.  

China is already active in 
strengthening its own re-
gional connectivity. The Belt 
and Road Initiative (BRI), 
announced in 2013, was de-
signed to improve China’s 
multipolarity and includes 
infrastructure invest-
ments in 152 countries and 
international organisations. 
When complete, it will 
ensure multiple pathways 
for the movement of goods, 
and greater robustness of 
supply for China.  
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Version eight of the 
Globally Harmonized 
System of Classification 
and Labelling of Chemi-
cals (GHS) was published 
in July 2019. The inter-
nationally agreed-upon 
standards, managed 

India the only major economy  
yet to adopt GHS

by the United Nations, 
provide guidelines to 
promote the safe pro-
duction, transportation, 
use and disposal of 
hazardous chemicals. 
Safety measures include 
standardised hazard 

testing criteria, universal 
warning pictograms, and 
harmonized safety data 
sheets (SDS).

Development of the 
GHS began at the Rio 
Conference on Environ-
ment and Development 

by the United Nations, 
dubbed the “Earth Sum-
mit,” in Rio de Janeiro, 
Brazil, in 1992. The goal 
was to streamline a 
diverse array of world-
wide chemical labelling 
schemes through a com-
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mon infrastructure. The 
most recent revisions 
to GHS include a new 
hazard category “chem-
icals under pressure,” 
identified as solids or 
liquids pressurised with a 
gas at 200kPa (gauge) or 
more at 20°C. The update 
contains changes to the 
classification criteria for 
aerosols, now catego-
rised based on three cri-
teria — their flammable 
properties, the heat of 
combustion, and the test 
results from flammability 
and ignition testing.   

The eighth edition of 
the purple book also 
includes solutions to 
common problems with 
set or kit labelling, pre-
cautionary pictograms 

to “keep out of reach of 
children,” revisions to the 
skin corrosion/irritation 
classification and an 
altered annex on factors 
leading to dust explosion 
hazards.

While the GHS is not 
legally binding, the 
classification system has 
achieved broad global 
adoption, with an esti-
mated 65 countries im-
plementing the scheme 
as of 2017.  However, the 
implementation level var-
ies in different regions. A 
building block approach 
allows countries to pick 
and choose the ele-
ments of GHS they wish 
to incorporate into their 
regulations — lowering 
the barrier to adoption, 

improving compliance 
and reducing cost.

The major benefit of 
GHS is its widespread 
application. Though, not 
all countries have em-
braced the system. India, 
the world’s second-most 
populous country and 
seventh-largest econ-
omy, “is the only major 
economic body in the 
world that has not im-
plemented GHS clas-
sification and labelling 
for chemicals yet,” says 
Miljan Minic. Minic is 
a regulatory analyst 
at Chemical Watch, a 
company that provides 
independent intelligence 
and insight for product 
safety professionals that 
manage chemicals. Minic 
provided an industry 
update on the status and 
upcoming changes to 
GHS in the Asia Pacif-
ic and the Middle East 
regions in a March 2020 
webinar.

India is making prog-
ress on the acceptance 
of GHS. A final draft of 
India’s national rules for 
chemical management 
was shared in February 
2020. The draft included 
recommendations on 
the development of an 
inventory registration 

scheme for chemicals 
and outlined plans for 
GHS adoption. Timings 
for implementation are 
yet to be defined.

The Gulf states of 
Bahrain, Kuwait, Oman, 
Saudi Arabia, Qatar, and 
the United Arab Emirates 
are all yet to adopt GHS, 
and there is no consistent 
system for classification 
and labelling of chemi-
cals in the region, says 
Minic. Though, many 
large companies volun-
tarily comply with GHS 
to satisfy their interna-
tional trade partners. In 
October 2019, the Gulf 
Cooperation Council 
Standards Organisation 
(GSO) published a draft 
regulation on adopting 
the 5th revision of the 
GHS classification label-
ling and SDS, which was 
sent to member countries 
for approval on 16 March 
2020. It is anticipated the 
draft will be adopted as 
a technical regulation at 
the meeting of national 
standards bodies on 6 
November 2020, says 
Minic. A further two 
to three years may be 
required to transpose it 
into domestic regulation 
in member countries.  

Also, Saudi Arabia 
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is expected to issue a 
national chemical safety 
program by mid-2020 
as it endeavours to 
strengthen chemical 
management laws and 
enable better data collec-
tion on chemical usage.

China has adopted the 
fourth revision of the 
GHS. Moves are under-
way that will see them 
implement the seventh 
revision, including the 
hazard class for explo-
sives, says Minic. The 
Ministry of Industry and 
Information Technolo-
gy’s (MIIT) consultation 
process was due to end 
on 5 April 2020, though, 
all regulatory timings are 
no doubt at risk with the 
COVID-19 pandemic that 
is sweeping the globe.  

Australia too, is work-
ing towards integrating 
the seventh revision of 

GHS into its work health 
and safety laws, says 
Minic. 1 July 2020 is the 
scheduled date for legal 
adoption. Importers and 
manufacturers will be 
permitted a two-year 
transition period, where-
as suppliers and users 
can continue to adhere to 
the present third revision 
until current stocks are 
exhausted. The timing 
for legal adoption also 
coincides with Australia’s 
transition to a new chem-
ical regulatory frame-
work, says Minic.  The 
framework is designed to 
allow chemicals into the 
market more swiftly.

Malaysia is also cur-
rently following the third 
revision of GHS and has 
confirmed plans to adopt 
version seven in the fu-
ture. Amendments to its 
industry code of practice 
on chemicals classifica-
tion and hazard commu-

nication were completed 
last year, and industry 
has been permitted until 
11 June 2020 to update 
labels and safety data 
sheets to ensure compli-
ance with the classifica-
tion. 

In May 2019, Japan 
published updated 
national standards on 
chemical classifications 
and labelling and SDS. 
Companies have been 
permitted until 24 May 
2022 to conform with the 
revised GHS six stan-
dards. In the meantime, 
companies can comply 
with the pre-existing 
fourth revision, says 
Minic. In Israel, a three-
year transition period 
has been permitted for 
companies to transition 
to the sixth GHS revision, 
which was published on 
10 August 2019.   

New Zealand officially 
claims alignment with 

revision five of GHS, de-
spite their classifications 
having many similarities 
with the sixth and sev-
enth versions, says Minic. 
A consultation document 
published in October 2019 
foreshadows a shift to 
revision seven, with the 
public consultation on 
the proposals concluding 
on 9 January 2020. The 
final document is yet 
to be released, though 
Minic expects changes to 
be implemented in April 
2021 with a two-year 
transitional period.

It is anticipated that 
Singapore will issue a 
public consultation on 
GHS revisions later in 
2020. There is uncertain-
ty over whether the Sin-
gapore chemical industry 
council will mirror New 
Zealand and Australia in 
shifting to the seventh 
revision, or Japan at revi-
sion six.  
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Biogas and biometh-
ane offer a sustainable 
source of local ener-
gy. Producers convert 
organic residues and 
wastes into clean energy 
that can be used for pow-
er, heating or as a clean 
alternative to the solid 
biomass used in cooking 
in many developing coun-
tries. These products 
present a myriad of bene-

fits including lower emis-
sions, improved waste 
management and greater 
resource efficiency. 

Multiple production 
pathways and a diversi-
ty of feedstocks means 
every region of the 
world has the potential 
to produce biogas and 
biomethane. Yet the fuels 
account for only 3% of 
total bioenergy demand 

and a meagre 0.3% share 
of total primary energy.  

35 million tonnes of 
oil equivalent (Mtoe) of 
biogas and biomethane 
was produced in 2018. 
A recent World Energy 
Outlook Special Report, 
released by the Inter-
national Energy Agency 
(IEA) in March 2020, sug-
gests current utilisation 
rates are only a fraction 

of their potential. The 
Outlook for Biogas and 
Biomethane estimates 
600 Mtoe of biogas could 
be produced sustainably 
today, enough to satisfy 
20% of worldwide gas 
demand. IEA foresees 
strong prospects for 
biogas and biomethane 
with the growing interest 
in renewable energy and 
the transformation of the 

Asia Pacific holds the greatest  
opportunity for biogas
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global energy system. 
Biogas, a mixture of 

methane, carbon dioxide 
(CO2) and small quan-
tities of other gases, is 
generated through the 
breakdown of organic 
matter by anaerobic bac-
teria in an oxygen-free 
environment. 90% of 
biomethane is produced 
by upgrading biogas to 
remove CO2 and other 
impurities. Once upgrad-
ed, biomethane delivers 
all the energy benefits of 
natural gas, minus the 
associated net emissions.

According to the IEA 
outlook, Asia Pacific 
holds the greatest oppor-
tunities for biogas and 
biomethane due to rising 
natural gas consumption 
and imports. The report 
also emphasises op-
portunities in North and 
South America, Europe, 
and Africa. 

Biogas feedstocks 
include crop residues, 
animal manure, mu-
nicipal solid waste and 
wastewater. Animal ma-
nure and crop residues 
are the most commonly 
used feedstock, the latter 
accounting for half of 
the global potential for 
biogas. Forestry resi-
dues can also be used 
in the direct production 
of biomethane via the 
alternative gasification 
process. The use of 
specific energy crops 
plays a considerable role 
in some regions of the 
world, though the prac-
tice remains the source 
of vigorous debate over 
land use impacts.

According to the IEA, 
Europe, the United States 
and China account for 

90% of global biogas 
production. Developing 
countries in Asia, such as 
India and Thailand, gen-
erate half of the remain-
ing production. 

Despite untapped po-
tential in the Asia Pacific, 
Germany is the global 
leader. Two-thirds of 
Europe’s capacity and the 
majority of the region’s 
20,000 biogas plants are 
located in the Federal 
Republic. In China, poli-
cies aimed at increasing 
access to modern energy 
and clean cooking fuels 
have encouraged the 
installation of house-
hold-scale digesters to 
produce biogas in rural 
locations. Landfill gas 
collection is the primary 
method for biogas collec-
tion (90% of production) 
in the U.S.

Most of the biogas pro-
duced today is used in the 
power sector with only a 
very small share convert-
ed to biomethane. Europe 
and North America pro-
duce the bulk of the 3.5 
Mtoe worldwide biometh-
ane output. Interest in 
biomethane is increasing 
due to the ability to use 
existing infrastructure 
for this clean energy 
source. 

Germany, Italy, the 
Netherlands and the 
United Kingdom have all 
provided policy support 
for biomethane in trans-
port. Upgrading biogas 
“could be a major source 
of future growth,” the 
IEA report suggests. The 
agency predicts biometh-
ane production facilities 
will exceed 1,000 in 2020, 
including both biogas 
upgrading and biomass 

gasification facilities. 
The IEA outlook pres-

ents two distinct sce-
narios for the growth of 
biogas and biomethane 
to 2040. A Stated Poli-
cies Scenario (STEPS) 
is built on current and 
announced energy and 
climate policies. An alter-
native Sustainable Devel-
opment Scenario (SDS) 
assumes attainment of 
various energy-related 
sustainability goals, in 
accordance with the Par-
is Agreement, and calcu-
lates a feasible pathway 
to achieving them. 

In both STEPS and SDS, 
biogas and biomethane 
are the fastest growing 
form of bioenergy over 
the next two decades. 
Today’s market share 
is a combined 5%. The 
outlook projects demand 
will reach 12% by 2040 in 
STEPS, and 20% in SDS 
— due to its emergence 
as a viable complement to 
low-carbon electricity. In 
STEPS, biogas production 
for direct consumption 
doubles, reaching around 
75 Mtoe in 2040. Biometh-
ane avoids around 1,000 
million tonnes (Mt) of GHG 
emissions in 2040 in SDS.

High production costs 
continue to be a hand-
brake to the adoption of 
many sources of bioen-
ergy. Biogas production 
costs vary wildly today, 
between USD2/MBtu (mil-
lion British thermal units) 
and USD20/MBtu, with a 
notable regional vari-
ance. The report expects 
biogas production costs to 
drop slightly over time. A 
simultaneous increase in 
natural gas pricing should 
create a more favourable 

production environ-
ment. Under STEPS, an 
estimated 260 Mtoe of 
biogas could be produced 
for less than prevailing 
regional natural gas 
prices in 2040. Monetising 
production by-products, 
such as “digestate” — a 
residue of fluids and 
fibrous materials that 
can be sold as a natural 
fertiliser, may also enable 
a more cost-competitive 
production environment. 

The cost gap between 
biomethane and natural 
gas is also expected to 
narrow. The outlook pre-
dicts global production 
costs will be 25% lower 
than today, at USD14/
MBtu. Still, there are 
commercially viable op-
portunities for biometh-
ane in certain regions 
today. IEA estimates 30 
Mtoe of biomethane could 
be produced at present 
for less than the domes-
tic price of natural gas 
— equating to 1% of total 
gas demand. 

Despite advocating a 
positive growth story, the 
level of growth will be 
shaped by policy support 
and feedstock availabil-
ity, the agency says. The 
outlook indicates feed-
stock availability should 
grow by 40% to 2040, but 
also caveats the impact 
of more sophisticated 
and sustainable waste 
management practices 
that could reroute feed-
stock away from certain 
biogas production tech-
nologies.   
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Driver experience is an 
essential part of vehicle 
ownership. Undeniably, the 
shift to an electric vehicle 
(EV) alters this experience 
for motorists accustomed 
to the roar of the internal 
combustion engine, ex-
tended driving ranges, and 
hasty refuelling. 

The time it takes to 
charge is one of the biggest 
challenges for battery 
electric vehicles (BEV), 
says Bethan Warren, 
applications scientist, 
Croda Europe Limited. It 
also delivers the greatest 
thermal management 
challenge, she says. Estab-

lished in 1925, Croda is a 
British chemicals company 
that produces speciality 
additives. Their Energy 
Technologies business op-
erates in niche applications 
in the battery and catalyst 
industries. 

Historically, large battery 
packs have not required 
specialist cooling due to the 
physical size and capacity 
of the battery and the rel-
ative current flow. In April 
2018, Swiss company ABB 
launched the Terra High 
Power Charger, the world’s 
first 350kW charger, with 
the ability to add up to 200 
kilometres of range in just 

eight minutes. With invest-
ment in EV infrastructure 
gaining momentum, ultra-
fast-charging stations are 
being rolled out around the 
globe. 

Fast charging technology 
increases the current sent 
to a battery to fill up its ca-
pacity more quickly. These 
higher current flows gener-
ate heat inside the battery 
cells and interconnection 
systems, proportionate to 
the amount of current and 
internal resistance. Reduc-
ing the time to charge EVs 
has prompted demand for 
advanced thermal manage-
ment of battery packs and 

interconnected systems.
Extremes of tempera-

tures negatively impact 
battery performance. 
Consequences may include 
a reduction in a battery’s 
lifespan, charge accep-
tance, power output and 
driving distance. Safety 
is also a central issue as 
uncontrolled temperatures 
could trigger a dangerous 
thermal runaway chain 
reaction. Heat must be 
diffused effectively to 
protect a battery from rapid 
deterioration.

Recent research has 
pinpointed an optimal tem-
perature range between 
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25°C to 40°C for lithium-ion 
(Li-ion) batteries. Though, 
“effective thermal man-
agement is not as simple 
as keeping the battery in 
a goldilocks temperature 
range,” says Warren.  Elim-
inating hotspots within the 
pack to ensure tempera-
ture homogeneity is vital to 
ensure the lifetime of the 
battery, she says. Diversity 
of cell types — cylindrical, 
prismatic and pouch — 
present further challenges 
when it comes to cooling. 

In EVs, the role of lu-
bricants extends beyond 
their traditional bounds. 
While they continue to as-
sist in wear reduction and 
lubrication, the primary 
challenge in electric mo-
tors is not lubrication but 
cooling, says Warren.  

Natural air-cooling 

systems, such as fans and 
blowers, are one of the 
more common and lowest 
cost methods for battery 
cooling. The approach 
offers a simple, low weight 
cooling approach devoid 
of concerns about liquid 
leaks or cooling loops. 
Yet, we may have reached 
the limits of what can be 
air-cooled. Air cooling is no 
match for the extreme heat 
generated with advanced 
charging of batteries, par-
ticularly in more temperate 
environments. 

Liquid cold-plate cooling 
is a far more effective 
method than air cooling, 
even in low flow, and is 
employed by leading EV 
manufacturers such as 
Tesla and General Mo-
tors. Auto manufacturers 
use a refrigerant and a 

base plate, with coolants 
circulated throughout the 
battery packs in tubing to 
cool the cells. Coolants are 
typically a mix of water and 
petroleum-based products 
(such as propylene glycol) 
and offer excellent thermal 
conductivity and low freez-
ing points.  

The issue with liquid 
cooling, says Warren, 
is that heat needs to be 
transferred from the heat 
generation source, through 
several components, such 
as fin plates, to reach the 
coolant. This can lead to 
cell inhomogeneity. There 
is general agreement that 
heat removal needs to be 
moved closer to the heat 
generation source, she 
says. Direct liquid immer-
sion cooling offers an ad-
vanced solution to thermal 

management challenges 
with the heat transfer 
beginning at the source. 
Battery cells are dropped 
directly into dielectric fluids 
maintaining constant cool-
ant to cell contact. 

A 2016 comparative 
study on cooling methods 
for Li-ion batteries con-
sidered four cell-cooling 
methods — air cooling, 
direct liquid immersion, 

Bethan Warren
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indirect liquid cool-
ing, and fin cooling. Air 
cooling required two to 
three times more ener-
gy to maintain the same 
average temperature as 
other cooling methods. 
The research concluded 
indirect liquid cooling was 
a more practical approach 
than direct liquid cooling, 
though it demonstrated 
a slightly lower cooling 
performance. 

Just three years later, 
XING Mobility, a provid-
er of advanced electric 
vehicle powertrain and 
battery technology, 
unveiled the world’s first 
immersion-cooled mod-
ular battery pack system 
at The Battery Show in 
Stuttgart, Germany on 
7-9 May 2019. Immersion 

cooling requires the use 
of more specialist fluids, 
says Warren. Fluids must 
be electrically insulating 
and maintain a high level 
of oxidative stability, as 
they will be filled for life, 
she says.

Esters, a chemical com-
pound derived from car-
boxylic acids, may provide 
a solution to some of the 
thermal management chal-
lenges confronting OEMs 
and lubricant manufactur-
ers. Esters have excellent 
thermal properties — it is 
possible that they could be 
used to cool sensitive com-
ponents such as battery 
packs, regulating tempera-
ture and allowing better 
efficiency. 

Ongoing research by 
Croda into the tribological 

and tribochemical per-
formance of esters has 
yielded promising results. 
It is the ability of esters 
to both cool and lubricate 
that may set them apart. 
“Cooling the electric mo-
tor and lubricating gears 
can be done with one 
fluid, allowing one cooling 
loop instead of two,” says 
Warren. This allows a 
reduction in weight and 
space, she adds. 

Unlike other dielectric 
fluids, esters are also fully 
synthetic and can be devel-
oped with specific proper-
ties in mind, she says. With 
all fluids it is a balancing 
act, but esters are often 
more balanced with re-

spect to property mix in the 
finished fluid. The chemical 
compound may be suitable 
in the direct immersion 
cooling of batteries, and 
also has potential applica-
tions in gears, greases and 
bearings, says Warren. 

Very low viscosity fluids 
are necessary to reduce 
energy losses in gear oils 
while maintaining lubri-
cation and minimising 
wear. Croda has witnessed 
encouraging results with 
low viscosity lubricating 
base oils balancing high 
gear efficiency with high 
thermal efficiency, while 
demonstrating compatibil-
ity with different materials 
and electronics. 
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The past century has 
seen countless innova-
tions within the automo-
tive industry making cars 
and trucks more reliable, 
powerful, comfortable, and 
less expensive. Despite 
all of these improvements 
to the design and manu-
facture of automobiles, 
average fuel economy has 
seemingly stagnated. 

Cars like the antiquated 
Ford Model T were report-
edly able to achieve up to 
23 miles per gallon (mpg) 
or 10.2 L/100 km. In 1934, 
Continental Automobile 
Company advertised their 
“De Luxe 4-Door Sedan” 
which was equipped with 
their 40 HP inline 4 engine 
capable of achieving a 
claimed 25-30 mpg (Figure 
1). This is consistent with 
the federal government’s 
fuel economy rating of a 
combined 26 mpg (9.05 

L/100 km). The average 
fuel economy of a new car 
in 2018 was 25.1 mpg (9.37 
L/100 km or 353 grams 
CO2/mile) with an increase 
to 25.5 mpg (9.22 L/100 km) 
for 2019.

Based on this stagna-
tion in fuel economy how 
do automakers expect to 
achieve the fuel economy 
ratings set forth by the 
Corporate Average Fuel 
Economy (CAFE) regulation 
of 2011? The CAFE regula-
tion sets forth an average 
fuel economy target of 54.5 
mpg (4.31 L/100 km) for 
2026 models (Figure 1).  An 
analysis by the U.S. EPA in 
2016 adjusted this number 
to 50.8 mpg (4.63 L/100 km) 
based on updated projec-
tions.

This CAFE regulation 
was revised on 31st March 
2020 as the Safer Afford-
able Fuel-Efficient (SAFE) 

Vehicles Rule and sets a 
lower target of 1.5% yearly 
increase through 2026. 
This will lead to a projected 
40.5 mpg (5.81 L/100 km) or 
201 grams of CO2 per mile 
(124.8 g CO2/km) by model 
year 2030.

At first glance it seems 
that in 100 years no signif-
icant progress occurred, 
but this is not the case. 
Many innovations that 
would increase the fuel 
economy of cars such 
as advances in fuel and 
lubricant additives, engine 
efficiency, advancements 
in metallurgy, and vehicle 
body design have been 
offset by additions to the 
car elsewhere such as 
increased crash safety, 
amenities and comfort 
features, and engine 
performance. Compres-
sion ratios in early gas-
oline cars with 4-5 bars 

were very low compared 
to modern vehicles with 
11-13 bars due in part to 
engine knock at higher 
compression levels. In 
order to reduce knock, fuel 
additives such as tetraethyl 
lead, alcohols, ethers and 
aromatics were developed 
to increase octane rating. 
The development of these 
octane boosting additives 
allow modern vehicles to 
be designed with larger 
compression ratios when 
compared to early gasoline 
cars. 

Another factor to con-
sider is the increase in 
weight, size and front area 
of modern cars. The Ford 
Mustang has increased 
in weight by nearly 1,000 
pounds (454 kg) from 1965 
to 2020 with much of the 
weight going towards safe-
ty equipment such as air-
bags, chassis components, 

The complex factors driving the  
fuel-efficiency stagnation paradox
BY DR. MATHIAS WOYDT AND DR. RAJ SHAH
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Increase of attribute CO2 emission increase [g CO2/km]

Gasoline Diesel

+100 kg vehicle weight +2.0 ± 0.8 +5.3 ± 1.4

+220 pounds vehicle weight +3.2 ± 1.3* +8.5 ± 2.2*

+10 kW engine power +6.5 ± 0.3
(+10.5 ± 0.5)*

+9.1 ± 0.5
(+14.6 ± 0.5)*

*g CO2 per mile

anti-lock braking system 
(ABS), and crash mitigation 
systems. The curb weight 
of the first generation 
Volkswagen Golf GTI was 
1,834 lbs (832 kgs), which 
has ballooned to more 
than 3,000 lbs (1360 kg) in 
the seventh generation of 
the Golf GTI. An increase in 
vehicle weight will reduce 
the vehicle’s fuel efficiency 
ratings. At the same time, 
the power of the gasoline 
engine increased from 110 
HP to 230HP.

From 1980-2018, the cor-
responding efficiency trade-
offs amount to 24 g CO2/km 
(38.6 g of CO2 per mile) for 
gasoline cars and 40 g CO2/
km (64.4 g of CO2 per mile) 
for diesel cars. However, if 
the curb weights, horse-
power, and front areas 
remained the same as that 
of cars built in the 1980’s, 
then the CO2 emissions of 
gasoline and diesel models 
could be 13% and 25% low-
er respectively. The impact 
of vehicle attributes on the 
CO2 emissions of compact 
cars (VW Golf, Ford Escort, 
GM Opel Astra) from 1980-
2018 is displayed in Table 1 
based on a study by the Eu-
ropean Commission's Joint 
Research Center in Ispra, 
Italy. Additional weight is 

also added by the multitude 
of electrical features and 
passive safety equipment 
that exists in new cars.

Lubricants have also 
improved in the past cen-
tury leading to significant 
improvements in engine 
efficiency and reliability. 
The engine oil ratings have 
evolved from the 1930’s API 
SB to today´s API SN Plus 
and above. In this timeline, 
the pool viscosity went 
from monograde SAE 50 
(API SB) to multigrade SAE 
0W-20/0W-16 (API SN), 
which yields a reduction of 
the kinematic viscosity of 
the oil by between 60% to 
70% at 100°C.  In general, 
lower viscosity oils reduce 
engine friction and improve 
the fuel economy, however, 
the effects are smaller 
than originally thought. 
The viscometric impact 

by switching from one SAE 
viscosity grade to another, 
assuming all other variables 
are equal, improves fuel 
economy by less than ~1%. 

Summarizing the liter-
ature from the last two 
decades, the fuel economy 
improvement (FEI) ranges 
between 1.6 to 2.3% FEI per 
1 mPas of high temperature 
high shear viscosity (HTHS). 
HTHS denotes the high 
temperature shear viscosity 
at 150°C and a shear rate 
of 106 s-1. The risk of 
reducing oil viscosity may 
result in accelerated wear 
because of reduced oil film 
thickness which has to be 
combated by improvements 
in metallurgy, coatings and 
additives.

Friction Modifiers (FM) 
reduce friction coefficients 
in tribosystems under the 
mixed/boundary lubri-

cation regime, whereas 
viscometrics affect the 
hydrodynamic fluid film 
formations and friction in 
this lubrication regime. Or-
ganomolybdenum-based 
friction modifiers have 
seen a rise in populari-
ty in modern engine oil 
formulations since they 
are multi-functional and 
can achieve an increase of 
around 1% to fuel economy. 
In particular, molybdenum 
dialkyl dithiocarbamates 
(Mo-dtc, CAS: 71342-89-7) 
are seen as crucial and 
effective FM additives in 
the automobile industry. 
Organic friction modifiers 
have also proven effec-
tive in fresh engine oils. 
The retention of friction 
reduction between drain 
intervals and the interac-
tion with metallurgy and 
coatings are the future 
tasks of additive-based 
concepts.

Metallurgical solutions, 
such as diamond-like 
carbon (DLC) thin films, 
offer a reduction in friction 
as long as the film doesn’t 
wear away or break. DLC, 
chromium nitride (CrNx) 
and molybdenum nitride 
(MoNx) films can achieve 
fuel economy increases of 
between 1-2% when tested 
in different tribosystems of 
the engine.

To increase the effec-

Figure 1: Mileage advertised in 1934 and CAFE regulations set by the Obama administration

Table 1: Vehicle attributes impacting on CO2 emissions

Source: M. Weiss, L. Irrgang, A.T. Kiefer, J.R. Roth and E. Helmers, Mass- and power-related efficiency 
trade-offs and CO2 emissions of compact passenger cars, Journal of Cleaner Production 243 (2020) 118326
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tiveness of metallurgically 
based thin film coatings, 
specific additives will need 
to be mixed in. These 
additives include glycerol 
monooleate (GMO, 111-03-5) 
and glycerol monostearate 
(66085-00-5). These combi-
nations can lead to specific 
oil formulations with limited 
miscibility and interchange-
ability with other grades.

Forced induction 
smaller displacement or 
“downsized” engines have 
become more common in 
modern cars compared 
to the large displace-
ment naturally aspirated 
engines typical in older 
cars. Today's gasoline 
engines have reached 150 
HP/L and diesel engines 
exceed 100 HP/L. The inline 
3/4 cylinder has become 
the most popular engine 
configuration, overtaking 
V6 and V8 engine config-
urations. This is due in 
part to the introduction 
of reliable turbocharging 
which can allow a small-
er engine to achieve the 
torque and power numbers 
of a larger engine while 
allowing for the higher fuel 
efficiency ratings of small-
er engines. The rationale 
behind “downsizing” is to 
have less cylinders and 

thus less friction, but with 
the same or higher power 
density. The added strain 
on the engine increased 
the demand for high 
performance lubricants 
which can protect against 
oxidation, scuffing and low 
speed pre-ignition. These 
issues are compounded 
with the lower viscosity oils 
that Japanese automakers 
introduced and are now 
more commonplace. 

Further improvements 
in fuel economy through 
reduced engine friction are 
expected with the arriv-
al of alternative engine 

oils based on ester and 
polyglycol formulations 
with viscosity indices (VI) 
above 200 and ultralow 
viscosity grades (e.g. SAE 
8 or 12). Furthermore, 
octane ratings above 100 
will also result in better 
fuel economy due to higher 
compression ratios.

There are many factors 
to consider when assess-
ing the fuel efficiency of 
modern vehicles. Although 
gas mileage appears to 
have stagnated since the 
early gasoline vehicles, 
modern vehicles offer bet-
ter engine performance, 

SAE viscosity grade
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active and passive safety, 
and other quality of life 
features that older vehicles 
did not offer. In some 
cases, the introduction of 
these advanced features 
placed additional stress 
on the engine, resulting 
in lower fuel efficiency. 
The development of more 
effective fuel and lubricant 
additives in tandem with 
advancements in engine 
performance, have com-
pensated for this, allowing 
for further improvements 
in the fuel efficiency of 
the internal combustion 
engine. 

Figure 3:  Average engine compression ratio compared to average gasoline octane rating

Figure 2b David Lancaster, The Drive for Efficiency, ACI European 
Base Oils & Lubricants Summit, 17.-18. Sept. 2014, Alicante, Spain

Figure 2a Fuel economy improvements of passenger car engine oils of 
different SAE viscosity grades in NEDC in relation to the reference oil.

Source: https://www.energy.gov/eere/vehicles/articles/fotw-1043-august-20-2018-engine-compres-
sion-ratio-and-gasoline-octane-rating
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The world’s focus is 
shifting to environmentally 
friendly renewable energy 
sources. The Internation-
al Energy Agency (IEA) 
predicts renewable power 
capacity will expand by 
50% between 2019 and 
2024, total growth of 1,200 
gigawatts (GW). Renewable 
energy currently accounts 
for 26% of the world’s en-
ergy. IEA expects this share 
to surpass 30% in the next 
five years.  

A recent report by the 
International Renewable 
Energy Agency (IRENA) 

shows that renewable 
power comprised 72% of all 
power expansion in 2019, 
outstripping fossil fuel 
growth in the same period. 
90% of capacity contribu-
tions came from solar and 
wind as improvements in 
cost competitiveness en-
hanced their appeal against 
new coal and natural gas 
plants.

While solar continues to 
provide the bulk of global 
increases (98 GW in 2019), 
wind power has enjoyed 
unprecedented growth over 
the past few years. Global 

wind installations jumped 
from 436 GW in 2015 to 655 
GW in 2019. Asia Pacific is 
a significant driver of this 
impressive growth due in 
part to favourable govern-
ment policies.

In 2019, wind energy 
capacity expanded by 60 
GW, led by growth in China 
(26 GW) and the United 
States (9 GW). India is an-
other notable Asian market 
— now the fourth-larg-
est wind power market 
behind China, the U.S. and 
Germany. In the U.S, wind 
supplied more than 7% of 

the nation’s energy, making 
it the country’s largest 
renewable energy source. 
A recent report by Global 
Data expects the global 
wind power market to grow 
by 29% over the next de-
cade, approaching USD125 
billion by 2030.

Lubrication performs a 
crucial role in the reliabil-
ity of a wind farm. Wind 
turbines are frequently 
exposed to harsh environ-
ments and extremes of 
temperature, with signifi-
cant impact on operation-
al costs, downtime and 

Group III base oils attempt to break into 
wind turbine market dominated by PAOs

Photo courtesy of Neste
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product lifetimes. In 2017, 
the IEA Wind Technology 
Collaboration Programme 
(TCP), the leading interna-
tional organisation for wind 
energy research coopera-
tion, estimated around 50% 
of the current cumulative 
installed capacity in Europe 
will reach the end of its 
operational life by 2030. Se-
vere operating conditions 
are driving demand for 
high-performing lubricants 
to extend the lifetime of 
wind turbine assets. 

Wind turbine gearboxes, 
imperilled by strong winds 
at heights of up to 200 me-
tres, are the most common 
source of failure. Some 
industry analysts have at-
tributed up to three-quar-
ters of gearbox failures to 
lubricant degradation. Gen-
erators, blades, the main 
shaft, yaw drive and pitch 
drives on wind turbines all 
require consistent, clean 
lubrication.

Lubricants for the wind 
turbine market are pro-
jected to reach USD226.1 
million in 2026 with a com-
pounded annual growth 
rate (CAGR) of 8%, accord-
ing to a recent analysis 
by Reports and Data. In 
2018, the market size was 
USD122.7 million. Some 
analysts believe Europe will 
dominate the wind turbine 
lubricants market in the 
near term, with a CAGR of 
8.9%. Significant lubricant 
opportunities exist in Asia 
Pacific due to strong gov-
ernment support and wind 
power capacity expansion. 

Growth in new installa-
tions will increase con-
sumption of first fill oils. 
Oil change frequency, 
operating capacity and 
penetration of direct drive 

wind turbines determine 
service fill volumes. Stefan 
Bill, managing director 
at REWITECTM GmbH, a 
company that develops a 
silicon-based nano- and 
microparticle surface 
treatment technology for 
wind turbines, estimates 
the market for first fill oils 
is around 10,000 tonnes, 
about half that of service fill 
volumes (20,000 tonnes). 
The markets for first fill 
and service fill greases are 
approximately 600 tonnes 
and 4,000 tonnes respec-
tively, he says. 

Synthetic lubricants fulfil 
the bulk of the wind turbine 
industry’s lubricant needs 
(80%) and are typically 
polyalphaolefin-based 
(PAO). With a CAGR of 8.1%, 
gear oils are expected to be 
the fastest-growing lubri-
cant type in the near term.

The wind power lubri-
cants market is not an easy 
market to penetrate, says 
Mika Kettunen, technical 
product manager, Base 
Oils, at Neste Corpora-
tion’s Technology Centre. 
Development timeframes 
are long due to extensive 
testing and lengthy field 
trials; suppliers are well 
established in this market, 
he says. However, rapid 
advancements in the wind 
power industry has created 
new opportunities for lu-
bricant companies offering 
product customisation and 
strong after-sales service.

A combination of NEX-
BASE® Group III base oils 
and VISCOBASE® synthetic 
base fluid, a new, inno-
vative alkyl methacrylate 
oligomer, the result of 
a collaboration between 
Finland’s Neste Corpora-
tion and Germany’s Evonik, 

is a clear innovation in 
a market dominated by 
PAOs. The partnership 
was formed to provide a 
cost-effective product, 
with supply security, that 
achieves performance 
previously offered by PAO 
formulations only, says 
Kettunen.

Promising test results 
have demonstrated higher 
efficiency with reduced 
traction losses, making 
maintenance less chal-
lenging and reducing main-
tenance frequency. The 
technology has excellent 
solvency and can be formu-
lated with a wide viscosity 
range, says Kettunen. Ap-
provals from Hansen and 
FAG/Schaeffler for wind 
applications and Siemens 
for Flender gear units have 
been achieved, and the 
product is currently under-
going field trials in Europe 
and the U.S.

Partnerships will 

continue to be integral to 
wider solutions for the wind 
turbine lubricants industry, 
says Kettunen. They will 
also allow regional players 
to be more competitive, he 
says.  

REWITEC is another 
company providing inno-
vative solutions to improve 
the efficiency and longevity 
of wind turbines. Founded 
in 2003, REWITEC was 
acquired by global special-
ity chemical manufacturer 
Croda in July 2019.

REWITEC’s additive 
technology uses lubricants 
as a carrier of silicon coat-
ing particles, which build 
a protective and repairing 
layer on the surface of 
tribological systems to 
reduce wear, friction, sur-
face roughness and tem-
perature. The patented 
nano- and microparticle 
technology can limit, re-
store and correct surfaces 
degraded by excessive 

Photo courtesy of Evonik Oil Additives
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wear and corrosion and 
can extend the lifetime of 
wind turbine operations 
beyond 20 years, says Bill. 
Reductions in friction and 
surface roughness of 30-
55% have been observed 
in research completed at 
the University of Mann-
heim and Giessen, which 
was supported by the 
German government. 

The outlook seems 
promising for wind turbine 
lubricant manufacturers, 
though, several factors 
could hinder the long-
term growth prospects 
of the market — such as 
withdrawal of government 
support in individual coun-
tries and scarcity of land 
for onshore installations. 
Operators are demanding 
more robust lubricants in 
conjunction with a shift to 
larger turbines with high-
er capacity factors, and 
a trend to offshore and 
floating turbines poses 
greater challenges around 
moisture and corrosion.

An anticipated increase 
in average drain intervals, 
from five to 10 years, is 
likely to impact market 
volumes moving forward. 

Though, 15-20% growth of 
the market and larger oil 
volumes in wind turbines 
will compensate this neg-
ative trend a little, says 
Bill. Total volumes may 
stagnate in the future, he 
says. Alongside longer 
drain intervals, Kettunen 
emphasises the rising 
importance of online and 
condition monitoring of 
lubricants so companies 
can accurately predict 
maintenance needs.  

Advances in gearless 
technology pose a further 
threat to lubricant volumes. 
Direct drive wind turbines 
do not have a gearbox, 
instead opting for a low-
speed, permanent magnet 
generator. With gear oils 
accounting for 70% of 
lubricant volumes, a sharp 

ramp-up in direct-drive 
technology could have a 
profound impact on lubri-
cant consumption in this 
market segment. 

An increase in di-
rect-drive turbines is 
anticipated over time, 
though Bill suggests 
the technology will stay 
below 20% market share 
(currently 10%) in the 
foreseeable future, with 
gear-driven turbines 
remaining the dominant 
technology. Direct drive 
technology is consider-
ably higher in cost and 
higher in weight — there-
fore increasing the cost of 
installation. Also, fail-
ures in existing gearbox 
technology are declining 
with improving equipment 
performance and lubri-
cant quality. 

Part of Croda International Plc

Mika Kettunen
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Efforts by the Trump 
administration to roll back 
the U.S. fuel economy 
standards set by the pre-
vious administration were 
confirmed with the release 
of the Safer Affordable Fu-
el-Efficient (SAFE) Vehicles 
Rule on 31 March 2020.  
The new regulation revises 
the standard that applies 
to passenger cars, pickup 
trucks and SUVs and will 
affect vehicles starting 
from model year (MY) 2021 
to 2026.

Pre-existing standards, 
initially proposed in May 
2009 and updated in 2012, 
required annual improve-
ments in average fuel ef-

ficiency of 5%. Rollback of 
the Obama administration 
regulation will lower fuel 
economy boosts to 1.5% per 
year. 

This change arrives hot 
on the heels of efforts 
to revoke California’s 
long-standing waiver to 
set its own (more rigorous) 
tailpipe standards. On 19 
September 2019, the DOT’s 
National Highway Traffic 
Safety Administration 
(NHTSA) and the Environ-
mental Protection Agency 
(EPA) issued a final action 
entitled the “One National 
Program Rule,” seeking 
uniformity of automobile 
fuel economy and carbon 

dioxide emissions stan-
dards. California and 22 
other U.S. states respond-
ed by suing the EPA on 16 
November 2019 to thwart 
the federal government’s 
actions. 

The Trump administra-
tion contends that the SAFE 
regulation puts “safety and 
American families first” 
while continuing progress 
towards carbon dioxide re-
duction. Forcing stringent 
fuel economy standards on 
automakers would drive up 
the cost of new vehicles, 
they claim. Further, the 
new rule also will result 
in fewer accident-related 
deaths, they claim.

In a tweet on 22 August 
2019, Trump claimed the 
proposal would “lower the 
average price of a car to 
consumers by more than 
USD3,000, while at the 
same time making the cars 
substantially safer. Engines 
would run smoother. Very 
little impact on the environ-
ment.”

A draft internal eco-
nomic analysis sent to the 
White House in January 
2020, and subsequent-
ly reported by the New 
York Times on 30 March 
2020, determined that the 
savings would be a third of 
that amount, while vehicle 
owners would end up 

New fuel economy standards to leave U.S.  
behind most of developed economies
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paying USD1,400 more in 
gasoline costs. 

Sharp criticism has been 
opined by opponents of 
the legislation who see the 
move as an affront to clean 
air and the advancement 
of alternative automotive 
technology. When the 
original fuel economy 
standards were approved, 
the Obama administration 
argued its merits in battling 
climate change and saving 
customers money, without 
compromising safety. Anal-
ysis by the Environmental 
Defence Fund estimates 
the lower targets will result 
in a 1.5 billion metric ton 
increase in greenhouse car 
emissions over five years.

With two conflicting 
positions, it is difficult to 
differentiate right from 
wrong. 

Admittedly, many auto-
makers have struggled to 
achieve the stringent 2012 
standards without the use 
of credits. John Bozzella, 
president and CEO of the 
Alliance of Automotive 
Innovation, a trade asso-
ciation and lobby group 
that includes international 
automobile manufacturers 
that build and sell prod-
ucts in the United States, 
said in a statement that 
“the standards that were 
originally developed almost 
a decade ago are no longer 
appropriate in light of shift-
ing market conditions and 
consumer preferences.” 
Fuel prices have remained 
low, and there has been 
a shift to SUVs and pick-
up trucks as opposed to 
smaller more fuel-efficient 
vehicles. “Automakers 
need a policy environment 
that drives not only fuel 
economy improvements, 

but that also supports the 
infrastructure, market, and 
other conditions necessary 
for the transformation of 
light-duty vehicles to a 
lower- and net-zero carbon 
future,” he says. Neverthe-
less, many automakers are 
opposed to a rollback of the 
regulation.  

The American Chemistry 
Council (ACC) is a national 
trade association repre-
senting U.S. companies 
that manufacture chem-
istry and plastics. While 
the ACC did not make a 
public statement on the 
recent finalised rulemak-
ing, a representative told 
F+L Magazine that “ACC 
members have been and 
remain agnostic relative 
to the appropriateness of 
Corporate Average Fuel 
Economy (CAFE) targets.” 
However, in written and 
oral comments filed in re-
sponse to the notice of the 
proposed rulemaking, the 
ACC confirmed it supports 
a “harmonised national 
standard that continues 
to recognise vehicle light 
weighting as a safe and 
feasible strategy to achieve 
improved fuel efficiency.”

One thing is for sure, the 

SAFE vehicle rule change 
leaves the U.S. out of step 
with many leading nations 
around the globe. The 40 
miles per gallon (mpg) 
target equates to 136 g 
CO2/km when converted 
to European CO2-based 
limits. From 2021, the EU 
fleet wide average emis-
sion target for new cars 
will be 95 g CO2/km. The 
new U.S. standards will be 
lower than China’s, India’s, 
Japan’s and South Korea’s.

With these notable 
changes to the automotive 
landscape, battle lines have 
been drawn. On one side, 
General Motors, Toyota 
and Fiat Chrysler have all 
lent support to Trump’s 
single unified standard. On 
the other, several major 
automakers who have en-
dorsed California’s ability to 
set tougher fuel economy 
standards.  Pitting power-
ful OEMs up against one 
another is going to create 
uncertainty and raises 
concerns of a protracted 
legal battle.

In mid-2019, Ford, Honda, 
Volkswagen and BMW of 
North America reached a 
voluntary agreement with 
the state of California to 

adopt tougher mileage 
standards. Under the 
framework, the group will 
produce fleets averaging 
nearly 50 mpg by model 
year 2026. Volvo has also 
stated that it intends to 
comply with these strict-
er mileage standards. In 
a statement at the time, 
California Air Resources 
Board (CARB) Chair Mary 
D. Nichols said, “this 
agreement represents a 
feasible and acceptable 
path to accomplishing the 
goals of California and the 
automobile industry.” If the 
federal vehicle standards 
proposal were to be final-
ised CARB would “pursue 
legal challenges to the fed-
eral rule,” she said. Is this 
regulation rollback going to 
reinvigorate the automotive 
market? The Trump ad-
ministration claims SAFE 
will increase U.S. com-
petitiveness by slashing 
regulatory costs by up to 
USD100 billion through to 
MY 2029. Conversely, many 
analysts fear dirtier out-
dated cars will see the U.S. 
locked out of international 
markets that are increas-
ingly pushing for more fuel 
efficient vehicles.  



30 F+L Magazine   Quarter Two 2020

Automotive greases 
play a critical role in re-
ducing vehicle friction and 
wear, protecting against 
corrosion, preventing 
contamination, water 
ingress and leakage. 
As early as 1400 BC, the 
Hittites, who occupied 
the ancient region of 
Anatolia (also known as 
Asia Minor, modern-day 
Turkey), used a blend of 

animal fats and lime-
stone to lubricate axles 
and minimise wear on 
their chariots. Today, 
the global automotive 
grease market is expect-
ed to continue to rise at 
a considerable rate to 
2026, according to recent 
research from Research 
Reports World. However, 
the emergence of electric 
mobility means the profile 

of the grease market is 
increasingly uncertain.  

There are several pos-
sible pathways to vehicle 
electrification. As individ-
ual OEMs pursue multiple 
strategies, lubricant man-
ufacturers must respond 
to these technical chang-
es. Electric vehicle (EV) 
motors present different 
microenvironments to 
the ever-faithful internal 

combustion engine. “The 
performance require-
ments [of greases] will 
more than likely remain 
similar. It is the environ-
ments and the materials 
greases have to lubricate 
that will change,” says 
Ashlie Martini, professor 
of mechanical engineer-
ing at the University of 
California Merced (UCM).

Martini, who has been 
active in the area of tri-
bology and lubrication en-
gineering for almost two 
decades, is amid research 
on the “Tribological 
performance of market 

Electric vehicle greases –  
an unclear future

Photo courtesy of Condat Lubricants



31F+L Magazine   Quarter Two 2020

available electric motor 
greases and enhanced 
performance charac-
teristics.” The project, 
supported by the National 
Lubricating Grease Insti-
tute (NLGI), examines the 
friction and wear charac-
teristics of commercially 
available ISO 100 greases 
in conditions representa-
tive of EV motors. 

EVs pose significant 
questions for lubrica-
tion engineers in the 
areas of noise reduction, 
energy efficiency, and 
the presence of electric 
currents and magnetic 
fields. Thermal trans-
fer, seals and materials 
compatibility are also 
important considerations. 
“An umbrella product 
may not be sufficient for 
new challenges that arise 

for grease lubrication of 
electric motors in EV en-
vironments,” says Martini.

The absence of an 
internal combustion en-
gine to mask vibrations, 
harshness, squeaks and 
rattles, heightens the 
importance of noise-re-
ducing lubricants. Sound 
can also affect sensors 
that are integral to vehi-
cle guidance and safety. 
Noise-reducing greases 
are different from those 
available on the market 
today.

Energy efficiency is 
directly related to lubri-
cating film thickness. 
Thinner lubricants reduce 
viscous friction, allowing 
more energy to be con-
served. However, greases 
can thin too much at high 
temperatures, thus “thin-

ner lubricants bring their 
own challenges,” says 
Martini. A thinner film will 
be closer to the mixed 
and boundary lubrication 
regimes where wear 
is a concern. Striking 
a balance between the 
ability to remain in a full 
film lubrication regime, 
and the ongoing transition 
towards thinner lubricat-
ing films that enhance 
energy efficiency is both a 
“major hurdle as well as 
a major opportunity,” she 
says. The professor also 
emphasises the need for 
lower roughness surfaces 
to ensure a thin lubri-
cating film can separate 
surfaces and mitigate 
wear. 

At UCM, graduate 
student Daniel Sanchez 
Garrido characterises 

greases with similar 
International Standards 
Organization (ISO) viscos-
ity grades, but different 
combinations of polyurea 
or lithium thickener with 
mineral or synthetic base 
oil. Though too early to 
make definitive state-
ments, Sanchez Garrido 
says preliminary results 
indicate that each grease 
has its own performance 
trends in the simulat-
ed EV environment and 
different greases are pre-
ferred based on the test 
metric or test condition 
being evaluated. 

Some market available 
greases are less adverse-
ly affected by higher tem-
peratures and rougher 
surfaces, demonstrating 
a better ability to maintain 
full film lubrication under 

http://www.interlubric.com
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more severe operating 
conditions, says Martini.

Non-traditional mate-
rials used in EV compo-
nents also present new 
unique challenges for lu-
brication engineers. Steel 
bearings are expected to 
be superseded by lighter 
weight, hybrid bearings 
that can mitigate issues 
with stray currents. The 
UCM researchers have 
observed diverse friction 
and wear behaviour using 
standard test protocol 
when replacing steel 
bearings with a ceramic 
alternative.   

It is not just the de-
mands of satisfying the 
new environments and 
materials associated 
with EV designs that are 
creating uncertainty for 
grease manufacturers. 
Insecurity around the 
shape of the grease 
market also includes 
instability of raw material 

supply. The most pop-
ular greases are lithi-
um-based, with 72.26% 
market share accord-
ing to the 2018 Grease 
Production Survey by the 
NLGI. Though, there are 
“indications that grease 

manufacturers are ex-
ploring other thickeners 
and emerging grease 
additives,” says Martini.  

Lithium is becoming a 
mainstream chemical as 
the substance of choice 
in EV battery technology. 
The lithium market share 
for energy storage is 
59% compared to 9% for 
lithium grease, creating 
a David vs Goliath-type 
situation. This imbalance 
leaves greases at a sig-
nificant disadvantage and 
diversion of lithium supply 
to energy storage may in-
tensify pressure on grease 
pricing. Earlier concerns 
around lithium scarcity 
may have eased, courtesy 
of an increase in produc-
tion and greater efficien-
cies, though opinions are 
mixed on how the grease 
market will adapt in the 
shadow of EVs. Grease 
manufacturers may need 
to reconsider the role of 
lithium in grease.   

The emergence of 
lithium recycling and a 

shift in lithium battery 
technology may provide 
light at the end of the 
tunnel. Lithium carbonate 
has traditionally been the 
compound-of-choice for 
producing lithium-ion 
batteries. Manufacturers 
are transitioning away 
from cobalt-rich cathodes 
toward nickel cathodes of 
which lithium hydroxide is 
the preferred precursor. 
Lithium hydroxide is the 
chemical of choice for 
greases. Some analysts 
believe this market swing 
will open more diversified 
supply for grease manu-
facturers.

EV technology is still 
evolving, so the industry 
and users will need to 
be flexible and ready to 
adapt to take advantage of 
“opportunities to explore 
emerging lubrication 
technology in the form of 
non-traditional thicken-
ers and additives,” says 
Martini. Daniel Sanchez Garrido and Ashlie Martini 

Photo courtesy of Lubricant Consult GmbH
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Commercial vehicles can be at the  
forefront of emissions reduction 

Photo courtesy of Volvo

Commercial vehicles 
can require large vol-
umes of stored energy to 
propel them over extended 
distances. The trade-off be-
tween an electric battery’s 
added weight and volume, 
and the storage space 
available for freight has 
long been identified as a 
barrier in the electrification 
of commercial vehicles. 
Maximising the energy 

batteries can hold for a 
given volume and weight 
is a notable technology 
challenge in the electrifi-
cation of large, heavy-duty 
or long-haul transport. As 
a result, many industry 
experts believe the incum-
bent technology, the diesel 
engine, will continue to 
power commercial vehicles 
for the foreseeable future.  

A white paper by Cum-

mins, the world’s largest 
independent manufacturer 
of diesel engines, suggests 
the potential to trans-
form commercial fleets is 
already clear. Understand-
ing how to accelerate the 
adoption of these technol-
ogies, while maintaining 
productivity and prosperity, 
is less well understood. 
The white paper, The Fu-
ture of Fleets: The road to 

electrified power for com-
mercial vehicles, reviews 
the technological, infra-
structural, economic and 
regulatory factors impact-
ing the broader adoption of 
electrified powertrains. 

Since 1919, Cummins 
has been a leader in the 
manufacture and sale of 
diesel engines. Based in 
Columbus, Indiana, U.S.A., 
Cummins offers a portfolio 
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of energy solutions that 
includes natural gas and 
electrified power and has 
committed USD500 million 
into the research and de-
velopment of electrification 
— to diversify its offering 
and reduce its reliance on 
fossil fuels. Cummins in-
tends to continue investing 
in diesel and other technol-
ogies, maintaining ongoing 
efforts to minimise partic-
ulate matter and nitrogen 
oxide (NOx) emissions.

The past decade has 
seen an 85% decline in 
battery prices courtesy 
of a surge in lithium-ion 
(Li-ion) battery production. 
Prices fell to an average of 
USD176 per kilowatt-hour 
(kWh) in 2018, versus 
USD1,160 per kWh in 2010, 
according to a Lithium-Ion 
Battery Price Survey from 
BloombergNEF. Ener-
gy density per-kilogram 
of Li-ion batteries has 
more than doubled since 
becoming commercially 
viable. During the same 
period, per-litre density has 
tripled. Maturing tech-
nologies are enabling the 
storage of more power in a 
smaller volume and offer 
a greater opportunity to 
electrify more varied types 
of vehicles.

Optimising battery de-
sign, by utilising innovative 
materials for anode and 
cathode manufacturing, is 
a major focus for Cummins 
as they look to improve 
capacity, optimise charge 
rates and maximise battery 
life. In fact, all battery man-
ufacturers are diversifying 
their portfolios to meet the 
“specific industrial re-
quirements of commercial 
and off-highway vehicles,” 
says Cummins. But will 
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these efforts kickstart the 
widespread commercial 
adoption of electric vehi-
cles (EV)?

The upfront cost of EVs 
remains higher than the 
diesel alternative. Despite 
the expense associated 
with electrifying commer-
cial vehicle fleets, parity in 
the total cost of ownership 
may be close at hand for 
many applications, says 
Cummins. Advancements 
in lithium extraction 
processes, efficiencies, 
and economies of scale 
continue to drag down 
costs.  A recent paper by 
the International Council 
on Clean Transportation 
(ICCT) projects the total 
lifetime cost of owner-
ship of battery-electric 
heavy-duty fleets will vary 
between 25% more and 
25% less than the diesel 
equivalent over the next 10 
years. Cost efficiencies will 
favour larger investment 
projects.

Cummins already has 
electric buses and trucks 
on the road. The Cummins 
PowerDrive™ 7000 EV vehi-
cle developers kit enables 
school bus manufacturers 
to quickly create electric 
school bus solutions with 

zero-emissions and a 120-
mile all-electric range. The 
company claims perfor-
mance that is equivalent 
or superior to conventional 
engines. In the construc-
tion equipment market, 
a collaboration between 
Cummins and Hyundai 
Construction Equipment 
(HCE) has resulted in the 
development of 3.5-ton 
electric-powered mini ex-
cavators that can complete 
an entire eight-hour shift, 
with less than three hours 
to fully charge.

However, infrastructure 
continues to be a major 
advantage in the continu-
ing use of fossil fuels and 
the internal combustion 
engine. The infrastructure 
charging network is yet to 
reach a level of maturity to 
enable a shift to electrifi-
cation at scale. “Time” is 
the critical variable from an 
infrastructure perspective, 
says Cummins. 

The importance of over-
coming the time hurdle 
cannot be overstated. The 
length of time it takes to 
charge an electric vehicle 
is dictated by the power 
source. Additional pow-
er offers a reduction in 
charging time. The white 
paper acknowledges plans 
to install 300 rapid char-
gers in the UK by 2020 but 
calls for further investment 
from the British govern-
ment, alongside incentives 
for private-sector charging 
providers, to enable a dra-
matic expansion over the 
next two years.  

In a commercial 
environment, downtime 
means cost. The white 
paper stresses a range 
of consequences. Faster 
charging enables a reduc-

tion in the physical space 
required for charging and 
a decrease in the number 
of charging points re-
quired. Shorter charging 
downtimes also have 
implications for the size 
of the commercial fleet 
a business is required to 
maintain. The proximity 
of rapid and ultra-rapid 
charging points is essen-
tial to ensure earnings 
are not impacted. In 
instances where vehi-
cles are shared between 
multiple drivers on 
multiple routes, such as 
with buses, downtime is 
particularly impactful.  

The Cummins report 
suggests charging a fleet 
of 30 buses at 120kW 
would add 3.6MW to a 
site’s peak power de-
mand, the equivalent 
energy required to power 
more than 1,000 homes. 
Clearly, a ramp-up in 
commercial electrification 
has major implications for 
power grids, such as the 
construction of high-en-
ergy powerlines from 
the grid to the site, and 
the overnight supply of 
energy to vehicles when 
household and industrial 
electricity demand is at 
its lowest. The future may 
even demand entirely new 
configurations of build-
ings. 

Marc Trahand, executive 
vice president, Marketing, 
at Nuvve, a global leader in 
vehicle-to-grid (V2G) tech-
nology, called for “smart 
policy approaches and 
energy market design that 
can help open the door to 
significant commercial EV 
uptake.”  A contributor to 
the Cummins white paper, 
Trahand emphasised the 

major benefits of V2G, a 
technology that enables 
energy to be pushed back 
to the power grid from bat-
teries that spend time idle, 
offering added resilience to 
the energy grid.     

The four keys to the 
adoption of commercial 
electrification, Cummins 
says, are technological 
maturity, infrastructural 
capacity, economic reali-
ty, and regulatory surety.  
Regulatory surety en-
ables forward-thinking 
companies to transition 
to electrification without 
fears they will be left be-
hind when an alternative 
solution becomes more 
favourable. It also allows 
for robust forecasting 
around trends and return 
on investment. 

As the most visible 
source of emissions, com-
mercial road vehicles have 
attracted the lion’s share 
of attention when it comes 
to electrification. However, 
the white paper highlights 
significant sustainability 
opportunities available in 
the construction industry 
— currently responsible 
for 23% of global carbon 
dioxide emissions. 

As is the case with 
most global electrification 
efforts, Norway continues 
to lead the way. Oslo’s first 
zero emission construction 
site commenced opera-
tions in September 2019. 
In October 2019, the city 
council agreed by 2025 all 
public construction sites 
will operate emission-free 
machinery and transport. It 
is the phrasing of their pol-
icy, and the open dialogue 
that is key to their progress 
towards sustainability, 
suggests Cummins.  

Photo courtesy 
of Cummins
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The International Mar-
itime Organization (IMO) 
has announced a chang-
ing of the tides, steering 
2020 in a new direction, 
by implementing a regu-
lation that limits the sul-
phur content of marine 
fuels from 3.5% to 0.5%, 
starting 1st January 2020. 
The only exemption from 
this industry-wide ban 
includes fuels burned in 
Sulphur Emission Control 
Area or Emission Con-
trol Area (SECA or ECA) 
regions. 

There are two basic 
types of marine fuels 
— distillate and resid-
ual. Distillate fuel, also 
known as Marine Gas Oil 
(MGO), is composed of 
petroleum fractions that 
are separated from crude 
oil in a refinery with 
a distillation process. 
Residual fuel, or heavy 
fuel oil (HFO) which are 
much cheaper than MGO, 
consists of process resi-
dues and has an asphal-
tene content of between 
3% and 10%. The need to 

switch to and from one 
of these fuel variants 
when entering or leaving 
an ECA poses a range of 
issues for vessel opera-
tors — many of which are 
still not fully understood 
by the wider industry.

HFOs are permitted on 
ships that have exhaust 
gas cleaning systems 
known as scrubbers, 
which removes sulphur 
oxides and lowers sul-
phur emissions. The total 
global demand for fuel oil 
is roughly seven million 

barrels per day, with the 
marine industry respon-
sible for half of residual 
fuel oil demand. There-
fore, this new regulation 
is having a drastic effect 
on the availability and the 
cost of marine fuels. 

An issue of contention 
arising from this new 
regulation concerns the 
compatibility and stabil-
ity of sulphur-compli-
ant fuels. According to 
the ISO specification of 
marine fuels (ISO 8217), 
fuels are required to have 

Navigating the uncharted waters  
of IMO 2020: Fuel stability and  
compatibility challenges 
DR. RAJ SHAH, DR. SAL RAND, AND JACKY JIANG
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a “homogeneous blend 
of hydrocarbons derived 
from petroleum refining,” 
which is an indication of 
stability. The stability of a 
residual fuel is associat-
ed with the ability of the 
asphaltenes to remain 
in a suspended state. In 
other words, stability 
depends on the nature 
of the hydrocarbons in 
the fuel. Ideally, bunker 
residual fuels should be 
segregated to prevent 
the agglomeration of the 
asphaltene contents. 

During the blending of 
fuel oils, the uniform 
dispersion of asphaltenes 
in the residual fuel can 
be thrown out of equi-
librium, resulting in an 
unstable dispersion of 
asphaltenes. 

Asphaltene separation, 
colloquially known as 
sludge, can be deleteri-
ous to ship engines and, 
therefore, should be 
avoided to ensure optimal 
performance. Howev-
er, during the storage 
of various fuel oils in 
bunkers, it is not always 
feasible to separate the 
fuels and, consequently, 
commingling can occur. 
New fuel formulations 
are also being made 
using different fuels with 
varying sulphur content 
to adhere to the new sul-
phur specification. This 
means the compatibility 
of commingled fuels is a 
requirement, making fa-
miliarity with these new 
sulphur-compliant fuels 
a necessity. 

In addition to the global 
sulphur cap of 2020, 
a notable amendment 
to the regulation is the 
entry into force of a rule 
to ban the carriage of 
non-compliant fuel oil 
effective 1 March 2020. 
The complementary 
International Conven-
tion for the Prevention 
of Pollution from ships 
(MARPOL) amendment 
prohibits the carriage of 
non-compliant fuel oil for 
combustion purposes for 
propulsion or operation 
on board a ship — unless 
the ship has an approved 
scrubber.

While there will still 
be an allowance to carry 

HSFO on cargo, it will 
not be permitted to have 
HSFO carried in fuel 
tanks, unless scrubbers 
are in use. This is for the 
purpose of enabling port 
state control to detain 
ships carrying non-com-
pliant fuel, without having 
to figure out if it has been 
used or not. This is to dis-
courage non-compliance 
when traversing through 
international waters. 
There are some ports 
which have prescribed 
the use of open-loop 
scrubbers within their 
domain.

Open loop scrubbers 
use seawater to lower 
the sulphur content of 
the exhaust gases to 
an equivalent of 0.10%. 
The process water is 
discharged overboard 
in compliance with IMO 
2020 regulations. Open 
loop systems are pri-
marily used for vessels 
that operate mainly in the 
open sea.

The European Union 
Sulphur Directive des-
ignates a maximum of 
0.10% sulphur content 
for ships in EU ports. In 
certain EU countries, the 
Water Framework Direc-
tive constricts the dis-
charge of scrubber water. 
In Germany, as well as in 
Belgium, the discharge of 
scrubber water in many 
areas is now verboten, 
thus preventing the 
operation of open-loop 
scrubbers. In addition, 
other EU countries may 
follow their lead; how-
ever, no overarching EU 
practice is likely to be 
agreed upon. 

As of 1st January 2019, 
China announced that 

it was expanding the 
geographical coverage of 
its 0.50% sulphur area to 
a 12-nautical mile zone, 
spanning the entirety of 
the Chinese coastline, 
including the special 
administrative regions of 
Hong Kong and Macao, 
and Taiwan. Moreover, 
discharging wastewa-
ter from scrubbers is 
outlawed within inland 
ECAs, port waters and 
the Bohai Bay waters. A 
total embargo on open-
loop scrubbers from the 
country’s ECA may also 
be enacted at a later 
date.

The California Air 
Resources Board (CARB) 
invokes a 0.10% sulphur 
limit within 24 nautical 
miles of California’s 
coast. The regulation 
forbids any other com-
pliance options besides 
low-sulphur marine gas 
or diesel oil (DMA or 
DMB). A transitory re-
search exemption may be 
given, allowing the use of 
a scrubber. The applica-
tion must be submitted 
before entering Califor-
nia waters. Following 
a formal review of the 
regulation, California 
legislators have made 
the decision to sustain 
it as an addition to the 
ECA requirements. It is 
compulsory that ships 
comply with both sets of 
regulations when calling 
on a California port.

A widespread global 
trend is in effect enacting 
more stringent local air 
pollution regulations. 
This is further elucidated 
by emissions regulations, 
both already in effect and 
pending, in areas such as 
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the Panama Canal, Taipei 
and local municipalities 
around the globe.

A study was recently 
conducted by Concawe, 
which consists of oil and 
gas companies that oper-
ate in Europe to carry out 
research on environmen-
tal issues relevant to the 
oil industry, to evaluate 
the effectiveness of sev-
eral ASTM test methods 
in predicting the stability 
and compatibility of sul-
phur-compliant marine 
fuels. These test meth-
ods include: ASTM D4740, 
Standard Test Method for 
Cleanliness and Compati-
bility of Residual Fuels by 
Spot Test; ASTM D7157, 
Standard Test Method for 
Determination of Intrin-
sic Stability of Asphal-
tene-Containing Resi-
dues, Heavy Fuel Oils, 
and Crude Oils (n-Hep-
tane Phase Separation; 
Optical Detection); ASTM 
D7112, Standard Test 
Method for Determining 
Stability and Compati-
bility of Heavy Fuel Oils 
and Crude Oils by Heavy 

Fuel Oil Stability Analyzer 
(Optical Detection); and, 
ASTM D7060, Standard 
Test Method for Deter-
mination of the Maxi-
mum Flocculation Ratio 
and Peptizing Power in 
Residual and Heavy Fuel 
Oils (Optical Detection 
Method).

The fuels used for this 
study were: ultra-low 
sulphur fuel oil (ULSFO), 
very low sulphur fuel oil 
(VLSFO), low-sulphur 
fuel oil (LSFO) and HSFO. 
By testing the stability of 
a fuel sample mixture, 
an indication can be 
obtained regarding the 
potential compatibility 
between the two fuels 
used in the mixture at a 
specific ratio. Although, 
even if two individual 
residual fuels are found 
to be stable, the compati-
bility of the pair of fuels is 
still inconclusive. Table 1 
shows a detailed distri-
bution of the samples 
and the associated fuel 
category.

The overall comparison 
of the performance of 

ASTM D7157, D7112, and 
D7060 with ISO 10307-
2 (Total sediment in 
residual fuel oils — Part 
2: Determination using 
standard procedures 
for ageing) is shown 
in Table 2. This part of 
ISO 10307 specifies two 
procedures — A (ther-
mal) and B (chemical) 
— for the accelerated 
ageing of residual fuel 
oils. When combined with 
the hot filtration method 
specified in ISO 10307-1, 
these procedures permit 
the prediction of fuel oil 
stability, as affected by 
sedimentation, during 
storage and handling of 
fuel oils.

 The green-shaded 
areas, orange-shaded 
areas, and red-shaded 
areas represent “good”, 
“poor”, and “bad” predic-
tions, respectively. These 
predictions are used as 
an indication of the qual-
ity and accuracy of the 
prediction methodology. 

 For ASTM D7157 and 
D7112, predictions agree 
with TSP evaluation when 

SBNmix› 1.4INmax. How-
ever, when the predic-
tions are in the critical or 
unstable area, verifica-
tion with Total Sediment 
Potential (TSP) is rec-
ommended. Predictions 
from ASTM D7060 agree 
with TSP evaluation when 
the p-ratio is greater 
than 1. Incompatible fuels 
evaluated from ASTM 
D7060 should be verified 
with TSP. Inconsisten-
cies have occurred in 
the comparison, but the 
three ASTM test meth-
ods can still be useful in 
predicting the possibility 
of incompatible fuels. 

These new regulations 
are upending the sphere 
of marine fuels. In an en-
deavor to swim with this 
current, the ECA 0.10% 
sulphur cap has already 
generated the develop-
ment of new low-sulphur 
fuels. However, the IMO 
decree to initiate a 0.50% 
global sulphur cap in 
2020 may result in added 
difficulties regarding 
engine operation.

The industry has 
turned to Liquified Natu-
ral Gas (LNG) as a poten-
tial aid in meeting these 
new regulations, since 
LNG can reduce sulphur 
oxide (SOx) emissions by 
approximately 90% when 
compared with HFO. This 
stark contrast renders 
LNG an appealing option 
from a compliance point 
of view. At first, there 
were complicating fac-
tors at play such as the 
fact that operators would 
need to fully weigh the vi-
ability of their vessels to 
carry LNG and ascertain 
whether they are able to 
access an available, de-

Table 1. Fuel Sample Distribution Source: Concawe

Number of samples 9 ULSFO 27 VLSFO 5 LSFO 11 HSFO

Samples from traders and 
shipping companies 5 0 3 10

Samples from fuel  
suppliers 4 27 2 1

Number of suppliers unknown 9 1 unknown

Off-specification samples 0 3  
TSP

2  
-TSP, CCAI density, 

Al + Si
0

ISO 8217
fuel category

7 DMA
1 RMA10

1 RMG180

1 DMA
1 RMA10
3 RMB30
7 RMD80
7 RMG180
5 RMG380
2 RMG500
1 RMK380

1 RMD80
2 RMG380
1 RMK380
1 RMK700

1 RMG180
5 RMG380
1 RMG500
4 RMK500
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pendable and economical 
supply chain. With recent 
investments, vessels are 
now able to overcome 
these factors.

Consequently, marine 
fuels industry profes-
sionals and observers 
are prognosticating a 
multi-fuel strategy, with 
LNG augmenting in the 
future, as opposed to 
completely supplant-
ing the current fuels of 
today. What the precise 
degree of take-up will 
be remains, at present, 
unknown as owners and 
operators assiduously 
grapple with the possi-
bilities being presented 
to them for their fleets. 
There is no “one-size 
fits all” answer to this 
challenge. Some factors 
which will help solidify 
compliance decisions will 
need to be considered 
on an individual basis, 
include trading routes 
and age of vessels.

The mega marine 
engines of ships burn 
tons of fuel daily. This 
is necessary to propel 
these heavily loaded 
ships. Low-grade fuel 
oils are typically em-
ployed in these gargan-
tuan engines to mitigate 
the ship’s huge operating 
expenditures of fuel 
which can potentially be 
upwards of 60-70% of 
the ship’s total operating 
costs. 

New LSFO blends can 
be mainly aromatic or 
mainly paraffinic in their 
compositions, depending 
on how they are blended 
and refined. Consequent-
ly, due to these dispari-
ties, issues of compati-
bility can arise between 

different batches when 
mixed on ships, a process 
known as commingling. 
Commingling bunker 
fuels from divergent 
origins could produce 
sludge formations, which 
can damage engines.

When two incompatible 
fuels are mixed, another 
potential issue can occur, 
asphaltene separation. 
This is when asphaltenes 
precipitate and subse-
quently form sludge on 
the inside of engine fil-
ters and separators. This 
is undesirable because it 

can cause a ship to lose 
its propulsion and auxil-
iary power. Fuel testing 
agencies will be gearing 
up to test compatibility 
from suppliers at various 
locations.

 Shipowners already 
have a variety of potential 
solutions at hand to curb 
the risk of incompatibil-
ity and resultant engine 
failure. For instance, 
most buyers will contin-
ue using LSFO mixtures 
which hail from different 
supplies in their own 
separate tanks. This is a 

safety practice which is 
already widely used when 
bunkering HSFO blends. 
The International Bun-
ker Industry Association 
(IBIA) has admonished 
shipowners to stave off 
commingling by segre-
gating tanks to maintain 
a variety of fuel qualities, 
adding complexity to a 
ship’s operation.

Some shipowners, in 
the interest of foresight, 
have gotten a head start 
in preparation for 2020, 
by already segregating 
their fuel tanks. Shipown-

Table 2. Predicted stability vs. actual stability Source: Concawe

ASTM D7157 (Rofa) prediction
Actual blend stability based on TSP and TSA

Stable Borderline Unstable

Predicted Classification

Stable 16 2 1

Borderline 10 0 3

Unstable 2 0 1

ASTM D7112 (Porla) prediction
Actual blend stability based on TSP and TSA

Stable Borderline Unstable

Predicted Classification

Stable 13 1 1

Borderline 14 1 2

Unstable 1 0 2

ASTM D7060 (Zematra) prediction
Actual blend stability based on TSP and TSA

Stable Borderline Unstable

Predicted Classification
Stable 18 2 0

Unstable 6 0 4
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ers who possess scrub-
bers on their vessels will 
see that their storage 
tank ratio of LSFO to MGO 
will most likely continue 
unchanged into 2020.

At the other end of 
the spectrum, a subset 
of shipowners prefer 
to keep the status quo, 
maintaining business as 
usual as they deliberate 
on how to proceed. Their 
options include the fol-
lowing: a) convert to 0.5% 
LSFO, b) install a scrub-
ber or switch to LNG. 
This waffling has been 
due in part to a pall of 
uncertainty surrounding 
fuel prices, fuel supply 
and scrubber availability. 
Shippers have also been 
eyeing the IMO to glean 
how strictly the UN agen-
cy would enforce the IMO 
2020 regulation.

A proposal by various 
flag states that an ex-
perience building phase 
(EBP) be added to the 
regulations was defeated 
at MEPC 73, while recent 
amendments to Mar-
pol Annex VI will forbid 
non-scrubbing vessels 
from carrying more than 
0.5% fuel oil on board as 
of 1st March 2020.

The IMO is ostensibly 
staunch in its avowal 
to demand strict com-
pliance to the reduced 
sulphur cap. Although, 
as a special agency of the 
United Nations, the IMO 
has no real authority to 
enforce the new regula-
tions itself. Adherence 
may, ultimately, be 
market driven. Global 
customer-facing mono-
liths such as Walmart 
and Ikea have a built-in 
brand-protective interest 

in demanding that ship-
ping firms comply with 
the new rules to curtail 
bad publicity from envi-
ronmental groups and 
an ecologically minded 
public. Failure to comply 
with the global sulphur 
cap could also cause a 
vessel to be deemed “un-
seaworthy” for insurance 
purposes.

In practice, the 0.5% 
global cap will be en-
forced worldwide by Port 
State Control (PSC) au-
thorities. At the beginning 
of April, the Maritime and 
Port Authority of Singa-
pore, which has already 
banned open loop scrub-
bers, stated that, from 
the beginning of 2020, 
captains and owners of 
vessels which burn high 
sulphur fuel within its 
territorial waters, with-
out utilizing sulphur-re-
ducing technology such 
as scrubbers, could be 
sentenced to up to two 
years in prison. 

This is contrary to other 
flag states outside North 
America and northwest 
Europe, which are often 
low on resources, as well 
as lacking in commitment 
to doling out serious 
penalties. Worldwide, 
only a small portion of 
port states have expe-
rience in this field. The 
global average sulphur 
content of HSFO is 2.7%, 
which is lower than the 
current IMO emissions 
cap of 3.5%. Because 
of this, compliance has 
not been on the radar of 
much of the seafaring 
world. Prior to 2020, 91 
states ratified MARPOL 
Annex VI. All are required 
to sanction IMO 2020. 

Even with that being the 
case, only 31 already had 
sulphur regulations in 
effect with only a paltry 
16 being ECA regions. 
This illustrates a sweep-
ing dearth of experience 
in administering sulphur 
regulation compliance. 
ECA countries are only 
used to monitoring their 
own waters and not the 
vast open sea. This is the 
impetus buttressing the 
new legislation ban-
ning all vessels without 
scrubbers from trans-
porting HSFO starting 
March 1. 

It is recommended that 
buyers who intend to 
commingle the new fuels 
should conduct compat-
ibility tests to start with. 
The preferred method 
for achieving this is the 
ASTM D4740 spot test. 
This is a tool of analysis 
to scope out possible 
commingling conflicts 
between grades. Ship-
owners can also choose 
to make use of any of 
the several fuel addi-
tives available to reduce 
sludge formation. 

As with any new chang-
es, there are sure to be 
some growing pains and 
learning curves, especially 
concerning incompatibility 
between new LSFO and 
distillate blends. However, 
with the proper tools and 
knowledge, shipowners 
should not commingle 
them with any more reg-
ularity than they did HSFO 
blends in prior years. Once 
these new regulations 
are acclimated to, vessels 
should continue to enjoy 
smooth sailing into 2020 
and beyond. 
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“Europe will become 
climate neutral by 2050.” 
A bold statement by the 
European Commission. 
Most regions contribute far 
more carbon dioxide into 
the atmosphere than they 
can absorb. Yet, while many 
countries speak of their 
desire to achieve climate 
neutrality in the foreseeable 
future, Europe is already 
committing it to law. 

The European Union 
(EU) already has some 
of the sternest climate 
legislation in the world — 
and is making progress 
in arresting greenhouse 
gas emissions (GHG), 
according to the commis-
sion website. On track to 
achieve its 20% emissions 

reduction target for 2020, 
set in 2007 by EU leaders 
as part of the 2020 Climate 
& Energy Package, the EU 
has also enacted legisla-
tion to reduce emissions 
by 40% to 2030. Though, 
current policies will only 
deliver a 60% reduction in 
GHG emissions by 2050, 
compared to 1990 levels, 
well short of the amount 
required to balance emis-
sions and gas removal 
from the atmosphere.

In November 2018, the 
European Commission 
demonstrated the viability 
of a move to net-zero GHG 
emissions in its strategic 
long-term vision “A Clean 
Planet for all.” The goal of 
climate neutrality by 2050 

was endorsed a year later 
by the European Council. 
Now, the European bloc is 
turning that promise into 
a binding legal obligation 
with the release of the Eu-
ropean Climate Law on 4 
March 2020. The European 
Climate Law is the world’s 
first climate-neutral 
commitment, firmly posi-
tioning Europe as a global 
leader in the battle against 
climate change.  

The proposed legislation 
was approved at a meeting 
attended by Swedish teen-
age activist Greta Thun-
berg. The legislation still 
requires the endorsement 
of Europe’s 27 member 
states and the European 
Parliament.

The science is clear, 
says the European Com-
mission. The atmosphere 
is warming, with serious 
consequences. The cli-
mate law provides a legal 
framework for the reduc-
tion of GHG emissions to 
net zero, part of an effort 
to transform Europe’s 
economy and decouple 
economic growth from re-
source use. Such a move 
is imperative to achieving 
the commitment of the 
2016 Paris Agreement to 
restrict global tempera-
ture rises to less than two 
degrees Celsius.

In a statement, president 
of the commission, Ursula 
von der Leyen, said the leg-
islation will provide a “com-

EU: Binding legislation to ensure  
climate neutrality by 2050
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pass for the next 30 years,” 
guiding us as we build a 
sustainable growth model. 
The law outlines the neces-
sary steps to attain the 2050 
target, introduces tools and 
measures to track progress 
and adapt accordingly.  By 
September 2023, and every 
five years thereafter, the 
commission will assess the 
consistency of the EU and 
national measures with the 
climate-neutrality objective.

A review of Europe’s 
2030 emissions reduc-
tion target of 40% will be 
completed by September 
2020, as the EU explores 
the feasibility of a more 
stringent 50-55% objec-
tive. Also, the commission 
will complete an assess-
ment of policy instruments 
and legislative opportuni-
ties to unearth additional 
emission savings neces-
sary to achieve net-zero 
emissions. Amendments 
to the climate law will be 
completed following these 
assessments.  

The European-wide 
climate legislation binds 
EU institutions and 
member states to adopt 
the necessary steps to 
achieve climate neutrality 
and will ensure the EU 
considers climate goals in 
all future policy decisions. 
Von der Leyen believes 
the regulation provides a 
“huge opportunity” for Eu-
rope to gain a first-mover 
advantage while offering 
a business environment 
with “predictability and 
transparency for Europe-
an industry and investors.”  
The legislation maps out 
the pace of emissions 
reductions, as well as 
providing direction to the 
green growth strategy, 

which is necessary for this 
collective transformation, 
she says. Von der Leyen 
anticipates the proposed 
regulation will prove a 
trigger for investment in 
green technology in the 
economic bloc.

The president is confi-
dent that Europe’s lead-
ership efforts will inspire 
the EU’s partners around 
the world to “raise their 
own ambition,” in advance 
of the 26th United Nations 
Climate Change Confer-
ence that will take place 
in November 2020, at the 
Scottish Exhibition Centre 
in Glasgow.

Europe’s climate law is 
a key component of the 
European Green Deal, a 
roadmap for making Eu-
rope’s economy sustain-
able. The Green Deal was 
presented by the von der 
Leyen-led commission on 
11 December 2019 and in-
cludes the policy initiatives 
of the European Commis-
sion to become climate 
neutral in 2050. Initiatives 
include emerging techno-

logical solutions, empow-
ering citizens, alignment 
with industrial policy, 
finance and research, as 
well as social fairness. 
The climate law writes 
into law the goals set out 
in the European Green 
Deal. 

Alongside the release 
of the European Climate 
Law in early March, the 
European Commission has 
also commenced public 
consultation on the Eu-
ropean Climate Pact. The 
climate pact is designed to 
encourage broad soci-
etal engagement in the 
region’s climate efforts 
and to foster cooperation, 
sharing of information, 
and showcasing of solu-
tions. Public consultation 
on the climate pact is 
open until 27 May 2020. 
The commission aims to 
launch the pact in advance 
of November’s Glasgow 
Conference.

No doubt, this new 
legislation poses some 
serious questions for the 
oil and gas industry. How-

ever, when the European 
Green Deal was launched 
late last year it was met 
with broad acceptance 
from major energy com-
panies. 

The Alliance of Energy 
Intensive Industries (EII) 
is made up of multiple 
industry associations, 
including the Europe-
an Petroleum Industry 
Association (Fuels Europe) 
and the European Chem-
ical Industry Council 
(CEFIC). The organisation 
represents more than 
30,000 companies that are 
Europe’s largest energy 
consumers. EII voiced 
support for the commis-
sion’s long-term vision 
for the industry during 
feedback on the draft 2030 
Target Climate Plan that 
will assess the economic, 
social and environmental 
impact of a cut in GHG 
emissions of at least 50% 
to 55% for 2030.

EII highlighted a need 
for a climate and in-
dustrial transformation 
agenda to be implemented 
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simultaneously and called 
for rapid progress on the 
demonstration of first-of-
its-kind technologies by 
2030. The “right enabling 
framework conditions 
for this transition” are 
needed now, says EII, and 
a Clean Industry Package 
with concrete actions is 
required within the next 12 
months.

In a statement released 
on 29 January 2020, Direc-
tor General of the Europe-
an Automobile Manufac-
turers Association (ACEA), 
Eric-Mark Huitema, said 
European automakers 

“fully support the aims of 
the Commission’s Green 
Deal” and believe that car-
bon-neutral road trans-
port is possible by 2050. 
Huitema reiterated the 
scale of investments ACEA 
members are already 
making to achieve the 
current 2030 targets and 
called for greater legal 
certainty and long-term 
stability on the journey to 
carbon neutrality in 2050. 

Huitema stressed that 
technological neutrality 
must be guaranteed to 
reflect the many different 
mobility needs of Euro-

peans, and asked for a 
more holistic approach 
to carbon neutrality that 
considers both ‘tank-to-
wheel’ and ‘well-to-tank’ 
CO2 emissions, rather 
than focusing only on tail-
pipe reduction targets. 

A “dense network 
of charging points and 
re-fuelling stations” is the 
single most important en-
abler for achieving carbon 
neutrality across the EU, 
says Huitema. A review of 
the EU’s Alternative Fuels 
Infrastructure Directive 
to include mandatory 
infrastructure targets for 
national governments and 
appropriate enforcement 
measures is necessary, 
he says.

However, as the im-
mediate impact of the 
coronavirus pandemic 
supersedes a potential 
future climate emergency 
in the news headlines, 
prominent figures have 
called for an urgent review 
of existing climate targets. 
In comments published 

in the German newspaper 
Süddeutsche Zeitung, Ger-
man lawmaker Wolfgang 
Steiger pressed for a "de-
ferment of climate policy 
targets," as the extent of 
the economic impact of 
COVID-19 remains unseen.

The request mirrors 
appeal from some of Eu-
rope’s member countries. 
Poland’s government has 
indicated it will be unable 
to achieve the EU’s cli-
mate change goals due to 
the heavy toll COVID-19 is 
having on the local econo-
my. It is worth noting that 
Poland, a heavy coal-fired 
power generator, has 
long been resistant to the 
administration’s ambitions 
on climate change. Hol-
land too, announced on 27 
March 2020 new measures 
for reducing CO2 would-be 
put-on ice as “there are 
other priorities now”.

Despite the disruptions, 
the European Commission 
appears resolute in its 
environmental plans. In a 
tweet on the 8th of April, 
the commission confirmed 
that even “while we’re 
working hard to fight the 
coronavirus, our efforts 
to create a greener and 
cleaner economy don’t 
stop.” The comments 
came alongside the 
launch of a consultation 
on a renewed sustainable 
finance strategy — an 
enabling framework for 
the European Green Deal 
Investment Plan. Publicly 
at least, it seems the EU 
will continue their environ-
mental efforts in parallel to 
the mitigation of the COVID 
19 outbreak. Though, it has 
been suggested they may 
“reorder” some nonessen-
tial items. 



44 F+L Magazine   Quarter Two 2020

Microbial accumula-
tion is commonly found 
in metalworking fluids 
(MWF) used in manufac-
turing. The proliferation 
of microorganisms is 
one of a relatively limited 
number of factors that 
can contribute to wa-
ter-miscible MWF failure. 
Effective microbial 
contamination control 

is foundational to MWF 
maintenance.  In turn, 
cost-effective microbial 
contamination control de-
pends on timely, reliable, 
microbiological data. 

The cost of an unsched-
uled outage for MWF sys-
tem draining, cleaning, 
and recharging can cost 
as much as USD250,000 
— including lost produc-

tion opportunity costs. 
The annual incremental 
cost of switching from 
microbiological test 
technology that was 
developed in the 1850s — 
and which takes several 
days to get results — to 
modern methods that 
can provide results in a 
few minutes is typically 
less than USD2,000 per 

year. Still, most industry 
stakeholders cling to 
outdated test methods.  
Despite the limitations of 
culture testing, it re-
mains popular because 
most users prefer to rely 
on tradition, rather than 
on technology.  Much of 
the resistance to change 
is due to the lack of MWF 
microbiology education, 

Modern real-time microbial testing 
methods still seen as underutilised
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says Frederick Passman, 
who founded Biodeterio-
ration Control Associates 
(BCA), Inc. in 1992 in 
Princeton, New Jersey, 
U.S.A. BCA focuses on 
education, training, and 
root cause analysis of 
microbial issues in MWF 
and other industrial fluid 
systems.

There is an assortment 
of ways in which uncon-
trolled microbial con-
tamination can contribute 
to MWF degradation 
or failure. Foul odour 
is likely a symptom of 
heavy microbial con-
tamination in MWF. Less 
visible symptoms include 
difficulty in maintaining 
pH and reserve alkalinity, 
increased corrosivity, 
decreased emulsion 
stability in emulsifiable 
oil and semi-synthetic 
MWF, and decreased 
tool life. Such symptoms 
emphasise the impor-
tance of an effective MWF 
fluid management plan 
for controlling microbial 
contamination.

“Different stakeholders 
assess MWF perfor-
mance according to their 
perspective on opera-
tions,” says Passman. 
Smaller operations may 
use odour as the sole 
determinant to replace 
MWF. Larger facilities 
generally employ a more 
sophisticated strategy 
where fluid managers as-
sess the impact of micro-
bial contamination on tool 
life, part rejection rates, 
filter indexing rates, and 
selective depletion of 
filter media.

It is not just the impact 
on tooling performance 
that is of concern when 

it comes to MWFs. A 
myriad of health risks 
include skin and respira-
tory complaints, and an 
elevated risk of certain 
cancers. The most-re-
ported skin condition is 
contact dermatitis, de-
livering burning, itching, 
and blistery skin. The 
high pH at which MWF 
are used is the primary 
factor contributing to 
contact dermatitis among 
machinists.  While there 
is no evidence that micro-
bial contamination caus-
es dermatitis directly, mi-
crobicides used to control 
microbial contamination 
are known skin irritants, 
and can contribute to 
increased dermatitis risk 
from MWF contact, says 
Passman.

  The primary health 
risk presented by mi-
crobes in MWF is allergic 
respiratory disease, trig-
gered by the inhalation 

of bioaerosols. Health 
impacts depend on the 
level, duration and fre-
quency of exposure and 
the sensitivity of exposed 
individuals.  Symptoms 
can range from “mild, 
hay fever-like symptoms 
to hypersensitivity pneu-
monitis, which can be 
fatal,” he says.  

Since the mid-1980s, 
considerable progress 
has been made in both 
the awareness and 
management of microbial 
contamination, includ-
ing the greater use of 
bio resistant additives. 
Communication efforts 
by ASTM, the Energy 
Institute and U.S. and 
EU government agen-
cies significantly raised 
awareness between the 
early 1990s to 2000, says 
Passman. 

Today, “most MWF 
managers recognise the 
importance of microbial 

contamination control,” 
he says, though, some 
are more proactive 
than others.  Attention 
to MWF contamination 
varies regionally, with 
countries with stronger 
environmental protection 
measures typically more 
proactive in microbial 
control. Technology also 
plays a vital role. Newer 
machines are typically 
enclosed and frequently 
contain mist collection 
units.   

The reported incidence 
of respiratory disease 
among machinists has 
decreased substantially 
since the early 2000s. 
On the face of it, these 
statistics are reassur-
ing. However, Passman 
says he is “not entirely 
comfortable that the drop 
in reporting reflects an 
equal drop in incidence.” 
Without comprehensive 
data it is difficult to as-
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certain whether declines 
are due to a drop in expo-
sure risk or a diminished 
focus on bioaerosols in 
metalworking facilities in 
North America, he says. 
Some industry stake-
holders have claimed a 
weakening of trade union 
powers are also under-
mining their influence on 
the industry’s health and  
safety focus.  

Even if we are wit-
nessing a drop in the 
incidence of severe 
health complications 
as a result of microbes, 
there are still many 
unanswered questions 
requiring greater facility 
investment and research, 
suggests Passman.  One 
such example is the 
link between endotoxin 
bioaerosol concentration 
and the severity of the 
respiratory disease. Mist 
collection systems do 
not necessarily reduce 
endotoxin bioaerosol 
concentrations, hypothe-
sises Passman, advocat-
ing further research on 
workers’ health impacts.  

Costs associated with 
uncontrolled microbial 
contamination are diffi-
cult to quantify. Suffice to 
say, appropriate condition 
monitoring and treatment 
costs are significantly 
outweighed by health, 
tooling and fluid replace-
ment expenses. Signifi-
cant regional differences 
can be attributed to 
variances in local waste 
disposal regulations. In 
some parts of the U.S., 
waste removal can cost 
upwards of USD2.50 per 
gallon. At the other end 
of the spectrum, cer-
tain parts of the world 

continue to discharge 
MWF waste into sewer 
systems, says Passman. 
Regular fluid mainte-
nance by skilled staff 
is imperative to extend 
the lifetime of coolants, 
ensure the quality of the 
tools produced, and re-
duce worker health risks. 

In recent years, there 
have been notable tech-
nological advances in 
microbiological monitor-
ing. Several “real-time 
methods are available 
but underutilised,” says 
Passman, as much of 
the industry continues to 
trust technology devel-
oped in the 1850s. ASTM 
E2694-16, Standard Test 
Method for Measurement 
of Adenosine Triphos-
phate in Water-Miscible 
Metalworking Fluids, 
was published in 2016 
and offers a new tool 
for determining MWF 
microbial populations. 
The test method mea-
sures the concentration 
of a universal energy 
molecule — adenosine 
triphosphate (ATP).  A 
modified version of E2694 
can be used to determine 
adenylate energy charge 
(AEC), computed from the 
ratios of ATP, adenosine 
diphosphate (ADP), and 
adenosine monophos-
phate (AMP). Healthy, 
metabolically active 
microbes have a high 
ratio of ATP to ADP and 
AMP. Stressed or dying 
microbes do not produce 
ATP.   

Having used the 
catalase test for almost 
30 years, Passman now 
considers ASTM E2694 
ATP a useful successor to 
the widely used cata-

lase test. The catalase 
test only detects aerobic 
bacteria and fungi.  Also, 
when the test’s oxidizing 
reagent (hydrogen perox-
ide) is mixed with heavily 
contaminated MWF, the 
reaction can be violent. 
ASTM E2694 includes a 
protocol for differenti-
ating between bacterial 
and fungal contamination 
and provides immediate, 
actionable test results. 
The method is increas-
ingly valuable as MWF 
manufacturers transition 
to bio resistant functional 
additives at the expense 
of microbicides.

MWFs prevent the 
overheating of a workpiece, 
remove swarf, chips and 
fines from the cutting area, 
and increase tool life. A 
growing trend in metal-
working is the shift toward 
more sustainable practic-
es. One technology gaining 
increasing attention is min-
imum quantity lubrication 
(MQL) which utilises only a 
small quantity of lubricant 
precisely metered, mixed 
with air, and delivered to 
the edge of the cutting tool. 
Advocates claim a reduc-
tion in cutting fluid costs 
and a smaller environmen-

tal footprint. Some believe 
MQL leads to a reduction 
in microbial contamina-
tion, although there is no 
research to support this 
claim. 

Passman suspects the 
impacts are similar to 
those that affect conven-
tional flood application. A 
consequence of MQL is an 
insufficient volume of MWF 
to transport chips from the 
point of cut to appropriate 
chip removal equipment. 
“Chip surfaces are breed-
ing grounds for microbial 
contamination,” he says. 

Timely and effective 
microbial contamina-
tion control contributes 
to extended tool life, 
decreased corrosion and 
rejected parts, and re-
duced production costs.  
Cost-effective predictive 
maintenance includes 
real-time microbiological 
testing methods such 
as the ASTM E2694 ATP 
test or the catalyse test, 
and the strategic use of 
microbicides as de-
scribed in ASTM E2169-
17, Standard Practice for 
Selecting Antimicrobial 
Pesticides for Use in Wa-
ter-Miscible Metalwork-
ing Fluids. 

Fred Passman
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Training 
Courses 

Developing and Managing 
Metalworking Fluids for 

Sustainable Success
1 September 2020

PATRICK E. BRUTTO
M.Sc., CMFS

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

the risk of failure.

Lubrication Challenges of 
Electric Vehicles

2 September 2020

DR. EDWARD BECKER
President & Founder, Friction & 

Wear Solutions, LLC

Learn lubrication fundamentals 
and how they apply to current 

and future automotive propulsion 
systems.

Marine Fuels &  
Lubricants

3-4 September 2020

MICHAEL D. HOLLOWAY
Training & Competency 

Development Leader, 5th Order 
Industry

Get the latest updates on IMO 
2020 implementation. Learn how 
the shipping industry is adjusting 

to using new types of fuel and 
choosing the right lubricant.

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

1-4 September 2020
Bangkok, Thailand

https://bit.ly/3b2tp5g


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