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Technology that enables stability in the energy supply
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@E;MERi ( Crude Oil Evaluation )

Our independently developed technologies facilitate more efficient

refinery operations and enable us to deliver higher quality products.

@ELMATSZIE ( Refinery Support )
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The properties of a crude oil depend on where it
comes from. Indeed, several types of crude are
mixed and are processed at our refineries.

Our Crude Assay Database includes data on
different varieties of crude oil from the Middle East,
the US, and many other regions.

At the Central Technical Research Lab, we build this
database by analyzing each crude ourselves. The
data help us to secure stable supplies of crude,
optimize production, and avoid technical problems
at our refineries.
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@AMEREF ( Catalyst Development )

Our company produces a variety of petroleum
products by separating crude oil into different
fractions, including naphtha, gas oil, and fuel oil.
Hydrodesulfurization and other processes are then
used to treat these fractions to reduce their
potential for negative environmental impacts. Our
mission is to make refining operations more
efficient.

Another recent focus has been on simulation
technologies. Predictions of catalyst life are critical
to operations at the refinery, but precise
predictions can be difficult because most catalysts
are used for extended periods. Through the use of
simulations built on data from past research, we
help our refineries to operate with greater safety
and efficiency.
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We are developing hydrotreating catalysts that are cost-competitive in global
markets and now used in many types of commercial units at our refineries. Our
facilities include kneaders, extruders, and other equipment that enable us to
produce a range of different catalysts. Development of new catalysts demands
extensive testing. Only those that have been evaluated in a pilot plant and
shown to meet certain requirements will be approved for manufacture as
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processes and catalysts for petrochemical production.
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@BLMATEZMRELMT ( Refinery Surveillance Technologies )
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@MARIGREETRZS ( Research in Fuel Quality )
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In the working areas of a refinery, regulations mandate the use of detection
systems and field personnel, relying on their human senses as they make the
rounds, to spot irregularities early and keep them from becoming bigger
problems. But the fact is that it's difficult to keep field personnel on site at all
times. To ensure that problems are detected early and surely, monitoring
technologies are needed that will allow machines to do the job that humans do
with their eyes, ears and noses.

We have developed monitoring equipment that can serve as an alternative to
the human senses of sight, hearing and smell. This equipment has been linked
with a network of wireless devices and personal computers as part of a newly
developed plant monitoring system.

We have also developed techniques for early detection of problems based on
artificial intelligence analysis. For example, we developed a technique whereby
the white smoke from an oil leak can be detected via image processing.
Typically, when a leak occurs, it generates smoke that will keep coming from
about the same place. We can extract an image of just the smoke by subtracting

the background image from the smoke image. Next, we calculate the number of

pixels in the overlapping areas of two different white smoke images from which
the background has been subtracted. Using this technique, we are able to
detect the thin white smoke present in the initial stages of an oil leak.

Our work will continue on technologies designed to improve the safety of
refinery operations.
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The fuels we produce include the automotive fuels of gasoline and diesel, as
well as commercial and industrial fuels such as kerosene and heavy oil. All are
formulated for maximum convenience and minimal harm to the environment.
We have long maintained our position as a leader in the fuel industry. You can
see this in our achievement of becoming the first Japanese company to offer
sulfur-free premium gasoline.

The requirements for fuel quality change with the times. In recent years, we've
adapted to meet new challenges by developing fuels that are compatible with
today’s more fuel efficient engine technologies, and products which help to
reduce CO2 emissions.

We are committed to research and development that will enable us to continue
to supply the market with high quality, eco-friendly fuels.

@ENEOSNAATHYUY

( ENEOS Premium Gasoline )
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ENEOS premium gasoline is an eco-friendly, high octane gasoline that is
sulfur-free*1 and offers outstanding detergency.

Our premium gasoline is formulated with detergents to help keep engines
clean.

Regular fill-ups with our premium gasoline will keep intake valves much freer of
deposits than with regular gasoline. Your car will accelerate better and also
produce lower levels of harmful emissions, which benefits the environment.

*1: "Sulfur-free" is defined as a sulfur content of less than 10 ppm.

ANDENTE

@PRGEHZS  ( Combustion Research )
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The Paris Agreement was adopted at the 21st Conference of the Parties, as part
of the fight against climate change.

Japan’s national target is to achieve a reduction in greenhouse gas (GHG)
emissions of 26% below FY 2013 levels by FY 2030.

It is projected that, still in 2030, more than 50% of vehicles will be equipped
with internal combustion engines. Improving the thermal efficiency of internal
combustion engines is critical to reducing greenhouse gases.

We're working to improve thermal efficiency through a combination of
innovative engine and fuel technologies.

*Technology for improving thermal efficiency based on low-temperature
combustion, which can help reduce cooling loss.
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High Performance Materials

High Performance Materials and Technologies
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Providing users with innovative solutions, with key technologies that include

carbon materials, highly heat-resistant materials, elastomer materials,
nanomaterials, and even biomaterials.
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Using technology to transform petroleum derivatives into new functional materials.

Functional Chemicals BREME = AL

@E ./ ¥—RF : BRI _H/KY (ENEHYDE®) ( Alicyclic Tetracarboxylic Dianhydride )

FATTFET I3 FEEEIC. FUL)1 /N—=/5 Weareputting ideas into action with R&D aimed at creation of new
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innovations.

@A LT« VEEEMHEF: AL T« VFEE(R ( Olefin Derivatives )

THERNSBSNZ T TP BOD—
BFERE2DEBICBRUET, TNS5DE
DFRF—=LTSVN—THEIN, AL T«
Y (CEBEEROERIEEY) L. K
RHTECHITONT, FLBRERZRRDR
BB ETD, HHTEF. InNsSEhb2E
ROPT, BHEROERICI>TRIES
NTWVDREELZRICDOVT, FIRRIL—R
M PREO L. £EMG LEDHDHTE
IoTVEFET., WEHBHLTIROTL SR
2RICIE. BEFEDOTII—I—HF—IAPR
BDITLEUTIRILSBWLWSNS EPDM I 4
DERITHBENB(IFUFV/ILIRILRY).
BTV T VT —DERBCREEERA
DERBEFITERTND SAS (A_RVv)
FTA—TFOXTAVIVILRUN) . BEHSZ
DY—=ZUNPF1—A VHLEFEDERERFITHN
5N% PIB (RUAVTFLY)., BEEIYS
HEEY A VREAIFZEELVTRLSNS G
BEENBFONET, Fle. INFTDIA
VHRZRAONEZENL. FEICTA VR
IR OREEICERJEATOETD,

@/ V% BRI+

The naphtha and a portion of the kerosene and gas
oil obtained through petroleum refining are
thermally decomposed in a steam cracker and
distilled to produce olefins with different carbon
numbers. These olefins are then used as raw
materials for an array of chemical products. In our
laboratories, we study a variety of functional
chemicals in an effort to develop new grades and
find ways to improve quality and productivity.
Among those we are working with currently are
ENB (Ethylidene Norbornene), a key ingredient of
EPDM rubber, which is used for automotive radiator
hoses; PIB (Polyisobutylene), which is used as a
sealant for double-glazed windows and as a base
for chewing gum; SAS (Specialty Aromatic Solvent),
which is used in capacitor oils and as a dye solvent
for carbonless copying paper; and hydrocarbon

HERAIY T Y— (HEHIC SAS ZfER)

Test Condenser (SAS Used in Insulating Oil)

(THI-DE) ( Alicyclic Epoxy (THI-DE) )

resins, which are used to make adhesives and high
performance tires. We're also working to develop
new additives for better tires based on our earlier
experiments in that field.
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Hydrocarbon Resin
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Epoxy resins based on an alicyclic skeleton are
chlorine free and have transparency, high heat
resistance, and other characteristics not found in
conventional epoxy resins. These high performance
materials are used primarily in electronics
manufacturing. We developed a new alicyclic epoxy
(THI-DE) by harnessing technology initially created
to manufacture ENB (5-ethylidene-2-norbornene).
We're developing compounds that will allow users
to create encapsulants that can be applied in
thinner films, have higher fill factors, and cure in
shorter times. In addition, the development of this
new epoxy has yielded epoxidation technology
that will be used to expand our line-up of

alicyclic epoxies moving forward

100,000

~=-THI-DE

- BRRE TR+

0 20 40 60 80 100
IR+ HIEROTHI-DE RN TR+~ DESE (Wt%)

NRIRF VEIERESIOME
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Reactivity during Cation Curing
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@D ¥ —FF  KERNYU ¥ — XYDAR®

Polyimide (PI) has excellent heat resistance, mechanical strength and chemical
stability. It is used extensively in the electronics and aerospace industries. But
because regular polyimide is colored (brown, yellow), it can't be used to
manufacture displays or for other applications that require a colorless material.
We've developed a novel monomer ‘CpODA’, which can be used to produce
transparent polyimides. We now market such a material under the name
ENEHYDE®.

CpODA-based-Pl is colorless, has excellent heat resistance, and shows a low
coefficient of thermal expansion (CTE). Transparent PI films could soon be used
to manufacture flexible displays, which can't be made using glass. What's more,
this research has yielded technology that we're using to expand our product
line of ENEHYDE® monomers.

HYDE® Ezﬁm’u?f«)bb

( XYDAR®LCP (Liquid Crystal Polymer) )
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* XYDAR® (&, Solvay Specialty Polymers USA, LLCDEEREIE C I
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XYDAR®LCP (liquid crystal polymer) is a super engineering plastic that shows
outstanding heat resistance, precision moldability, dimensional stability, and
mechanical properties. These properties make it an excellent material for
connectors and camera modules for smartphones. We're now developing new
grades with improved high precision moldability (for connectors), and that
show improved adhesion and produce less dust (for camera modules). And with
its low dissipation factor, LCP can be used to achieve lower levels of signal loss
in high speed transmission applications than is possible with conventional glass
epoxy substrates. We succeeded in developing a new LCP resin with a low
dissipation factor of 0.0007 (@ 10 GHz), which is just one-third of that of
conventional LCP. With the proliferation of 5G mobile networks and
next-generation connected cars, we expect these materials to find application
in flexible printed circuit boards and substrates for millimeter-wave radar
systems.

*XYDAR® is a registered trademark of Solvay Specialty Polymers USA, LLC.
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LCP Resin Pellet

@MU Y —BF : FiRBE(L 4 ( Highly Heat-resistant Thermosetting Resins )
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Highly Heat-resistant Thermosetting Resins

Thermosetting, epoxy-based resins are used extensively to make electronic and
automotive parts, and the need for materials with higher heat-resistance is only
getting stronger. We've responded, using our special epoxy resin and hardener
to develop thermosetting resins that combine high heat-resistance and ultra
low melt-viscosity.

They can be compounded 1000 ——]
with higher fill factors than is \ \ ‘ ;iﬂligg
possible with conventional 5100 —?';ﬂéﬁjﬁ“* I
thermosetting resin, which Z 0 =58
makes them a desirable =]
material for developing % 1 /
semiconductor encapsu-
lants, thermal interface 0.1
materials, electromagnetic 0 50 100 150 200
shielding, and adhesives. REE(C)

*ERAEE © ED T TIVBTIARFS -0 -V RSy OREREY

SR R

Viscosity Curve
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New Materials Development / Life Science FEMTNAR/ SATBALIVR

High-tech materials that are a feature of modern living, and chemistry that is shaping the future.

ESUICRT DFUDVEMZ, 1EZDEEEL THIFEL  We harness the power of chemistry to develop new materials that

[QAEE

@F /4TI

enhance modern life.

( Nanoimprinting for Advanced Materials )

FI/AVTUVNE. BV ORAEICT /A=A XOHMIESEE
RS 25T, MIBBSDIRICRUT, AR FIIEREZ

Re@alencExd,

SR TIE, HERSRMICKIMMBSDRELE. HSRERE
NOEEMEHC KD S /A Y TUVNEMOBEZTV. L—P—7
OV 179 —DREBICEATRERBIM R RIRDIRTTZREBUE U,

RECOFEMZINAL. FOVII9—0H 5T, EvT— B
BEENDRAN AT N2 EMZAL — U — FRIBAR O RF(CE W E A

TWET,

surfaces of substrates.

Nanoimprinting is a technology for forming nanometer-sized structures on the

A variety of optical properties can be realized by changing the shape of the

nanostructure.

substrate.

We recently launched high heat-resistant wave plates that can be used inside
laser projectors. It was developed by optical design technology to optimize the
fine structure, and nanoimprint technology with inorganic material on a glass

Currently, these technologies are being applied to development of High
heat-resistant diffusers that could be used not only for projectors, but also

sensors, lighting, and other applications.

HEtINF—>
Output Pattern

@1FEBHRA T YU—>T 4 )L ( Transparent Screen Films for Image Projection )

R L——F

B L— — B
High Heat-resistant Diffuser

F/nEEMEERL. SBETHURND
AOU—=2VDRIICREZRUEE ST )L L
DRFICHINUE Uz TAILAPICHHSE
TR FIC KW TU TP IRIRERARER M EF W
BEEZMEIIL. OYIIY3VIvEY T
FOEBBLHANVNCTRASN, I151=ZE
TVWET, SBRODTII VYA R—IREN
DRFEZBEL. SORDHAFEICIIEAT
W&,

Using our nano-dispersion technologies, we've
successfully developed transparent screen films for
image projection.

Special particles dispersed in the film enable both
crisp images and high transparency.

These films are being used in projection mapping
installations, and the feedback has been very
positive.

We're now working to develop the technology
further so that it could be applied to digital signage
for public spaces.

REFEIEIER S -2 LT ORELICLHEEXN=Z L

@A} ( Carbon Fiber Reinforced Plastics (CFRP) )

RRMHER{1E S AF v IR (CFRP) (&,
PRERflHME (CF) EXRUwOREEEEHED
BIEEESMEITY, BE. S8E. S8R
EVDBNIHERIREEZELCWVSIEN D,
EEIBFNORFENLI>TWVET, CF DM

BEEHEB T DIHDIRFVEEP Y 72—k
HIREDREF. JvEa—9—ERAUICESER
#7. 525THNT (CAE £fT) Sk CFRP &5
DRFEZEITO>TVET,

BERM TCHIERT S T7FANT7A /N —
# (NGF) i 8iE 9 20y F RE =R CF (3.
EBICESVAIEEHEBRE DI, TBRHEE
FUICKWTENHH TR, B HRET N
Uy Zfgpg by anE Tz CFRP (&, IT E
HAHFOLCDRSEBAOMR YN \VRDP T ¢
JWABSEERBERIVRYYO—2—(THAS
ncLEFEd,

Carbon fiber reinforced plastics (CFRP) are composite materials which consist of carbon fibers and matrix
resins. CFRPs are used extensively in many industries, due to their excellent mechanical properties which
include lightness, high strength and stiffness. We are engaged in research on high performance epoxy and
cyanate ester resin systems aimed at improving the mechanical properties of CFRPs. We are also developing
CFRP products using computer-aided engineering (CAE) techniques. Nippon Graphite Fiber Corporation
(NGF), our affiliated company, has developed pitch-based ultra-high modulus carbon fibers that have
exceptional rigidity. CFRPs manufactured by combining this high modulus carbon fiber with our high
performance resins are being used to make robot components and composite rollers used by manufactur-

ers in the IT industries.

&2
y &
A

SR : : |
HRat wimg =

REEAZAEBRBEAOR Y b
LCD Glass Plate Transfer Robot

@BEBEMEA T ( Functional Non-woven Fabric )
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Relationship between Specific Strength and Modulus

Transparent Screen Films for Front Projection
and Mechanism of Clear Image by the Screen

ORBT 4« AT UARBNET 1)UL ( Optical Films for Liquid Crystal Displays )

BRTAATUABAZTAILLER. KF
SRETIANT. AEBERLEIN. RBEOEiZES
AUT. StdmBICRREUICREERY—
ZRHEBSERARETAIVLLTT, IPS
(In-Plane Switching) AXD&EET« ATl
ABIFD NV TA)LAIF. ERRED TFETA
JWABICEBICEANETAVLT, BRBT A
A1 DRBEFFEENEL. AN—~T7
VERFUSHETBDE/NA IS OBERICER
TNCTLET,

These optical films for liquid crystal displays (LCDs)
are based on unique and specially aligned liquid
crystalline polymers. They were developed by
leveraging our optical design, precision coating
and advanced liquid crystal alignment technolo-
gies.

Our NV film, in which the liquid crystalline
molecules take on a vertical alignment perpendicu-
lar to the film substrate, serves to improve the
image quality of IPS (In-Plane Switching) LCDs, such
as those used in smart phones and other mobile
devices.

NMH

IPS-LCDOREF MK
(ENVI«ILLTEU.
BINVI«ILLSBD,

M Uik R FOECE)

Improvement of Viewing Angle of
IPS-LCDs(Left:without NV, Right:with NV and
Alignment of Liquid Crystalline Polymers)

SHIRERMZEAL. SORSHAEN tZENE U SR Em

DOFFEICEIEATNE T,
ENEOCST /X FTUZIL (#8) T

FARZER U, MR

SNTVET,

MENEIRFEZITOCWVBESA U &
HEAEL., IOMEHIEEERLZS14T MF PL—'—BER
200~400nm DT/ IT7A N—F %,
NS EMIEEBERREV PEIMRE D 1LY —EDERNHARF

We're using proprietary technology to develop non-woven fabrics with

enhanced functional properties.

{RHE, 1EHE

Function, performance

F )77 4 Nl

Nanofiber non-woven

=54 IMF
Milife MF
=347
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Fiber Diameter

Using Milife® technology from ENEOS Techno Materials, we're working on
nanofiber non-wovens using fibers of 200-400 nm in diameter, which were
created using laser supersonic stretching technology.

These non-woven fabrics could be used to produce sound damping material for
automobiles and high-performance air filters.

ARSI EY 749EI7/ 4/\—T¥ﬁﬁ(:547M F)

Oriented Microfiber Non-woven (Milife MF)

OFHELEEICKDHOT /A ROLEE ( Production of Carotenoids by Fermentation )

AOTF /A REF FRPREFICSEN
3. & 18 REFOBREDMEINC. BF
EUTORARIF TR BPAPELAD
TR ZERFDESN. TOKREDHADH
FEINTVET, BHRHIETVRIFTUTFUE
BLBHAOT /A R2EET MEYZRE
[CHER - RU. AOT /A FOFRBEEER
MERFELTVET, TOWMRELT, &HjE
Yo emF oo 0ERiRImNsY . 3—
Ov/NNZPLICHERSETHAINTLEE
T, Fleo BRBRFME U CKETY—
T4 VTEEETOCHY .. SHBROERLIGHA
BNEHUCOWSFETT,

Carotenoids are pigments responsible for the
yellow, orange, and red hues of many fruits and
vegetables. Not only can carotenoids be used as
colorings, they've also been found to have health
benefits that include preventive effects against
cancer and aging.

We're developing carotenoid fermentation
technology based on isolation and breeding of
microorganisms that produce a variety of
carotenoids, including astaxanthin. One product of
this research is a feed additive used to improve the
color of farm raised salmon in aquaculture
operations in Europe and other parts of the world.
In addition, we have sought approval to begin sales
of carotenoids as a health food ingredient in the
United States, and are working to expand the range
of other applications.

HOF /4 REER

Carotenoids-Producing Microorganisms

5L iTEiE

5L Jar Fermenters
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Energy-saving Lubricants BIRILF—EE

The Ultimate in Friction-reducing Performance

BMEBTER U/CEE B HDWFHAE{ToTLET,

@EMETI Il ( Fuel-efficient Engine Oils )

We're engaged in research and development of lubricants designed to
maximize fuel economy.

W, BFEORERHINEBUIFE O TV, N\ TUYREP
BREHEOEMICINZT. #ERIMSDIVIVECSVWTEI DY
YA IVTI—IREDREL LEMABAINTVET., ITVIVH
[CBWVNTIE. BFRETH D ILSAC GF-6/API SP B KU JASO
GLV-1 TlF. BMBLEDELSE EAKI—ERHSN. Low
Speed Pre-Ignition (LSPI) &IEFN2EBEMREDRLIEEYF T—
BREBLEEREFUVVIVIVUEMICH T 2EEGEDNESHE>T
W&Ed,

[ENEOS X PRIME] &, RFEEOEKIMEEZZET D, H1thH
BRUCHEMEGEU IV Y VT A IV T, SRR R SHIRE
RUR—DESICIIEEDRBEXKFEHZERLL, ISICEUTTY
(Mo) ZRAMBEITIVY VEREDERZERIDET. HH50D
BEEHFICSVTERESEN T LLET, T, oS4 IVT
S —RTHEF IS LSPI OIMFHICHBEBFFINEE Mo RAIIEIDEE
ZEELFEIH. HOMEFIEIZRNSTET LSPI OiFlE Mo %
TR KB ERIE R RES VLA TEIILE U, SSICEAR
BHEDOEECHNAT. ERTORSPIREZEFBL. OO
EHERLTVET . [ENEOS X PRIME] [FBIBICBLWLEIFTRRL,
EBRBEUEERCTED [# - KBTSV LI VI VA AI] TY,

In recent years, regulations on automobile fuel efficiency have been strengthened.
While hybrid and electric vehicles are on the rise, new technologies such as
downsizing turbo have also been introduced to improve fuel efficiency of
conventional engine vehicles. The latest standards for gasoline engine oils,
ILSAC GF-6 / API SP and JASO GLV-1, require engine oils to further improve fuel
efficiency by themselves and at the same time to have compatibility with the
new engine technologies, e.g., prevention of abnormal combustion called Low
Speed Pre-Ignition (LSPI) and chain wear resistance.

"ENEOS X PRIME" is an engine oil with performances that exceed the latest
gasoline engine oil standards. Fuel efficiency is improved under any operating
conditions by our original polymer and additive technologies. Combination of
our original polymer and high-performance base oil reduces temperature
dependence of viscosity and our additive technology to utilize molybdenum
(Mo) -additives reduce engine friction. Additives required to prevent LSPI which
frequently occurs in downsizing turbo inhibit friction reduction by Mo additive.
However, our unique additives achieved a high level of both the prevention of
LSPI and friction reduction by Mo-based additives. Furthermore, it makes
drivers more comfortable by reducing noise and vibration inside the vehicle.
"ENEOS X PRIME" is "new experience premium engine oil", which is not only
eco-friendly but also allows drivers to experience the joy of driving.

@BMEERENRIA ( Fuel-efficient Transmission Oils )

BEEEICHVTI VY VDREEEEYR
EEREENVD(CRIRU CRRENRICTET D
DHEREIRTHY. ZDORBICAVLSNZDN
EXERMTY,

TUYVHERKI BRI B CHERE DR
KAMELTHY, ZHTIE 100% GRUHEER
UfcEm& s, R, IhRMICENSREMAE
FAERE) oM [ENEOS X PRIME AT FLUID]
[ENEOS X PRIME CVT FLUID] Z@E &1t L.
EEEOEMRE(LICEMUTVET,
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BENEDERE L DELEIFFUIKLECH,
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EERUCEE R hEmORRTED CLEXT,

In an automobile, the power produced by the
engine is conveyed to the drive wheels via the
drivetrain, which is lubricated with special
drivetrain oils.

As we've seen with engine oils, demand for
fuel-saving drivetrain oils is on the rise. We
responded by developing ENEOS X PRIME AT FLUID
and ENEOS X PRIME CVT FLUID for passenger cars
using 100% synthetic base oil. ENEOS X PRIME
drivetrain lubricants are available today, and
helping cars use less fuel, run quieter, and
accelerate quicker.

Drivetrain lubricants for large vehicles will be used
in harsher conditions, and must provide high
protection against wear in addition to fuel-saving
properties. Through extensive research, we've
developed technology that supports high power
transmission efficiency and protects drivetrain
components by forming thicker oil films even in
severe conditions. This technology was used to
develop Gear Grand DX GL-5, a gear oil for larger
vehicles that provides an excellent balance of
fuel-saving and anti-wear performance.

Demand for higher fuel efficiency in automobiles is
strong now, and will likely get stronger due to the
importance of fighting climate change. We're
committed to the goal of building a sustainable
society, and will continue with efforts to develop
greener drivetrain lubricants.
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@& I RBIBEHEEEH ( Energy-saving Lubricants for Machinery )

TIBETHERASNEHODDHMZE. AL—
A DIEHICIEEIS BB (Ch. BRMIE
EEULTVERT,

HEFIF RFn, BEb BT SHBEE
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WK, RIEZEARCERUCRSHY —
B2l ERENDHIEN TGS TmE
EEhl. WRBEEDMERDIFEZRIRIT S
BEEHE HfOTEBBZEEREL. B
DKWKREELXR" OEERGZEZATVET,

Lubricants are used in all types of factory machinery
to ensure smooth and proper operation.

Demand is growing for lubricants that provide
longer life and enable higher efficiency, higher
precision and reduced energy use. At the
Lubricants Research Laboratory,

researchers draw on years of collective expertise
and employ advanced technologies to develop
next generation lubricants that offer longer service
and greater friction-reducing performance.

These include longer-life turbine oils, energy-saving
hydraulic fluids and high performance slideway oils.
Our products provide solutions for Japan’s
manufacturing sector.

EIRESHEFEIRDMER S NTUL\SHERER

Hydraulic Equipment which Energy-Saving Hydraulic Fluids is Used for

R BB R D=0 MDFERSAEE Tests Using Actual Vehicles for Lubricating Oil Development
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Our lab houses four pieces of equipment with
which we can simulate on-road driving. On each,
the car’s drive wheels are positioned atop
spinning rollers. We can recreate the conditions
of driving on flat roads or on ascending or
descending slopes. In addition, we can do
environmental simulations for the following
conditions.

Test vehicles: passenger cars from mini (“kei”) up
to 3L class, and trucks up to 2t

Test temperatures: -40 °C to +50 °C

Humidity: 30% to 80%

All tasks including maintenance of the test
vehicles is performed by licensed mechanics, and
we evaluate the fuel-saving performance of our
prototype lubricants using actual vehicles.

Y=Y YA FELTORBRES

Landscape on the Chassis Dynamometer Test
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Eco-friendly Lubricants QSRS EN=

Developing safer, “greener” lubricants.

RIFICSZ DB DI\ VBB m DI ICE A T
REP

@RIBACERY T L Al ( Eco-friendly Cold Forming Oils )

We’re working to develop lubricants that cause less harm to the
environment.

TEBICHENATERSE, EROBRICHE T BT ZETL AN
TEFUET, FURANTORIGRICE. BEE, BFIRITI—P
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Cold forming is a manufacturing process in which metal is shaped by force.
Products made by cold forming include beverage cans, electronic connectors,
automotive parts, and many other items we use every day. In such operations,
lubricating oils applied to the dies and work pieces reduce friction and help
prevent damage to the work. These cold forming oils have traditionally been
formulated with organo-chlorine compounds such as chlorinated paraffin due
to their superior lubricating performance. However, environmental and safety
concerns have prompted many users to replace these chlorine-containing oils
with chlorine-free oils. We've offered chlorine-free cold forming oils for over 20
years, and recently released RELIAPRESS RC150, which has been shown to
perform as well as chlorine-containing oils. With RELIAPRESS RC150, many more
workpieces can be processed without galling compared to what is possible with
conventional chlorine-free oils. Moving forward, we will continue working to
develop cold forming oils with even greater performance.
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@B I >/ ( Marine Diesel Engine Oils )

The Number of Products without Galling in Actual Process
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Marine diesel engines run on heavy fuel oil with a high
sulfur content. This means that lubricants for marine
diesel engine must be able to neutralize sulfuric acid
and provide excellent detergency.

We are developing marine diesel engine oils for
various types of engines, to keep ships up and
running.

In recent years, efforts are being made to make the
shipping industry greener by reducing the amounts of
NOx, SOx and CO2 emitted by marine diesel engines.
We are engaged in development of marine diesel
engine oils that are compatible with technologies
used to reduce NOx and SOx emissions, and
fuel-saving marine diesel engine oils that help reduce
CO2 emissions.

Rl > h—
HEEE 312,181 b, #BEIHA 1 23,620kW

Crude oil tanker
Deadweight capacity: 312,181tons
engine power: 23,620kW
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( Eco-friendly, High-efficiency Lubricating Greases )
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Greases (or semi-solid lubricants) are used to
lubricate automotive and other machine parts. But
unlike engine oils, which are changed regularly, the
greases packed in the bearings of an automobile's
electrical accessories (e.g. starters, alternators) will
be used for prolonged periods without replace-
ment.

Answering the call for products that help conserve
energy and resources, we developed TOUGHLIX
GREASE MP2, a novel grease that can be used in a
variety of industrial equipment and reduce power
consumption. Formulated with a lithium complex
as a thickener, TOUGHLIX GREASE MP2 features the
latest technology in terms of base oils and
additives.

TOUGHLIX GREASE MP2 helps bearings run cooler
and protects machinery from damage, and even to
lighten the maintenance workload. It provides long
life so it can be replenished less often, which
translates to lighter maintenance work and reduced
impact on the environment.

What's more, thanks to its outstanding extreme
pressure properties, water resistance, heat
resistance and tenacity, TOUGHLIX GREASE MP2
can handle a much wider variety of usage
conditions.
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@ERRRE LEX RS o5 BB H  ( Refrigeration oil for global warming mitigation )

AREHE. AREERIECERZAP
TI7AVPAEEFIERSNDEBHT

T o mRRICIEIRIREBITEOME (1BEM1)
PHRETY, HIBRBILFHLEDE=NS
KURERICPTLLAEE R32 A I7IVIC
ERTNTVEYT, 1EROAREHF R32 &
BBUICKVWEWSRENBIERT, Httld,
ZORBEZZRRULCH S EEHZREFEL.
RIBICPSLVLAEOERICEMUTVWEY,

Refrigeration oils are lubricants designed for use in
air-conditioners and refrigerators. These systems
cool air by circulating a chemical called a refrigerant.
Amid growing concern over global warming,
manufacturers are developing systems designed to
use more eco-friendly refrigerants, such as R32. The
problem was that the conventional refrigeration
oils possessed poor miscibility with R32. Through
extensive research, ENEOS overcame this problem
by developing a new refrigeration oil which enable
widespread use of eco-friendly refrigerants.

R{TH
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BEFEH
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Miscibility Tests for Refrigeration Qils with R32

TR R D= DM Physical-properties Evaluation for Lubricating Oil Development
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The testing of physical properties is critical to
lubricant development and management.

One of the most important properties of a
lubricant is kinematic viscosity. If it is too low,
the oil film will be too thin, which can lead to
damage to the equipment. On the other hand,
a kinematic viscosity that is too high causes
added resistance that will affect the energy-
saving performance of the lubricant. This is one
reason why physical properties testing is
critical when developing eco-friendly
lubricants

We also test used oils. This yields data that is
used to assist customers with their lubricant
management, and helps them determine when
lubricants should be replaced.

EHEDAIE

Kinetic Viscometer
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The goal of a low-carbon economy

Renewable Energy Utilization / Hydrogen-based Society (Q=EueSili:Vg e xaw=

@B&EORETI RILF—HFDKZFE ( Hydrogen Produced from Renewable Energy )
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BIEEEE R EEIEUERFHEDERHNEIZFF1 T Pursuing the promise of a low-carbon economy that has less impact on
WET, the environment.

To realize a truly low-carbon economy will require using hydrogen derived
from renewable energy. However, renewable energy has certain drawbacks,
such as fluctuating output, mismatches between supply and demand, and
differences in its viability around the world. These factors make it imperative
that researchers develop technologies for converting renewable energy to
hydrogen or hydrogen carriers, plus technologies for hydrogen storage and
transport.

We're developing electrochemical reduction technology that will enable direct
conversion of renewable energy from wind and solar facilities into a hydrogen
carrier called methylcyclohexane (MCH). The traditional scheme for MCH
production using renewable energy is a two-step process: hydrogen is
produced via electrolysis of water, then the hydrogen is used for the hydroge-
nation of toluene. By contrast, the new electrochemical reduction technology
makes it possible to carry out the electrolysis and hydrogenation simultane-
ously. We're modifying existing methods of hydrogen production to create
technology that will greater utilization of renewable energy, which will get us
closer to the goal of an eco-friendly and sustainable hydrogen-based economy.

@KZFA VT SOEBELEBETRBET RILF—DFIA ( Construction of Hydrogen Infrastructure & Utilization of Renewable Energy )
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KFRF, HLB—RIRILF—ENSIED

In any discussion of energy, it is critical to consider the concept of "S+3E". The “S” stands for "Safety", which
must always be top priority. Meanwhile, the three “E”s are "Energy security”, which is about ensuring supply;
"Economic efficiency", which is achieved by keeping costs down; and "Environmental protection”. For Japan,
energy security is a critical issue, due to the fact that Japan gets most of its energy resources from overseas.
By shifting to a hydrogen-based economy, we could go a long way toward achieving these objectives.
Hydrogen can be produced not only from fossil fuels, but from a variety of sources including renewable
energy. As such, greater use of hydrogen would help improve energy security. Furthermore, no CO2 is
produced at the consumption stage, such as when hydrogen is used to power a fuel cell. Hydrogen could
play a big role in efforts to build a low-carbon economy, and in some ways might be the perfect energy
source.

Fuel cell vehicles (FCV), which run on hydrogen, hold great promise as a tool for reducing CO2 emissions
from the transportation sector. We are developing the technologies necessary to build a reliable hydrogen
supply chain, from hydrogen production, storage and transport technologies, all the way up to hydrogen
refueling stations (HRS). These technologies will help make it possible to ensure a consistent supply of
hydrogen for FCVs and get us closer to the goal of a hydrogen-based society.
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TENTEBDT. ITRILE—tE1UTFAD Our current focus is on reducing the cost of hydrogen energy to the consumer, aimed at encouraging wider I\}ny%%ﬁ1t$W‘J'c
=y @ = _ adoption. We're now working on compact, self-contained “package” hydrogen stations that could help cut
[ LCERMUSSEEAET. e, IF construction costs, Improvement of hydrogen filling technologies, and even a centralized monitoring EE7K§1B
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system which could one day make the self-service HRS a reality.
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Hydrogen Supply Chain
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Schematic of Electrochemical Reduction of Toluene

ONAFTY /—ILEETOER

( Bioethanol Production Process )
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Biomass fuels have received much attention
recently due to their potential to enable reduction
of carbon dioxide emissions and diversification of
our primary energy sources. We've developed an
integrated process for producing ethanol from
cellulosic biomass so as to avoid putting pressure
on food prices. Our manufacturing process, based
on simultaneous saccharification and fermentation
(SSF), converts biomass efficiently into ethanol and

BRETOME. S5ICFFEROEILTEICD . Ja’y BIeH. [k, BRIOFBIBICKEZSZ DT represents the first successful example of v
O BB T ADOBERICEHEYJHEA TV [ % ENEOS *ﬁl:‘-—ya | ENNFRZEINTVET, continuous production of cellulosic ethanol =‘. .5
I TN e A 5 _ wy anywhere in the world. We're currently working on o : 34

&9, | \\%L—Cﬁﬂt‘?m SERITZID. FEH ways of using saccharification enzymes more ’. t:., a.i
NAARAZRREVCRIVO—ZRTY /— effectively and scaling up the process, with an eye =:‘.: f.
IVAYROSNTNET, BETEIF. FERID  toward commercialization. v
DEtE EFDRMMETE. REZERICK L
ORI DRE(ETIR. BoN/HEZTY /—

KFRAT—3aYy

Hydrogen Refueling Station
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Ethanol Production from Biomass Based on Biochemical Conversion
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Simulation Technologies & Data Analysis

YZab—y3av/F—I@m

Using simulation technologies to deliver solutions.

SZ gL —a3 P T — S EENE L TS EEEEERE A We tackle problems using advanced simulations and data analysis.

[CERUAEA TLE T

@Y= a2 L— 3 ViFiidD;ER ( Putting Simulation Technology to Work )

IVE1—9—y=2a2U—Y3VDiERG. RER (TT70HER)
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[CHHEANTVET . BERSDT VI ILDEFICHIF DS TImTI;M
ZEEOREFRRICEALY Y1 —YaV ERELTOET,

Computer simulations help us find solutions not only to issues that come up in
R&D, but also to those that affect refinery operations. We're complementing
our arsenal of computational fluid dynamics (CFD) and molecular simulations
with an additional focus on data analysis techniques based on machine
learning, image analysis, and other concepts. We put state-of-the-art digital
technologies to work in solving real issues on the ground.
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Our Arsenal of Simulation Technologies

@#HAI =1L — 3 ( Computational Fluid Dynamics (CFD) )
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Using computational fluid dynamics (CFD), we can simulate experiments on the
computer by calculating fluid flow and heat transfer.

We're developing our own CFD simulations by using experimental data on
reaction rates, reaction degradation, and heat transfer characteristics to create
computer models. This allows us to perform realistic simulations based on
actual operating conditions, something not possible with general purpose
software. These efforts help make our refineries more competitive by, for
example, offering ideas for designing and improving refinery equipment, and
for optimizing operations.

AVE1—5—TORBRBDERZ T 1 — FINy I L.
KDMEDRUVEKE - HIRDRFAEZZE

o ‘. :_-._:.. .

at

N &

Y (ERWBE)

CFD =&AL REEITIE

Particle Diameter
1.0E-04

1.0E-05

JVE1—5— ETOEERKER

Proposal-type Technical Support of Reactor Design Via CFD Simulation

Simulated Experiments on the Computer

@D FV=a2L—232 ( Molecular Calculation )
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When it comes to R&D on fuels, catalysts, lubricants,
high-performance materials and other areas
concerning energy and materials, it's important to
understand the properties of materials and how it is
that they function. These things can be learned
using molecular-level simulations. These methods
enable quantitative analysis of the physical
properties, reactivity, and interactive properties of
molecules or solids. By getting down to the micro
level to reveal the nature and motion of different
molecules, we can give researchers a deeper
understanding of relevant phenomena and
propose new design guidelines to speed the pace

ERIFROINECEmMLTWVET,

of our R&D efforts.

@F—S T ( Data Analysis )
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Interaction Between Molecule and Solid Surface

S, BMFBrPERENSE
DT — I KIMDAERIGER
FUL BRLBBDECTOIERNE
ATWVET, JHICHNVTE.
BB T —9 DREI(C KD EER
REEY. BRBBICLDIESR
A AT LOBEFICHRIEA
TLFET,

SEROBRMBMOESZED.
BT SSAFI—V2EOHRS
DB PHERAEDINRICES
TEDRIMZRFELCVERT,

There have been major develop-
ments in data analysis such as
machine learning and image analysis
in recent years, and it is being utilized
in a growing number of fields. We're
using machine learning to optimize
operations working from plant data,
and using image recognition to build
anomaly detection systems.

We will continue to acquire the latest
technologies and develop new ones
that could boost the competiveness
of our entire supply chain and see
that our R&D efforts yield quicker
results.

@tearn  Pandas
I'dl'll \
python’ 9 M
ANACONDA
s 0
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v TensorFlow

BHFE - BRETORITRIEES1ISY

Execution Environment & Library for Machine Learning and Image Analysis

SELBMTDOI=0DIT 1 27 5% Developing an IT Infrastructure for High-level Analysis
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Running advanced simulations
requires enormous amounts of
computation, so it's essential that
we have the right tools for the job.
Using the latest software and
supercomputers that can process
data at lightning speeds, we can
reach quicker resolutions to
complex problems.

A—/\—3JVE1—%5—

Supercomputers
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Basic Technologies

Basic technologies, the backbone of research and development.

I BIAHEEDIZ8DIC, BEEFLMIDIZILICE A TLIE T

R&D.

Increased focus on basic technologies helps to further our efforts in

%*ﬂrﬁﬂ%ﬂ) f:&b@%ﬂ}ﬁ}lﬂﬁ; Determining Fuel Compositions for Fuel Research

AVUY - A THB RUEBHZEDRE .
HE~-BTEORIEKRDEEY T,
INS5OH(CFE,. EEORVLAD. B)
MANHUET, Fio. BERERICER
B REENRVES. BURSELS
FNTWVET, Lich > TREIDREEH
IR T BIesh(ClE. ZDHERZESEMIC
TETBENMNETT, HttlE [TNEF
TESTE/ON\D] & [RFTORATEE
filr] ZERET DT ET. ARIOFHBRHER
EEZTREE LE Uz,

AR IR BAFE D 7= 8 DMl

ABIEEDEHDREIFDHEASADT
&L EERETO R AMESHK LR
AR DBIFEIC B W\ THRUE DR EFRATH K
HONFT, TDfcsh. BERD T
EHEEBRICR DR DD ZTO>TVET,

—RICEAMIEELTE. EEEEE
SRR CHDIEECEFFUCAEI AL
SNTVET, MRICSENDEEERE
HEREDEYU DR - B4 X(TF>TL\DHh
ZEFBEMECHELTLET, Fk.
HERDE X @OHT. FEEEODESHE
EEELL. IEDEEENBRFINT
WBHZHIBTLTWVWE T, THICXIRDO
T CHEDBERETZTL)., SRS
ERUEZANTVNET, Fic. TEMEF
TlFRELUCMENZ<BALLNZTEN
5. EMEEMEFR LOET(CEFEN
TLVRNDZERETDCENEEERIFE
9. ZIT. EUHESEODHREYRE
NEZBFHENAIJO7 FSAF—TH
HLUTWET, TNSDOATHSESNIE
F—IERENICHRTT DI EICKY., i
BRERICHITREERREZEEBDIEN
TEFT,

Fuels such as gasoline, kerosene and
diesel fuel consist of anywhere from
several hundred to several thousand
hydrocarbon compounds. Some of
these compounds have better combus-
tion properties than others. Also,
stability is critical when the fuel is
stored, and some compounds are more
stable than others. Therefore, It is
therefore necessary to conduct a
detailed analysis of each fuel to
determine its composition, in order to
properly understand its performance
properties. By using the know-how
honed through years of research and
the latest measurement technology, we
are now able to analyze fuels in greater
detail.

MO 2 R HA IO
(GC XGC method)

One Example of Composition Analysis of Diesel Fuel

Analytic Techniques Used in Catalyst Development

In the process of catalyst development, we
analyze catalysts using a variety of sophisticated
analytic techniques and equipment. We develop a
variety of catalysts for petroleum refining
processes and petrochemical manufacturing. In
each case, structural analysis of the catalysts is an
important part of catalyst development.

A typical solid catalyst consists of an active metal
deposited on a support material. Using an electron
microscope, the catalyst is examined to determine
whether the active metal on the support meets the
design specifications in terms of particle shape and
size. We also examine the catalyst by wavelength-
dispersive X-ray spectrometry to quantify the
amount of active metal it contains, to determine
whether the prescribed amount of metal is
deposited on the support. In addition, we perform
structural analysis of the catalyst using X-ray
diffraction, to study the crystalline structures and
the degree of crystallinity. Many industrial catalysts
are shaped catalysts, and for these it is particularly
important to understand just where the active
metals are deposited on the support. To do this,
we use an electron probe micro-analyzer to study
the state of distribution of the active metal and its
concentration gradient. Finally, comprehensive
analysis of the data gathered via these analytic
methods gives us the indices that are so critical to
the process of catalyst development

FEBERETEME (T EM)

Transmission Electron Microscopy

BFIRN/o07F 5145 — (EPMA)

Electron Probe Micro Analyzer

%}f%ﬁﬁﬂﬁﬁ%@ f:&)@i’%ﬁﬁ*ﬁ Surface Analysis for New Material Development
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The quality control and performance
evaluation of materials relies heavily on surface
analysis by electron microscopy.The
compositions and physical properties of
materials vary greatly depending on optical
films etc.

Optical films and other materials will have
completely different compositions and physical
properties, depending on the intended
application.

The surface properties that affect a material's
performance are studied by electron
microscopy. Before this can be done, the
material requires specific types of
pretreatment.

Determining the best type of treatment for
each material leads to more accurate analysis
techniques, which thus contributes to
development of higher performance materials.

umA—5—05Hh

Pretreatment to the Micrometre Level

© REREL - REEEADEW#HHM ( Quality Assurance and Quality Control )
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We rely on a quality management system
developed in refence to the ISO/IEC17025 standard
(General requirements for the competence of
testing and calibration laboratories).

Quality Manual (instituted 12/28/2017)
Fundamental to this system is the proper
implementation of a quality manual. Members of
our Testing and Analysis Group are well-versed in
this quality manual and see that the practices
described are carried out properly. Meanwhile, they
constantly review day to day operations, and make
use of the PDCA cycle and are given the autonomy
to implement better ways of doing things so we
can continue to elevate the quality of our services.
What's more, we run a technical certification
program aimed at helping Group members to
maintain and build their skills in testing and
analysis. Through a rigorous system of qualification
testing, we regularly check the competence of
those who would carry out the tests in our
laboratories, and only those who pass are allowed
to perform testing and analysis.

All this is done to ensure that the Testing and
Analysis Group can continue to deliver highly
reliable test results to our clients and for purposes
of research and development.
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Service to Society & Collaboration with Academic Institutions

HEEH - EFEE

Finding ways to benefit society

Mg - HEEEEL, HRICEM T SHATTEGHELFET,

@Ht=EmlEE) - ENEOS FEBRIFEZZE ( ENEOS Science for Kids )

Partnering with the community, making a difference in society.
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We have coordinated the ENEOS Science for Kids
program since January 2005. Under the program,
we organize events on a regular basis at area
elementary schools, with activities designed to let
kids experience the fun of science and to increase
awareness of our company’s efforts to address
environmental issues. The experiments involve four
fields of technology, namely fuels, lubricants,
petrochemicals, and hydrogen, and are designed
such that they can be conducted by the children
themselves.

We've received positive feedback from children
who have participated. Many said they had enjoyed
the experiments and become more interested in
science, while others said they learned that ENEOS
is working on new energy technologies.

ENEOS FEHRIFEH=E
ENEOS Science for Kids
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@OHtERlESE) : ;AIBEE) ( Clean-up Activities )

SMFEFATIE. AR CTHRERUEBICEWUBEATOET, 5
PO EREENDETD—DTY, REENBARHZFIAL. W
ADHES LFUMERAEDERZF2ORBLCNET, INHS5H
MEHAREDIZT2I Ty —YaVZERYICURNS, REREE =R
TEBKIIC, MHELTERBLTVEETT,

We at CTRL are committed to activities aimed at benefitting society. One
example is our clean-up efforts in the surrounding area. Twice a year, our
personnel take time out of their lunch break to pick up trash along the sidewalk
in front of CTRL and in a nearby city park. Moving forward, we will work to
foster the ties we have built with the community and do our part to make it
better.
o T ; :
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@FHFMIREEE) : ENEOS DFx ( ENEOS no Mori Activities )
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Participants
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With our "ENEOS no Mori" initiative, We support the stewardship of
unmanaged forest lands through partnerships with local governments
and the National Land Afforestation Promotion Organization. Employees
of CTRL, together with their families, help with the work of thinning forests
and pruning trees in the Yadoriki Forest (Kanagawa), and take part in other
activities designed to put them in closer touch with nature.

TEOET

Forest Thinning

@FEZEHEE ( Collaboration with Academic Institutions )
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(PRBEXZLERERER)
Waseda University's Research Innovation Center,
home of the ENEOS Lab (Photo provided by Waseda University)

ENEOS is engaged in joint research in basic and applied science with numerous
universities and research institutions. Through these collaborations, we are
creating new fields of inquiry, improving fundamental technologies, and
furthering development of new products.

A forward-thinking example is our effort to foster cooperation between
different organizations. We follow an organization-to-organization model for
industry-academia collaboration, with our company and the universities sharing
ideas on future societal needs. Together we pursue research starting at a basic
level with an eye to societal implementation down the road. Some key
examples include the following.

Together with Waseda University, we have stepped up efforts to discover and
develop the "seeds" of new technologies in materials science and other fields. In
2019, we launched a comprehensive coordination initiative aimed at tackling
decarbonization and other societal challenges, based on an interdisciplinary
approach and the principles of open innovation. Working out of the ENEOS Lab
established on the university campus, we've built an industry-academic
partnership to further research and development aimed at decarbonization of
the economy and are developing human resources so as to promote closer
collaboration.

We're also building on the collaborative relationship with the Tokyo Institute of
Technology that grew out of joint development of liquid crystal polymers and
other high performance materials. In 2019, the university, ENEOS, and electronic
device maker LG Japan Lab joined forces to establish the "Smart Materials &
Devices Collaborative Research Programs". Working from a collaborative
framework that transcends the limits of conventional industrial-academic
partnerships and even national borders, we're working toward the swift
implementation of knowledge gained through research for the benefit of
society. The specific objective is development of functional materials and
electronic devices that could be instrumental in meeting the challenges of
energy conservation and aging populations.
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(BBA0334)

(BF344)

(BBF035%)
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(BBF0404F)

(B804 24)
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(BBF047 %)

(BBF0524)

(BBAIS54)

(BBF0604)

(FRI3E)

(FRm4%E)

(FR5%)

(FRL104)

BAGH 8l

Nippon Qil Company was established.

NBUEIE Bl (KIET4F \B5M)

Ogura Oil Shop was established; it was renamed Ogura Qil
Company in 1925.

ARIEZE BITL  (BBF0 4% BARIEZR)

Kuhara Mining was established: it was renamed Nippon
Mining Corporation in 1929.

BAGH. (EF2MEMZHIBICRE

(RIE104F HBRPTICCEME. BB 14F BEICBE)
Nippon Oil founded its laboratory at Kashiwazaki.
—=40m 8l

Mitrsubishi Oil Company was established.

RAEBL B (BF16F HEELMH)

Toyo Shoko was established; it was renamed Koa Oil
Company in 1941,

NBEH. MARZHEEICRKRE

Ogura Oil founded its laboratory at Yokohama.

REMB T RIS (FRTE R/R)
Toa Nenryo Kogyo was established; the company was
renamed Tonen in 1989.

RERBI IR, HAMZBKICRE

Toa Nenryo Kogyo founded its laboratory at Shimizu.
BAaGm. \athzs .
NGO R T ZE A 72 B R SRR (C o
Nippon Oil merged with Ogura Oil, getting Ogura's
laboratory as its central research laboratory.
—=0M. MRBZRE

Mitsubishi Oil founded its research department.
BAGM. o R 5 & R b 5T AT (C ol
Nippon QOil reconfigured its laboratory as Central Technical
Research Laboratory.

BALE., SUARBRMZRE

Nippon Mining founded its testing laboratory at Karasuyama.
BAGHER Bl (FR11E BE=FR)
Nippon Petroleum Refining was established.

HAGHBER Bl (FR14E HEHADHIER)
Nippon Petrochemicals was established.

CXSILEM Bl

General Sekiyu was established.

BALE. SWHABRMZFHICBEL.
hRERATICKE  (BFA39FE PRIFFTATICHAE)
Nippon Mining relocated its Karasuyama Testing Laboratory
to Toda, and reconfigured it as Central Testing Laboratory,
which was renamed Central Research Laboratory in 1964.
PARAESY: I =1 AV

Kyushu Oil was established.

BAGH., PR ZIIIECEER

Nippon Qil relocated its Central Technical Research
Laboratory to Kawasaki.

REMB IR, HRMZLBEICBEL.
SRR SR (C e e

Toa Nenryo Kogyo relocated its laboratory to Kamifukuoka,
and reconfigured it as Central Research Laboratory.

HEGEM B
Kyodo Oil Company was established.
HEL®. NIHRFAZRE (BEF053F stz (i)

Nippon Petrochemicals founded its manufacturing laboratory;

it was renamed Resin Laboratory in 1988.

BSEM Bl

Kashima Oil Company was established.

BAGH., PREMmRAZAICEER

Nippon Qil relocated its laboratory to Honmoku.

BIE M. KRAFRFTZRE

Koa Oil founded its laboratory at Osaka.

=E0M. MRBEZHRAICE

Mitsubishi Qil reconfigured its research department as
Research Laboratory.

ESOMm. MRmMZRE

Kashima Oil founded its laboratory.

REBMH TR, PRARMZMLETFRATICTHE

Toa Nenryo Kogyo reconfigured its laboratory as Corporate

R&D Laboratory.
ERIILEH. NIEERARAZRE
(887056 F PRE@IFERRT. BI61F PRUIFHTICCHE)

General Sekiyu founded its product research laboratory at
Kawasaki; it was renamed central product research

laboratory in 1981, then central research laboratory in 1986.

BAILE. PRTEMZHEEGH A ICoHE

Nippon Mining reconfigured its laboratory as Corporate R&D
Laboratory.

BEtZ. HMHARMBERMAZZRE

Nippon Petrochemicals founded Fujisawa branch office in its
new material laboratory.

BAMESHBOHBNEGHL., BIHBICHSESE
(EFR5F YvNNVIFI—)

Nippon Mining merged with Kyodo Oil to establish Nikko
Kyodo Corporation; the company was renamed Japan Energy
Corporation in 1993.

B AH . RRRT TR 2 B8

Koa Oil terminated operation of its Osaka laboratory.
CTxIILEM. PRIFRAFZEHE

General Sekiyu terminated operation of its central research
laboratory.
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(FR114)
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(Fm224)

(FR294)

(BBF50%F)
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HABHE=2m8r 60U, BE=
(FR14F FEAGH)

Mt DWRAIFPREZMFARTE UTHRE

Nippon Oil merged with Mitsubishi Oil to establish Nippon
Mitsubishi Oil Corporation; the company was renamed Nippon
Oil Corporation in 2002. Laboratories of the companies were
integrated as Central Technical Research Laboratory.
RMEBRTILEBDIEHU.
RRERSILBHICEHSESE

Tonen merged with General Sekiyu to establish
TonenGeneral Corporation.

HEZ2#% BEBohZEaHL.
HERODHBERICHSESE

Nisseki Mitsubishi Refining and Koa Qil merged into Nippon
Petroleum Refining.

RRAECRSILEH. REWRAZEFSICBEL.
SRR F AR (C oA

TonenGeneral relocated its laboratory to Ukishima, and
reconfigured it as TonenGeneral Research Center.

FEAOBLEZE. MARAEBFIZHEEGBICRSE
R&D department of Nippon Petrochemicals was merged into
Nippon Qil.

FEADHER. HEADHLEEGH

Nippon Petroleum Refining merged with Nippon Petrochemicals.
wEADH. ANGHZEEH

Nippon Oil merged with Kyushu Oil.

wEAGMH. Vv N IFI-BLUHHERGHBRD
BHLU. JXBIRBBEIRILF—ICEHSESE
(FR28F IXIRILF—)

L DS F P RZMFZFT & UTHRE

Nippon Oil merged with Japan Energy to establish JX Nippon
Qil & Energy Corporation. Laboratories of the companies
were integrated as Central Technical Research Laboratory.
IXIRIF—ERBRERIIVEHIEHU.
IXTGIXIF—ICEHSESE

(%0 26 ENEOS)

it DW R FPRZMATRTE LU THRE

JX Nippon Oil & Energy Corporation merged with
TonenGeneral to establish JXTG Nippon Oil & Energy

Corporation. Laboratories of the companies were integrated
as Central Technical Research Laboratory.

BCHSEE

HMEEBH<ZA—/IN—NASZVR>/
AVFOELNI-FILRETOER

Super Hyrando hydraulic fluid / lsopropyl ether
manufacturing process

YA XE

Synthetic sizing agent

Non-deashig MUIFLUYEESOER
Non-deashing polyethylene manufacturing process
BRILBRNIFUFYEY7ONTFT Y <EBH>
WETOER

Manufacturing process for ethylidene bicycloheptene (EBH.a
raw material for synthetic rubber)
UZ7EREERUIFLUYRETOER S
TFvARETOER

Linear low-density polyethylene manufacturing
process/Butene-1 manufacturing process

Iy ORI I T VREERNEOER
Dicyclopentadiene resin manufacturing process
BUHEEBERF VH<FILERF VA AIL>/
BENSII—FAHBEHBHSTOU>
BINSUI LAV <\ENRITAVYEYR>
Orbis Gear high-performance automobile gear oil / STOU
farm tractor universal oil / Unleaded Diamond Gasoline
premium fuel

TRBFCCRIE SR KUK 20 B $2 i

FCC catalysts for residue,and magnetic separation
technology for FCC catalysts

SRS MERDS IR

RDS catalyst with high desulfurization activity

Ty I AKFREBREBERAHTMR

Wax hydrotreating catalyst

M| SUITLAVIY
<Fvyalb—P—100AYUY><IYTvhGP-1>
<Z-100>

Unleaded premium gasoline (Dash Racer 100 gasoline,
Sietto GP-1,Z-100)

BEERATI Y Y VH<PAN-XX,PAN-R100,BMO-2>
PAN-XX,PAN-R100,and BMO-2 motor oils
BRRABHUEAVI Y I VI VH<AINERTSVZ>
Orbis Gran Z synthesized high-performance gasoline engine oil
FEERR—ILYaAY MU —-/ REAEBHERISETOER
Constant velocity joint grease / Carbon fiber manufacturing
process

B BRE BT

Technology for removing gas bubbles from liquids
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(FR2E)

(FR3E)

(FRa%)

(FRISE)

(FR74)

(FRI8E)

(FRI9E)

(FRL10%)

(FR11E)

(ER124)

(FR13%)

(ER144)

(FR158)

(FR165)

BREEMB<VHDC>H LU
BEFEFERBHRE SO EX<NASU>
RETRBAK R D BAMEE
KRIEDBERESFSHFHYI210—9—

VHDC high-quality basestock and NASU nonaromatic solvent
unit / Hydrocracking catalysts for vacuum residue/Simulator
for predicting hydrocracking catalyst life
BEFIUNSDAY YUY - BERRGRII
<Z-Forming Process>

Z-Forming Process for manufacturing gasoline or aromatics
from light naphtha

BBT A ATUABERER (BRELCT «ILL) /
EYZVBI2/BHDRERTTOER

Nisseki LC Film compensator for liquid crystal displays /
Vitamin B12 / Deep hydrodesulfurization process for diesel
oil

SHEEUZFEBERUIFUYRIESTOER S
Za—%vyab-—o-100VUY/
RDSHIALIE O R <FEROSEP>

Gas phase linear low-density polyethylene manufacturing
process / New Dash Racer 100 gasoline / FEROSEP RDS
pretreating process

BB SUITPLAAVIUYLSTUITLZ:
CARBESZMRIAIE > /BB —XBAAVU Y
<FTAVEYRL=YVT>

Premium Z unleaded premium gasoline (CARB-certified) /
Diamond Racing Gasoline unleaded race gasoline
BRBEERIEKRRIFFRH<NSTU —2>

NS Clean High performance hydrocarbon based cleaning
agent

FUEFLA®HB<BEIOT>/
FERRPHEB<IZ-NY bFS52>/
AS—HEANA VT —

Nisseki PROG premium diesel oil / Unicut Terrami
chlorine-free cutting oil / Synthetic binder for colored
pavement

5B BE B RE R <VHVI>
BENRT «—BILIVIVHE
<FTAVEYRIU—KIPUR>

VHVI high-performance lube base oil manufacturing
technology / Diamond Fleet Jumbo low-emission diesel
engine oil

EBMBEBT VI VT A)L<GEOMA>

Fuel-efficient engine oil, "GEOMA”

SRS MERDSHIE / CFERFEME
TAMERCFIOX

High-performance RDS catalysts / Panel heaters made of
carbon fiber / Carbon fiber cloth for retrofitting of concrete
structures

FCCAY U v DRBIRBE TR T

U7 LABHB<RVF 4 —EIL>

Selective hydrodesulfurization technology for FCC gasoline /
RV Diesel premium diesel oil

T ATV R34 8550 it s A h

Ester-type lubricants for HFC refrigerants

OY 7 RUYESHEEEMH

<FAVEY I\“D‘/7‘547FZ>

Diamond Long Life FZ long-life hydraulic fluid
OHBREENOMETIEICSITD \
FIEEOEFAE - f#RM JEO—5—)

JE Loader Continuous measurement and control of the fill
surface during catalyst loading of petroleum refining
equipment

R M RRRMHE (PEILT 7 ACF) /
FUIFIWAYVUVERE (TI175—2XG)
Amorphous carbon fiber / EcoforceG Gasoline additives for
reducing valve deposits
RSV Z T LB/ CFRPOMRY bNAY R

City premium diesel fuel / CFRP composite robotic hands
BB XS )LIEMERDS 4%

RDS catalyst with high demetallation activity
FIL=Z2BAVUY - TVIVl/

NS —EFBFALCT 4L LA

Racing gasoline and engine oil for Formula 1 / LC Film for
color cellular phone

ENEOSNAZF I AV U (FMEIARN) /
EHEREATLCORARFBIR T 4L LA

(NHZ 4 )LL) /BT RIVF—ESHEEE D
<ZA—=/N—=N\ASVRSE>

ENEOS high-octane gasoline with friction modifier / NH Film
viewing angle compensator for mobile LCDs/Super Hyrando
SE energy-saving type hydraulic fluid

BUEE—9—FAIL<IJOMORU—-T—YU—=X>
JOMO Dreamer Series High performance motor oils
HHRIOFIN T 7 —=TU—=NAFTHY U
<ENEOSY «—O>

ENEOS VIGO high-octane gasoline which guaranteed world's

2005 @mi7s

2006 (Tiss)

2007 (Fmi9m
2008 (THi20%)
2009 Fm21w

2010 (Fm22m

2011
2013 cemas®
2014 Fmoem
2015 a7
2016 wm2ss)

(Fm23%F)

2017 (Fm29m

2018 (waizos)

first sulfur-free (S=10ppm) TR31E
Bk AL S R A 2019 ¢ pusu

High-performance hydrocracking catalyst
Yy oORVSYIITY (DCPD) WEFOER
Dicyclopentadiene (DCPD) manufacturing process

ROK-Finer (FCCAHY U VERER) O
ROK-Finer (FCC gasoline selective hydrodesulfur\'zat\on)

process
HILT7—TU AR E

High performance hydrodesulfurwzatwon catalysts providing
for sulfur-free fuels.
ZT—)WJI]IF%I\/\QL EEI%U

QL drug containing oil for steel processing
FRBEMERB<SAS-70E>

New electric insulating oil SAS-70E

NV hHBRERERERBIIL— R

<ENEOS CVTI7)IL— K>

Transmission fluid for push-belt continuous variable
transmission ENEOS CVT fluids

LPGHEHEMPIEEY X7 L<ENEOS ECO LP—-1>
LPG specifications fuel cell system ENEOS ECO LP-1
HS-FCC 30BDZE3ERLLD

Successfully demonstrated the HS-FCC process on a 30B/D
scale

BAFIIVMEM (AVAITY) WETOER
High-octane number base material (\sooctane)
manufacturing process

VILRY MEGERBERKRETOER

An aromatic hydrogenation process for solvent production

WEREBELG<LIY—IL>
Modified sulfur concrete RECOSUL

Il RRE SR X5 A<ENEOS ECOBOY >
Kerosene specifications fuel cell system ENEOS ECOBOY
BEMUE OB 2BIEEHRRNEZAVE
AR SRR E M

Removal of gas-phase chlorine using zinc oxide based
absorbent in the catalytic reforming process
BHFCORTSSAF Vv IRDBHDOT v T U—R

Upgrading of waste plastic pyrolysis oil at refineries

YILT =TV —m\JJI]ﬁU (zZP)
Sulfur free additive, “ZP"

NS T4 VRBREHRF<IIV2—)L>
Paraffin based latent heat storage material, "ECOJOULE”"

BERENT  —CILIVIVFAIL
(ENEOST v —EILAAI ITIRF—Y)
Ultra-fuel-efficient diesel engine oil, "ENEOS ECOSTAGE
Diesel Oil”

BRTAZXATUABT LA (NVT 1ILL)

Film for LCDs, “NV Film"

RERMEIER (IRT77—L (PEFCR) )

Fuel cell system for home use, “ENE-FARM" (PEFC type)
RHSULESDH (PYFSAMFTSELS-F)
Long-lasting rust preventive oil, "ANTIRUST TERAMI LS-F”
BREBEIVIVAFAN
(ENEOSTFUZFPLE—9—FA)L SUSTINA)
Fuel-eficient engine oil, “"ENEOS SUSTINA Premium Motor
oil”

P2AIFHF (Astaxanthin) RERIEEIA

Started full-scale production of Astaxanthin

REAMHED (Tx77—L (SOFCH) )
Fuel cell system for home use, “ENE-FARM" (SOFC type)

RUS -k F (ENEOSZIZ/¥D 5 —)
Polymer microparticles (ENEOS Uni-powder ®)

HS-FCC 3,000BDE=dN—Y vILE&KT T
Operation ceased at a 3,000B/D semi-commercial HS-FCC plant

RIU—VABAIT A ILL (ALARRITU—)
Transparent screen films for projection, "KALEIDO SCREEN"

BREBEGA7ZAIFYVFY
Astaxanthin for human nutrition (NaturAsta®)

FCAZOERBHE

Fluid Catalytic Aromaforming Process

V—)LRT Y VABLBERT LY —ILTU—2Z
[¥—IL/ v T CRIFE

Sealnoc CR: Tail seal grease with cement retarder for shield
machines

UFOLAF YNy T U—RARKREM

Graphite for LIB anodes

= M 20K =R AR

High heat-resistance waveplates (Nanoable®Waveplate)
BIXR - HEBEIU—X [9T7U v T IMP] EFE
Toughlix MP: All-purpose, energy-saving, extreme pressure
grease

BRIVU-—ZXRIZEHETLU M
[USA4T7FPURYU =X 55T

Reliapress Series: High-performance, chlorine-free press oils
BRARUAZIRE/ Y —

Monomer for colorless polyimides (ENEHYDE®*CpODA)
JASORHMRE [DH—-2F] MW

BRET  —EBILIVIVHE

[Z4—EILTSYRDX OW-30[%%E

Diesel Grand DX OW-30: Fuel-saving diesel engine oil that
meets JASO DH-2F requirements

S5 M 24405 B AR

High heat-resistance diffusers (Nanoable®Diffuser)

B #AO T F R F (DOE)

High heat-resistance DOE (Nanoable®Diffractive Optical
Element) .
RA0T7A4AN—Rgm (54 T°MF)

Microfiber Non-woven (MILIFE®MF)

AR KmES R IG YU Y9 [WU>C405] F5T
MARINE C405: Development of new 40BN cylinder lubricant
for marine fuel sulfur regulation
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