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MESOPOTAMIA (PRESENT-DAY IRAQ), THREE THOUSAND YEARS AGO. IN THE T
SOUTHERN DELTA OF THE TIGRIS AND EUPHRATES RIVERS, THE PEOPLE OF THE IE'
KINGDOM OF SUMERIA VENERATE THE “ETERNAL FIRES”: GAS, EMITTED |
FROM SUBTERRANEAN POCKETS, WHICH IGNITES UPON REACHING THE AIR.
THE KING HIMSELF CONDUCTS THE RELIGIOUS CEEEMONIE.
¥ ¥

O GREAT ENKI, 6OD OF THE ABYSS, MAY
YOU BE PRAISED, FOR YOU HAVE GIVEN
YOUR SERVANT KNOWLEDGE OF THE SECRETS
OF THE EARTH AND MAGICAL POWER.

MANY CENTURIES BEFORE OLR TIME, i

EAST OF THE CALICASUS MOLINTAINS, [ IN ANCIENT TIMES, A "FLAMING
Loy THE "LAND OF FIRE" IN FOLINTAIN APPEARED IN A RAVINE IN

PRESENT-DAY AZERBAIJAN. THE WHAT IS NOW SOUTHEASTERN FRANCE. . THIS P' f”ENOMENON IN Hlsn BOOK
ZOROASTRIANS, ADORERS OF FIRE IT GAVE RISE TO A CULT OF VULCAN, THE CITY OF GOD.
WORSH‘IPED THERE. ! THE GREEK GOD OF FIRE AND FORGES.

THIS FLAMING
FOUNTAIN REVEALS
THE POWER OF

CENTLRIES LATER, IN T8 TN PEET
1885, AN ENGINEER HAS SPENT A LOT
BY THE NAME OF |- OF MONEY ON THIS
PIRET INVESTIGATED DREAM OF HIS.
THE SITE.

YOU'RE NOT THE ONLY
INVESTOR WHO HAS
| ALMOST BEEN RUINED IN
J THIS BUSINESS!

UNDER THERE, I'M CERTAIN
OF IT.




IN CHINA, UNDER THE HAN DYNASTY (206 BC TO 220 AD), AN ADVANCED
CIVILIZATION DEVELOPED, EMPLOYING TECHNOLOGIES WHICH WOULD NOT BE
DISCOVERED IN THE WEST UNTIL CENTURIES LATER.

THE CHINESE BUILT WELLS TO
EXTRACT SEAWATER.

FROM THE WELL CAME PIPES
MADE OF BAMBOO WHICH
CARRIED THE SEAWATER.
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DO YOU SEE THAT LEAK?
SEAL IT UP.

- ME ON
FASTER!

PUT YOUR

I ——
BACK INTO IT! [ U =
ME

S
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A8 THEY DUG DEEPER AND | THE GAS WAS TRANSPORTED THROLIGH BAMBOO PIPING
DEEPER, THE CHINESE i OVER MANY MILES, TO MANY VILLAGES.
DISCOVERED DEPOSITS OF GAS. =T -

_—

PUT YOUR HAT BACK

d  WeHAave b " S ON. YOU'LL GET
DISCOVERED A WELL T AN i A HEADACHE.
OF FIRE! -'-

MAKE waY!
MY LORD IS IN

) = A HURRY. i

-] AN INGENIOUS CARBURETOR SYSTEM ALLOWED THE MOST POWERFUL GAS ; IN SOME SICHAUN VILLAGES, THE

THE GAS TO MIX WITH THE AIR WITHOUT FLAMES WERE USED TO SMALLER FLAMES WERE USED FOR LIGHT
DANGER OF EXPLOSION. HEAT THE TANKS WHERE THE AND FOR COOKING.

SEAWATER WAS EVAPORATED. ||

IT COULD EXPLODE! 2, . | come cLoser To

OPEN THE AIR SUPPLY A LITTLE MORE. THE FLAME, YOU'LL
SEE BETTER.




IN THE WEST, THE DISCOVERY OF THE LISES OF GAS WOLLD HAVE
TO WAIT LUNTIL THE 18™ CENTURY AND THE INDUSTRIAL REVOLUTION.
ENGLISH COAL MINERS WERE AMONG THE FIRST TO RECOGNIZE THE

PRESENCE OF GASES DEEP IN THE EARTH, WHICH THEY CALLED
“COAL DAMP” AND “CHOKE DAMP.”

‘LONDON. APRIL 10, 1774.

DEAR MONSIELIR LAVOISIER, | WRITE TO
YOU ON THE SUBJECT OF THE FLAME
THAT CAN BE PROPUCEDP FROM
CERTAIN WATERS...”

] IN 1764, IN NeEw JERSEY, BENJAMIN
| FRANKLIN INVESTIGATED THE
PHENOMENON OF “SWAMP GAS.”

FRANKLIN'S RESEARCHES EVEN FARTHER.

LET'S SEE IF THE
GAS OF ITALIAN
SWAMPS IS AS

FLAWWABLE AS IN

AMERICA.

STRANGE, THE AIR
ABOVE THIS SWAMP
18 FLAMWWABLE!

"E— i

IN 17%%, HE RECREATED HIS EXPERIMENT IN
STRASBOURG IN THE PRESENCE OF

BARON DIETRICH.

THE FLAMMABLE AIR,
BARON, IS A GAS, WHICH
EMERGES FROM PLANTS
AS THEY DECOMPOSE.

NOTED THAT THIS GAS WILL
DETONATE WHEN IT MEETS
THE COMMON AIR WHILE
ENCLOSED IN A VESSEL.

IN PARIS, THE BARON
PRESENTED THE DISCOVERY |
OF VOLTA TO THE GREAT T \ : IT IS REMARKABLE THAT THIS AIR
FRENCH SCIENTIST ANTOINE ' ] BURNS WITH A BLUE FLAME.
LAVOISIER AND THE MEMBERS | [ \
OF THE ACADEMY OF
SCIENCES.




IT LOOKS LIKE

IN 1786, A YOLING )| ST. ELMO’S FIRE.

FRENCH ARISTOCRAT,
THE 19-YEAR-OLD
PHILIPPE LEBON

D'HUMBERSIN, HEATED

SAWDUST IN A GLASS

THIS FLAME
i DOES NOT GIVE
179%. HAVING COMPLETED ; - MUCH LIGHT.

HIS STUDIES IN PARIS,
PHILIPPE LEBON . :

CONTINUED TO CARRY OUT : [k B THERE ARE STILL TOO
EXPERIMENTS WITH GAS MANY IMPLRITIES IN |
LIGHTING IN HIS FAMILY THE é48.

HOME.

IN 1799, PHILIPPE LEBON OBTAINED A PATENT FOR HIS INVENTION, WHICH
HE CALLED A “THERMOLAMP.” TWO YEARS LATER, HE WAS COMMISSIONED
TO LIGHT THE HOTEL SEIGNELAY IN PARIS. IT WOULD BE YEARS BEFORE HIS
EXTRAORPINARY INVENTION WOULD FIND PRACTICAL APPLICATIONS.

WANTING TO ASSOCIATE HIS NAME WITH SOME GREAT INVENTION, KING Louis XVIlI
OF FRANCE DECIDED TO FINANCE A GAS COMPANY.

WHY ARE YOU HERE
AT THE HOSPITAL?

WE WILL BEGIN BY H | BEG YOLR PARDON, YOUR MAJESTY,
LIGHTING THE HOSPITAL BUT WON'T THE LIGHTING KEEP THE
OF 8T. Louls. SICK PEOPLE AWAKE AT NIGHT?

IT'S 6AS, FATHER. |
AM GOING TO CALL IT
"HYDROGEN GAS.”

FOR A SKIN
DISEASE.

AH YES, THIS
HOSPITAL SPECIALIZES
IN THAT.




IN THE 1820'S THERE WAS A LIVELY DEBATE BETWEEN ADVOCATES AND OPPONENTS OF COAL GAS

| ' | !- -;.

...AND TO FREE UP AGRICULTURAL LAND WE Sl ' NOT TO MENTION THAT THE GAS
GAS ALLOWS LS TO SAVE THE ARE NOW LSING TO PRODUCE LIGHTING OIL o " LIGHTING IN THE STREETS IS
WOOD OF OLIR FORESTS... FOR OTHER CROPS. VERY HELPFUL TO THE POLICE...

IF ALL THE STREETS OF DUE TO HYDROGEN SULFUR, MANUFACTURED
LONDON WERE LIT, THERE GAS HAD A STRONG OPCR. i

WOULD NOT BE 8O MUCH ' TAE

CAN YOU SMELL _ | s
- THE GAS? , : F‘i 2 ANOTHER LEAK.
$ DISGUSTING! I\ S THE GAS OFTEN STARTS
; FIRES IN RESTALIRANTS

AND CAFES.

il s _
I PEOPLE LIVING NEAR GASOMETERS LARGER AND LARGER STRUCTURES USED TO STORE
GAS WORRIED ABOUT THE DANGER OF EXPLOSION.

o "

IN ENGLAND, ONE OF
THEM EXPLODED, AND
MANY PEOPLE DIED.

FAULTY CONNECTION OF PIPES llzaEzlj'LTED IN » 4 k. R NEVERTHELESS, BY THE MIDDLE OF THE |
LEAKS AND EXPLOSIONS, AS IN AT THE nay m 1T [ 19™ CENTLRY, HUNDREDS OF MILES OF

e E3REE 1Y A G R BRI EER S B s pipe RAN BELOW THE STREETS IN
=X ST 5. oy bl A Tanj 00 8 [l V000 PARIS AND OTHER LARGE CITIES.

| -.i "
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IN 1821 IN THE STATE OF NEW YORK A GUNSMITH BY THE NAME
OF WILLIAM HART NOTICED BUBBLES FORMING ON THE SLIRFACE o

OF LAKE ERIE. 2

HE BEGAN DIGGING AS WELL WITH A SIMPLE || THE 6GAS WAS FUNNELED TO THE TOWN BY 1325 WILLIAM HART'S WELL PROVIDED
SHOVEL! ABOUT EIGHT YARDS DOWN, THE OF FREDONIA IN HOLLOW LOGS SEALED LIGHT TO FOUR SHOPS, THE POST OFFICE,
WORKERS RELEASED METHANE, TRAPPED IN | WITH RAGS AND TAR. AND THE FIRE DEPARTMENT.
THE SHALE. A i

WHEN WILL YOU BE ABLE
TO INSTALL
THE GAS IN MY HOUSE?

BE CAREFUL NOT TO MAKE ANY }
SPARKS WITH YOUR TOOLS!

AS SOON AS ALL THE
BUSINESSES AND PUBLIC
BUILDINGS ARE PROVIDED FOR.

IN 1858, ENTREPRENELIRS CARRYING ON THE WORK OF IN 1826, FREPONIA BUILT ITS FIRST PUBLIC SCHOOL. IT
WILLIAM HART CREATED THE FREDONIA GAS LIGHT WELCOMED 8 STUDENTS THE FIRST YEAR, 136 THE SECOND
COMPANY, THE FIRST AMERICAN GAS COMPANY. - YEAR - 8] BOYS AND 55 GIRLS.

e
[

WE SHOLILD HAVE A
PORTRAIT OF WILLIAM
HART Here!

. e 5. 1 ’-
[ Yourre rigT. He's Tre | | r,g ' ,ﬂ_, ) = 1 _ WSS
FATHER OF AMERICAN : — e e —— L
NATLIRAL GAS.

—
h'l

{ = -1‘*‘- -



IN THE 19™ CENTURY, TO MEET THE DEMANDS

OF INCREASING GAS CONSUMPTION, MORE AND
MORE MODERN PROCESSING PLANTS WERE BUILT.

THEY WERE CALLED “COKING PLANTS" BECALISE
THE DISTILLATION OF GAS FROM COAL PRODUCES ©) AFTER THE INVENTION OF SEALS IN 1890,
COKE, A SOLID RESIDUE USED IN THE PRODUCTION - IT BECAME QUITE SAFE TO TRANSPORT

OF STEEL. HERE ARE THE STEPS OF GAS THE GAS IN PIPELINES. AS EARLY AS 189I,
MANLFACTLRING: A 100-MILE PIPELINE CONNECTED CHICAGO TO
- ; A GAS TANK LOCATED IN INDIANA.

-

8 1) DRY DISTILLATION TAKES
PLACE IN DOZENS OF
HORIZONTAL “RETORTS,”
FURNACES MADE FROM
SILICA BRICK.

2) AFTER THE
DISTILLATION OF THE
COAL, THE INCANDESCENT
COKE IS REMOVED AND
COOLED WITH WATER.
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S) THE CLEAN RAW GAS IS THEN MIXED WITH
LEAN GAS UNTIL IT REACHES THE PROPER
CALORIFIC VALUE, BEFORE BEING STORED IN
GASOMETERS-A METAL TANK WITH A DOMED
TOP THAT RISES OR FALLS DEPENDING ON
HOW FULL THE TANK IS.

|
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Y) THE GAS IS THEN PLRIFIED IN A
COMPLEX PROCESS AS TAR, CARBONIC
ACID, NAPHTHALENE, AMMONIA, AND
OTHER SUBSTANCES ARE REMOVED.

TOWARDS THE CONDENSATION
DEVICES.




IN 1814, HE OPENED ONE OF THE FIRST PUBLIC
IN THE UNITED STATES, AN ARTIST AND MUSEUMS IN THE CITY OF BALTIMORE. | WANT THE MUSELM TO BE

ENTREPRENELIR BY THE NAME OF REMBRANDT - in H- Bl | A PLACE WHERE PEOPLE NOT

PEALE WAS FASCINATED BY GAS TECHNOLOGY. ONLY SEE ART, BUT THE LATEST
ADVANCES IN SCIENCE AS WELL!

THE LIGHTNING
IS MARVELOUS,

MARVELOUS
PAINTINGS!

THE CLEAR, STEADY LIGHT

ALLOWS ME TO WORK BY NIGHT THE MUSELIM BECAME THE FIRST PLBLIC
AS WELL AS BY DAY! i BUILDING TO BE LIT ENTIRELY BY GAS.

THE MUSELM SHOWCASED BOTH PEALE’S THANKS TO THE COMPANY PEALE ESTABLISHED,
PAINTINGS AND SCIENTIFIC DISCOVERIES, LIKE THE BALTIMORE BECAME THE FIRST AMERICAN CITY

MASTODON FOSSILS HIS FATHER HAD LINEARTHED. TO BE LIT BY GAS.

THERE IS 8O MUCH WE DON'T
KNOW ABOUT THE WORLD. SO
MUCH YET TO BE DISCOVERED!

PEALE WAS ONLY THE FIRST
OF MANY ARTISTS TO BE
FASCINATED BY GASLIGHT....

|NV! EPH 8 GASLIGHT WOLLD LATER BE

| JOS USED IN THE BURGEONING
FILM INDUSTRY TO
PROVIDE LIGHT AS WELL AS

ATMOSPHERIC EFFECTS.

IT EVEN INSPIRED A
FAMOUS FILM!

T T peamads [WIEEST

A




THE WORKERS WHO MONITORED THE OVENS - “COKEMEN’- HAD AN EXTREMELY
DANGEROUS JOB. THEY WORKED IN HELLISH TEMPERATLIRES AND CONSTANTLY
BREATHED AN ATMOSPHERE OF HOT DUST. IN A GROUP PHOTO, COKEMEN POSE WITH THEIR TOOLS.

GO GET A DRINK,
I'LL PUT SOMEONE
IN YOUR PLACE.

COKEMEN WERE WELL PAID, BUT MORE THAN IN OTHER
JOBS, THEY WERE SUBJECT TO MANY ILLNESSES,

YOUR LLUNGS ARE HEAVILY
CONGESTED, YOUNG MAN.

emaae-. § o
LONG AND CONTINLIOUS STRIKES PARALYZED ELROPEAN FACTORIES COKE, THE BY-PROPUCT OF THE i

AT THE END OF THE 9™ CENTLRY. || oisTiLATION OF coAL, was sOD TO [
- BUSINESSES AND INDIVIDUALS.

IE N By ] !

WITH THAT, YOU'LL
BE ABLE TO HEAT
4 WHAT YOU NEeD
. FOR QUITE A WHILE,

THEY NEED TO
GIVE
us DAYS OFF!




LAMPLIGHTERS EXISTED LONG BEFORE GAS AT DUSK, THE BRIGADES OF LAMPLIGHTERS HAD ONLY A LIMITED
LIGHTING BEGAN TO BE LISED. TIME TO LIGHT ALL THE STREET LAMPS, ACCORDING TO A
P PRECISE TABLE DRAWN LP BY CITY AUTHORITIES.

'-'I: '||'|
L

WHEN WE NO LONGER
HAVE TO TEND TO
THE CANDLES, WHAT
WILL BECOME OF
OUR JoBs?

THE USE OF GAS SIMPLIFIED
THE WORK OF THE
LAMPLIGHTERS, WHO COULD
NOW LISE A LONG POLE
INSTEAD OF A LADDER TO _ IT'S TIME, DON'T DAWDLE. IF
LIGHT THE LAMPS. . - & YOU'RE LATE IT WILL BE TAKEN
- ; ' i OUT OF YOUR PAY!

OTHER PROFESSIONS LINKED TO GAS BEGAN TO
DEVELOP. THE FIRST GAS METER WAS DEVELOPED BY
SAMUEL CLEGG IN 18IS, AND THE ROLE OF METER-
READER GREW RAPIDLY IN THE 19™ CENTLRY. LATER,

COIN-OPERATED METERS CAME INTO LSE.

e

BE ENOUGH TO COOK MY My
POTATOES... i
- i

s ] b

EY
| LET'S SEE! TEN CENTS SHOULD F I‘[ ‘-‘l 1

TO AVOID SWITCHING CREWS BETWEEN
LIGHTING AND EXTINGUISHING THE
LAMPS, DORMITORIES WERE PROVIDED
FOR THE LAMPLIGHTERS.

, DLRING WORLD WAR |, AS MEN WERE DRAFTED INTO
I'M HERE TO COLLECT FOR THE ARMED FORCES, WOMEN REPLACED MEN IN GAS-

THEGES A A RELATED JOBS AS WELL AS MANY OTHER PROFESSIONS
ON THE HOME FRONT.

I'M NOT JUST GOING
BACK HOME WHEN THE
WAR IS OVER!

NEITHER AM I. THIS IS
A GREAT JOB AND THE
MONEY IS GO0P.




THE CHINESE LISED BAMBOO TO CARRY GAS, WHILE THE AMERICANS
AND ELIROPEANS USED HOLLOWED-OUT TRUNKS OF TREES.
IMPROVEMENTS IN METALS, WELDING TECHNIQUES, AND PIPE MAKING
DURING WORLD WAR Il MADE PIPELINE CONSTRUCTION MORE ECONOMICALLY I
ATTRACTIVE AND THE LI.S. BEGAN BUILDING ITS PIPELINE NETWORK.

BY THE MIDDLE OF THE 19™ CENTURY, THOUSANDS
OF MILES OF CAST IRON, LEAD AND IRON PIPES WERE
CONSTRUCTED THROUGHOUT THE U.S.

=]

WE WILL HAVE TO DRILL
TO CONNECT TO THE
BUILDING IN THE REAR.

PEOPLE BLAMED GAS FOR
POLLUTING WELLS AND CAUSING
EPIDEMIC DISEASES.

JiiN
THE DRINKING WATER

SMELLS DISGUSTING; THEY
WILL POISON US ALL!

THEY'RE WATERING THE TREES
WITH GAS; THAT'S WHY THEY
LOOK 8O UNHEALTHY.

CITY STREETS WERE TORN UP TO THE LAYING OF PIPES. THE CONSTANT THE RAPID EXPANSION OF GAS NETWORKS IN CITIES
CONSTRUCTION LED TO PROTESTS FROM CITY DWELLERS. LEADS TO INCREASINGLY STRINGENT REGLLATIONS.
| o

]
i CAN'T YOU CLEAR THE
i | | ROAD? IT'S IMPOSSIBLE
{ TO GET AROUND THIS
CITY ANYMORE!

. T Ls i ‘

i
[~ T
-
: T
WHAT ARE YOU TALKING
ABOUT? ONCE IT'S IN,
YOU'LL BE HAPPY TO BE

ABLE TO SEE WHERE
YOU'RE GOING AT NIGHT!

'r'I

e

L B

THAT THE PIPES HAVE TO BE
BURIED DEEP IN THE GROUND AND
AWAY FROM THE HOUSES,
FOR SAFETY.




IN THE SECOND HALF OF THE 19™ CENTLIRY, SEVERAL INNOVATIONS CAME BY WAY OF EASTERN ELIROPE. IN THE AUSTRO-HUNGARIAN
EMPIRE (PRESENT-DAY POLAND), IGNACY LUKASIEWICZ DUG ONE OF THE WORLD'S FIRST OIL WELLS IN 1854.

LUKASIEWICZ ALSO DEVELOPED A
PORTABLE GAS LAMP. HE
ADVISED THE ROCKEFELLERS,
BUT DID NOT WANT ANY PAY
FOR HIS SERVICES.

| WORK FOR THE 600D |
OF HUMANITY, NOT Tt
MAKE MYSELF RicH. [

I

e P 2

ON THIS SITE, A MUSELUM OF THE OIL AND GAS INDUSTRY WOLLD LATER BE BUILT. | 1‘;,, .
= = - — -
-]

AT ABOUT THE SAME TIME, THE GERMAN CHEMIST ROBERT
WILHELM BUNSEN AND HIS TEAM PERFECTED A NEW
LABORATORY APPARATUS WHICH WOULD PROPUCE AN INTENSE
GAS FLAME TO HEAT PREPARATIONS OR STERILIZE EQUIPMENT.

IN 1882, AT THE LINIVERSITY OF HEIDELBERG, AN
AUSTRIAN BY THE NAME OF ALER VON WELSBACH
COMPLETED A PHD THESIS LNDER THE SUPERVISION
OF ROBERT BLINSEN.

PROFESSOR, | THINK
SCIENTISTS OF THE FUTURE
WILL CALL THIS DEVICE THE
"BUNSEN BLIRNER.”

ALER REPLACED THE MAGNESIUM WITH A
SOLUTION OF THORIUM SALTS AND CERIUM,
PRODUCING A WHITE LIGHT. THE EFFECT
WAS NOT ALWAYS PLEASANT.
1 |

ALIER, WHO STUDIED RARE-EARTH
ELEMENTS, ADDED A BEC TO THE BLINSEN
BURNER. IN 1885, HE INVENTED THE
INCANDESCENT GAS MANTLE TO INCREASE

THE BRIGHTNESS OF THE FLAME.

L)

IT IS THE EFFECT
OF MAGNESIUM
WHICH SOAKS INTO
THE COTTON.

| NEVERTHELESS, THE

| ALER BEC WOUILD HAVE
A “BRIGHT” FUTURE. IT
I8 8TILL USED TODAY!

NOT AT ALL, IT'S THIS
NEW LIGHT THAT GIVES
EVERYONE SUCH AS
8ICKLY LOOK!

YOU ARE VERY PALE!
ARE YOU SLIRE YOU'RE
NOT ILL?

UGH, THIs

1)



THROUGHOUT THE NINETEENTH CENTLRY, GAS-POWERED
ENGINES WERE REPLACING STEAM ENGINES IN FACTORIES.
IN 1804, A SWISS INVENTOR AND POLITICIAN BY THE NAME

OF FRANCOIS ISAAC DE RIVAZ BUILT THE FIRST COAL
GAS ENGINE.

ON JANUARY 24, 1860, FRANCO-BELGIAN JEAN-JOSEPH ETIENNE
LENOIR FILED A PATENT FOR A SPARK IGNITION ENGINE. HE
MANUFACTURED FOUR HUNDRED OF THESE ENGINES, SOME OF WHICH
POWERED THE RIVERBOATS OF THE SEINE IN PARIS!

IN THIS CYLINDER, THE PISTON IS el =l ..THIS NEW ENGINE

FORCED UP BY COMBUSTION. WHEN N e B Aol L=l RuNs ON Gas AND
IT FALLS BACK, IT OPERATES A | L s | | ¢ Sl - - PRESSLIRIZED AIR.
ROPE WHICH TURNS THE FRONT — [ & ' (R

IN 1872, AMERICAN GEORGE BRAYTON INVENTED THE FIRST COMMERCIAL
LIQUID-FUELED INTERNAL COMBUSTION ENGINE, ONE OF THE FIRST ENGINES
TO BE USED FOR MOTIVE POWER. IN 1881 A BRAYTON ENGINE WAS LISED BY
JOHN PHILIP HOLLAND TO POWER THE FIENIAN RAM, THE WORLD’S FIRST

SUCCESSFUL SELF-PROPELLED SUBMARINE.

IN 1884, THE FRENCHMAN EDOLIARD IN 1920, GEORGES IMBERT
DELAMARRE DEBOUTTEVILLE, WITH INVENTED THE WOOD GASIFIER
HIS CHIEF MECHANIC LEON MALANDIN, WHICH HAD A HARD TIME
PERFECTED THE FIRST CAR EQUIPPED COMPETING WITH DIESEL. DURING
WITH A 4-CYLINDER COMBLISTION ENGINE. WORLD WAR Il, HOWEVER, THIS
IT HAD A FRONT SEAT AND A REAR TYPE OF FUEL GOT A NEW LEASE
PLATFORM. ON LIFE WHEN THE SHORTAGE OF | .~
GASOLINE MADE ALTERNATE FLELS [
THIS New 4-orLiNper | we wiL present i Jf | 59 — fj @Sﬁiﬁ ?é%ég foigu'f:frj
ENGINE IS TRULY || TO THE WHOLE WORLD 2500 CHARCOAL CASIFIERS
REVOLUTIONARY FOR | AT THE LINIVERSAL ~ - ’
THE AUTOMOBILE. || EXHIBITION IN PARIS! s - _ BETWEEN 1940 AND 1544,

IN 1872, WITH GOTTLIEB DAIMLER, OTTO
STARTED THE "GASMOTOREN-FABRIK
DeEUTZ AG" FROM WHICH THE DAIMLER,
MERCEDES-BENZ AND BMW COMPANIES
WERE BORN.

THE GAS FLEL IS
ADMITTED HERE AND DRAWN
BY VALVES.




BY THE END OF THE 19™ CENTLIRY, GAS

WAS AN INTEGRAL PART OF DAILY LIFE.

I."II
wlll
U T

H  GAS WAS LISED IN WORKSHOPS
AND LALUNDRIES AND POWERED



. | | ; IN FAMILY HOMES, GAS
P = Rk PROVIDED LIGHT AND HEAT
— 1} AND WAS LISED IN THE

KITCHEN AND THE BATH...
— B e
—— 14— | \ o

= AND GAS WAS USED IN SHOPS,

RESTAURANTS, HAIR SALONS, BAKERIES,
AND MORE!




S P s ")
AT THE END OF THE 19™ CENTLIRY, CARL VON LINDE,
A GERMAN ENGINEER, USED THE STUDIES OF SEVERAL
SCIENTISTS TO DEVELOP THE TECHNOLOGY TO LIQUEFY
GAS CRYOGENICALLY.

IN 1873, HE INVENTED THE
REFRIGERATING COMPRESSION
ENGINE.

BY LUSING AMMONIA AS A
REFRIGERANT, | AM ABLE
TO GET MUCH LOWER
TEMPERATURES.

HIS INVENTION WOULD TO THINK THAT IN MY FATHER'S TIME,
TRANSFORM BREWERIES, _ THE ONLY WAY TO KEEP BEER FRESH
ALLOWING FOR FERMENTATION WAS TO PLANT CHESTNUT TREES ABOVE
AT LOW TEMPERATLIRES AND | THE CELLAR!

THE STORAGE OF BEER.

A CONTEMPORARY OF LINDE BY THE NAME OF
KASTNER INVENTED THE PYROPHONE IN 1836 AN
ORGAN RUN ON COKE GAS. TODAY ONLY TWO EXAMPLES
SLURVIVE, ONE IN NEW YORK AND ONE IN KASTNER'S

NATIVE STRASBOLUIRG.

AFTER 1884, LINDE
CONTINUED TO EXPLORE
THE WORLD OF VERY
LOW TEMPERATURES.
HIS MACHINE TO LIGUEFY
AIR RECEIVED THE j |
GRAND PRIZE AT THE _A |
UNIVERSAL EXPOSITION |,
IN PARIS IN 1900.

LINDE'S WORK WAS ALSO | § Sy THANK GOODNESS, | NO LONGER
THE STARTING-POINT FOR | HAVE TO GET BLOCKS OF ICE TO
THE FIRST DOMESTIC - KEEP THINGS FRESH!
REFRIGERATOR, WHICH \
APPEARED IN THE LINITED
STATES IN 1913. AMONG
THE MANY APPLICATIONS
OF CRYOGENICS 18
THE POSSIBILITY OF
TRANSPORTING LIQUID
NATURAL GAS OVER LONG | | ;
DISTANCES. _ /} . —X
THE FLAME HEATS THE AR IN THE
TUBES, CAUSING THEM TO SOLIND.
BY ADJUSTING THE FLOW OF EACH
NOZZLE, WE CAN GET TWO OCTAVES.




— — . R MANUFACTURED GAS LIT
- ¥es ::'— = GREAT CITIES...

DURING THE EARLY YEARS OF THE TWENTIETH CENTLURY, | B g T -
A FLOURISHING GAS INDUSTRY DEVELOPED IN THE UINITED | ¥ 0 i
STATES. MOST COMPANIES FOCUSED ON THE PRODUCTION OF |~ o - '
MANUFACTURED GAS FROM COAL AND OIL. - .

..AND WAS PART OF THE l THE AMERICAN GAS ASSOCIATION
RHYTHM OF DAILY LIFE. B WAS FORMED IN JUNE 1918 TO
IMPROVE SAFETY AND PROVIDE
: INFORMATION ON TRENDS, ACTIVITIES,
- AND STRATEGIES ON HOW TO
IMPROVE GAS COMPANIES. TODAY
IT REPRESENTS LOCAL ENERGY
COMPANIES THAT DELIVER CLEAN
A LITTLE MORE HEAT, | NATURAL GAS TO 957% OF RESIDENTIAL,
THINK... LET ME TURN COMMERCIAL AND INDUSTRIAL
t- UpP THE GAS. NATURAL GAS CUSTOMERS IN THE U.S.

L~ - IN 1941, JUST BEFORE THE U.S.
\ s ENTERED WORLD WAR [, MANY
I e — | AMERICAN GAS COMPANIES CAME
1 TOGETHER TO FORM THE INSTITUTE
OF GAS TECHNOLOGY (IGT),
b e PREDECESSOR TO GAS TECHNOLOGY
INSTITUTE (GTI). BASED IN CHICAGO,
IT WAS FOCUSED ON EDUCATION AND
RESEARCH INTO GAS TECHNOLOGY.

| v [l
TODAY, GTI CONTINUES TO TRAIN
= ENGINEERS AND EXPLORE NEW
| POSSIBILITIES FOR NATURAL GAS.

THE FIRST MASTER'S DEGREE
IN GAS TECHNOLOGY WAS
AWARDED TWO YEARS LATER!

i
INSTITUTE O

GAS
TECHNOLOGY

OUR WORK WILL
ADVANCE SCIENTIFIC
DISCOVERY...

...AND MAKE A DIFFERENCE
IN PEOPLE’S LIVES!
EVERYONE USES NATLIRAL
GAS, WHETHER THEY
REALIZE IT OR NOT!

-

LET’S TRY IT ONE MORE
TIME... | THINK WE'RE
ON THE VERGE OF A
BREAKTHROUGH HERE!

2



IN THE YEARS FOLLOWING WORLD WAR II, MANUFACTLRED STEEL WAS LISED TO REPLACE WROUGHT OR CAST IRON PIPES.
GAS FROM COAL WAS GRADUALLY REPLACED BY NATURAL =T
GAS. THE UINITED STATES STOPPED MANUFACTURING
COAL GAS IN THE 19608.

ONLY 500

T Wa MILES TO 60! |-

THE ERA OF COAL IS
ENDING. NATURAL GAS
IS CLEANER AND MORE

ABLINDANT.

THE GAS INDUSTRY BECAME A PIONEER
IN FUEL CELL RESEARCH.

A FUEL CELL ALLOWS US TO
CONVERT FUEL DIRECTLY INTO

IN THE 19508 AND 19608, NEW TECHNOLOGIES HELPED ADVANCE THE ENERGY!

NATURAL GAS INDUSTRY. COMPUTERS WERE LSED AS EARLY AS 1955 TO
HELP WITH THE DESIGNING OF SYSTEMS FOR GAS DISTRIBUTION.

USING THE LATEST TECHNOLOGY, IGT CREATED IN 1970, THE BLUE FLAME - A ROCKET-POWERED VEHICLE FLIELED
THE ETERNAL FLAME AT THE GRAVE OF JOHN F. BY LNG - WAS CLOCKED AT 622 MILES PER HOUR, A WORLD
KENNEDY IN ARLINGTON NATIONAL CEMETERY-- RECORD WHICH STOOD FOR 13 YEARS.

POWERED BY GAS.
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2 | FOCUSED ATTENTION ON Li.S. DEPENDENCE ||
CLOSED & ON FOREIGN ENERGY SOLIRCES.

OUT OF

|

SORRY, WE
ARE OUT OF
GASOLINE!

ENERGY INDEPENDENCE BECAME PLBLIC
POLICY, AND MID-DECADE, VARIOUS
FEDERAL GOVERNMENT AGENCIES WERE

CONSOLIPATED INTO THE U.S. DEPARTMENT = GAS RESEARCH
OF ENERGY. Bt INSTITUTE (GRI) WAS

CREATED TO MANAGE
1 NATURAL 6AS R&D FOR
THE ENTIRE INDUSTRY.

ok

SOME OF GRI'S
RESEARCH FOCUSED
ON NEW SLPPLIES OF |
NATLIRAL GAS FROM g
UNCONVENTIONAL
RESOURCES.

PROTECTION OF THE ENVIRONMENT WAS OF UTMOST IMPORTANCE, AND
IN 1987, PRESIDENT REAGAN SIGNED THE NATIONAL APPLIANCE ENERGY ik .
CONSERVATION ACT, WHICH REQUIRED MANUFACTURERS TO IMPROVE { o
THE ENERGY EFFICIENCY OF APPLIANCES. '

§ 3 [T 7

-

THE RESULT WAS A BURST OF CREATIVITY, AS COMPANIES
WORKED TO IMPROVE THEIR PRODUCTS, INCLUDING THE
FIRST MAJOR INNOVATIONS IN HOME FURNACES IN MORE
THAN TWO DECADES.

)

THAT SPIRIT OF INNOVATION
ALSO INFORMS AN
EXTRAORDINARY PROGRAM AT
THE ALTAMONT LANDFILL IN

— _ a4 - " || CALIFORNIA, WHERE BIOGAS
= -8 o kst Al ! 3 E'E L|  FRom THE LANDFLLL I

CAPTURED, PURIFIED, AND USED
TO POWER A FLEET OF TRASH
e HAULERS, SAVING 2.5 MILLION
SR GALLONS OF DIESEL FLEL
- 2 AND 30,000 TONS OF GHC
EMISSIONS - EVERY YEAR.
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THE LARGEST LNG (LIQUID NATURAL GAS) CARRIERS IN THE WORLD, THE Q-MAX, ARE ABOUT 375 YARDS LONG - THAT'S AROUND THE
LENGTH OF THREE FOOTBALL FIELDS PLACED END TO END! THEY CAN CARRY AROUND 9,430,000 CLBIC FEET OF LNG, EQUIVALENT TO

THE CONSUMPTION OF A LARGE CITY FOR AN ENTIRE YEAR.

1) GAS LIQUEFIED AT A
TEMPERATURE CLOSE
TO -258 DEGREES
FAHRENHEIT TAKES
up 600 TIMES LESS
SPACE THAN GAS IN ITS
NATURAL STATE.

. RN = = o =

| — =~ M
—

2) ON THE MOST MODERN GAS
CARRIERS, THE GAS VAPORIZING
FROM THE LNG TANKS I8 LUSED TO

PROPEL THE SHIP.

3) GAS CARRIERS ACCOLNT FOR
THE TRANSPORT OF ABOUT 10% OF
ALL NATURAL GAS.




S) LIQUID GAS IS STORED IN CRYOGENIC
TANKS BEFORE BEING RECASIFIED,
OPORIZED, AND PUMPED INTO THE

TRANSPORTATION NETWORK. NATLIRAL

GAS IS ALMOST ODORLESS. THE ODOR IS

ADDED FOR SAFETY, SO THAT LEAKS CAN

BE DETECTED QUICKLY.

CONNECT TO THE TANKS TO
PUMP THE LIQUID GAS ON AND
OFF THE SHIP.
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JUST AS RESEARCH WAS ABOUT TO BE ABANDONED IN 1969,
PHILLIPS PETROLEUM DISCOVERED ONE OF THE LARGEST OIL
AND GAS DEPOSITS IN EKOFISK IN THE NORTH SEA,
186 MILES OFF THE COAST OF NORWAY. THESE
UNDERWATER RESERVES ARE ESTIMATED AT MORE THAN
5800 BILLION CLBIC FEET.

THE OFFSHORE ENVIRONMENT IS THE ENGINEERS AND CREW SPEND SEVERAL
ROUGH AND DANGEROUS: VIOLENT : WEEKS AT A TIME ON THE PLATFORM.
WINDS, POWERFUL WAVES AND
CURRENTS, LOW TEMPERATURES, [
AND FREQUENT STORMS. ¥

IT LOOKS LIKE THE NEXT CREW
WON'T BE ARRIVING TODAY. THEY'RE
ALREADY THREE DAYS LATE.

SEMI-FIXED PLATFORM 3 SEMI-SUBMERSIBLE PLATFORM
(UP TO 1640 FT De€EP) 2 F (UP TO 3280 FT DEEP)

THERE ARE THREE TYPES
OF OFFSHORE DRILLING
PLATFORMS: THE FIXED

PLATFORMS REST DIRECTLY
ON THE OCEAN FLOOR.

SEMI-FIXED PLATFORMS
HAVE RETRACTABLE FEET
AND CAN BE MOVED TO
DIFFERENT LOCATIONS.

SEMI-SLBMERSIBLE [
PLATFORMS REST ON ] b oo |
BALLASTS AND ARE HELD IN T

PLACE BY ANCHORS. F‘XED PLATFORM
(P TO 330 FT DEEP)

TODAY, GAS FROM
EKOFISK IS PUMPED |
TOWARDS THE COAST |

OF GERMANY BY A

248-MILES
UNDERWATER PIPELINE

CONNECTED TO THE

ELROPEAN GRID.

*

|

T




LARGE DEPOSITS HAVE BEEN DISCOVERED IN SIBERIA, MAKING RUSSIA ONE OF
THE LEADING SUPPLIERS OF NATURAL GAS TO ELIROPE.

e i =i i = - C e
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UNTIL THE AUSTRIAN AND FRENCH NETWORKS WERE CONNECTED
IN 1979, THIS SOVIET GAS WAS TRADED FOR DUTCH GAS INTENDED FOR ITALY!

THIS GAS HAS COME A LONG
WAY, FROM CZECHESLOVAKIA,
ALISTRIA, AND GERMANY...!

NATURAL GAS SUPPLIED
| BY PIPELINES IS STORED
| IN HUGE TANKS UNTIL IT
| I8 DECOMPRESSED AND
ﬁ SENT OUT THROUGH THE
siil] REGIONAL NETWORK.

NATURAL GAS COMES FROM MANY SOURCES AROUND THE
WORLD. NIGERIA HAS THE LARGEST RESERVES ON THE
AFRICAN CONTINENT AND IS ONE OF THE FIVE LARGEST
EXPORTERS OF LIQUID NATURAL GAS IN THE WORLD.
THE MAJORITY OF THE GAS IS PRODUCED ON THE

AMENAM AND AKPO FLOATING LINITS.

QATAR I8 ANOTHER MAJOR
NATURAL GAS PRODUCER. IN FACT,
THE PORT OF RAS LAFFAN, S0
MILES NORTH OF DOHA, IS THE
WORLD'S LARGEST CENTER FOR

THE EXPORT OF NATLIRAL GAS.

AUSTRALIA CONTINUES TO MOVE
TOWARDS A LEADERSHIP POSITION
IN THE WORLD LNG PRODUCTION
AND EXPORT INDUSTRIES.

THE U.S. IS CURRENTLY THE
WORLD'S LARGEST PRODLICER AND
CONSUMER OF NATURAL GAS.

SINCE 1929, THE TOTAL COMPANY
HAS BEEN OPERATING IN THE
UNITED ARAB EMIRATES, WHICH
WAS THE FIRST COUNTRY IN
THE MIDDLE EAST TO EXPORT
NATURAL GAS.

-




BECAUSE IT WAS SO MUCH EASIER TO COLLECT CONVENTIONAL NATURAL
GAS, SHALE GAS WAS LARGELY FORGOTTEN FOR GUITE SOME TIME. BUT
IN THE EARLY 19808, COLLABORATIVE RESEARCH BROUGHT TOGETHER
INDUSTRY AND ACADEMICS TO DEVELOP NEW TOOLS AND TECHNOLOGIES
TO MAKE PRODUCTION OF UNCONVENTIONAL SHALE GAS, COALBED
METHANE, AND TIGHT GAS SANDS MORE COST EFFECTIVE.

IT WAS IN 1821 IN FREDONIA, NEW YORK, THAT
WILLIAM HART DISCOVERED WHAT WOULLLD LATER
BE CALLED SHALE GAS, IN A LAYER OF SHALE

ABOUT 30 YARDS LINDERGROLIND.

IN 1991, GRI RESEARCHERS WORKED WITH GEORGE MITCHELL AND
MITCHELL ENERGY TO DRILL A HORIZONTAL WELL IN THE BARNETT
SHALE AND STIMULATE IT WITH NEW TECHNOLOGY.

EXCITING CHANGES ARE
ON THE HORIZON WITH
THE NEW LNDERSTANDING
THAT RESEARCH IS
PROVIDING.

CAN YOU BELIEVE THAT THE STELLA
YOUNG WELL PRODUCED THREE TIMES
MORE GAS THAN ANY OTHER WELL
BEFORE? WHAT A BREAKTHROUGH!

o e e T

g o WG Aap o il Gt Moy
and Thake Fioys

A DECADE LATER, HYDRALLIC FRACTURING WAS COMBINED WITH
HORIZONTAL DRILLING TO FURTHER IMPROVE PRODUCTIVITY. THIS
PIVOTAL POINT IN THE U.S. SHALE GAS EVOLUTION TRULY KICKED OFF
SHALE PRODUCTION AND TRANSFORMED THE ENERGY INDUSTRY.

ON AVERAGE, EVERY HORIZONTAL WELL OF ABOUT
1 YARD REQUIRES AROUND 10,600 CUBIC FEET OF
WATER, MORE THAN ©6,000 POLINDS OF SAND
5(‘ AND 0.5% OF ADDITIVES: BIOCIDES, LUBRICANTS,
DETERGENTS.

T —

= SHALE GAS

TO RELEASE THE GAS FROM THE IMPERMEABLE
BEDROCK, IT IS NECESSARY TO DRILL VERTICALLY DOWN
TO THE SHALE LAYERS, WHICH ARE LOCATED 1795 TO
3500 YARDS AND DEEPER LINDERGROUND. THEN DRILLING
IS DONE HORIZONTALLY. THE ROCK IS FRACTLRED BY A
HIGH PRESSURE INJECTION OF A MIXTURE OF WATER
AND SAND. THIS HYDRALILIC FRACKING TECHNIGUE HAS
BEEN USED EXTENSIVELY IN NORTH AMERICA SINCE THE

BEGINNING OF THE ZIST CENTLIRY.

I8 USUALLY LESS THAN 10%. TODAY'S 6AS PRODUCERS ARE LOOKING
AT WAYS TO OPTIMIZE HYDRAULIC FRACTURING TO IMPROVE RECOVERY

RATES, MINIMIZE ENVIRONMENTAL IMPACTS, AND ELIMINATE THE NEED
FOR THOUSANDS OF WELLS.
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THE EXPLOITATION OF SHALE GAS
HAS PROVOKED STRONG OPPOSITION, IT uses T00
AROLND THE WORLD. ‘ MUCH WATER! IT
S | AN POLLUTE OUR |
' GROLINDWATER!

SHALE GAS, COMPOSED MAINLY OF METHANE,
ACCOUNTS FOR ONE-THIRD OF THE EARTH'S TOTAL
RESERVES OF NATURAL GAS. CHINA, ARGENTINA,
| ALGERIA AND THE UINITED STATES HAVE THE

| LARGEST DEPOSITS OF SHALE GAS.

I i B £ ]

NO MORE
FRACKING!

SIGNIFICANT RESEARCH HAS BEEN
PERFORMED IN THE U.S. TO ASSESS
HYDRAUILIC FRACTURING SAFETY. AN
IN-DEPTH STUDY BY THE EPA ON THE
IMPACT OF FRACTURING RELATIVE TO

GROLUNDWATER AND THE ENVIRONMENT IN

GENERAL CONCLUDED THAT WHILE THERE IS

SOME ENVIRONMENTAL IMPACT, HYDRAULIC
FRACTURING IS EFFECTIVE AND SAFE.

e rr CreTE A

] ——— e =

GOVERNMENT
PROHIBITED FRACKING ON
FRENCH SOIL.

SN SES L

1T — o |

IN A 2015 PROJECT ON A HYDRALLIC FRACTURING ALTERNATIVE TECHNIGUES, SLCH AS DRY
TEST SITE (HFTS), GT| COMPLETED AR AND FRACKING WITH HOT HELILM, ARE NOT
GROUNDWATER QUALITY EVALUATIONS. RESLLTS YET OPERATIONAL. THE LINITED STATES
ON LOCAL AIR EMISSIONS CONCENTRATIONS, AND IN PART, WITH SHALE GAS.
© 1| ANALYSIS OF WATER QUALITY DID NOT FIND ANY TRACE
m OF HYDROCARBON-RELATED COMPOUNDS OVER THE
= LIFE OF THE PROJECT.




HUGE GAS RESERVES ARE REGLILARLY DISCOVERED, BUT WITH
INCREASINGLY DIFFICULT OPERATING CONDITIONS. IN 1988, A
RESERVE OF 1,377,000 BILLION CUBIC FEET OF NATLRAL GAS
WAS DISCOVERED AT STOCKMAN IN THE ARCTIC CIRCLE, ABOUT
375 MILES FROM MURMANSK. IN THIS HOSTILE ENVIRONMENT
WITH MANY ICEBERGS, EFFORTS TO ACCESS THE GAS HAVE BEEN
TEMPORARILY ABANDONED.

IT's CRAZY! THE PLANT WHERE WE
WORK IS BUILT ON 80,000
PILINGS EMBEDDED IN
PERMAFROST. IN WINTER, IT IS
DARK FOR THREE MONTHS AND
WE WORK LUNDER A SPOTLIGHT, IN
MINUS Y0 DEGREE TEMPERATLIRES.
BUT DO NOT WORRY, DARLING,
EVERYTHING IS FINE...

IN THE YAMAL PENINSLLA, ABOUT 1550 MILES FROM MOSCOW AND 370 MILES NORTH OF
THE ARCTIC CIRCLE, RUSSIAN, FRENCH, AND CHINESE COMPANIES BEGAN WORKING
TOGETHER IN LATE 2013. THEY HAVE DRILLED 250 WELLS AND BUILT A LIQUEFACTION PLANT
THAT WILL SUPPLY MORE THAN 18 MILLION TONS OF LNG PER YEAR TO ELIROPE AND ASIA.
THE GAS WILL BE TRANSPORTED BY IS ICE-BREAKING LNG CARRIERS.

THE DEEP SEABED HOLDS 8% OF THE WORLD'S GAS RESOURCES AND IT
IS ESTIMATED THAT TWO-THIRDS OF DEEP OFFSHORE RESERVES ARE YET
TO BE DISCOVERED. GIANT FIELDS ARE LOCATED OFF WEST AFRICA,
SEVERAL HUNDRED MILES FROM THE COAST AND AT DEPTHS OF UP
TO 3,280 YARDS AND MORE.

D 3 ﬁ' ”i':-‘; L
SUBSEA PUMPING INSTALLATIONS ARE LNDER INTENSE PRESSURE AND THE PUMPED HYDROCARBONS
ARE CORROSIVE. GAS COMPANIES HAVE BECOME WORLD SPECIALISTS IN DEEPWATER EXPLORATION

AND EXPLOITATION.

— - - P
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THERE IS A CONSTANT SEARCH FOR NEW FORMS OF ENERGY, ESPECIALLY RENEWABLE ENERGY. BIOGAS IS ONE SLICH ENERGY. IT IS
PRODUICED FROM THE FERMENTATION OF ORGANIC MATTER BY BACTERIA IN THE ABSENCE OF OXYGEN. BIOGAS, COMPOSED OF METHANE,
[ CARBON DIOXIDE AND HYDROGEN SULPHIDE, IS EITHER BURNED TO PRODUCE HEAT AND/OR ELECTRICITY, OR PURIFIED TO EXTRACT THE [
METHANE WHICH CAN THEN BE PUMPED INTO NATURAL GAS NETWORKS AND LISED AS FLEL. THE MARKET FOR THIS 1007% RENEWABLE

"GREEN GAS” CONTINLES TO GROW.

— T

1 - COLLECTION AGRO-INDUSTRIAL
WASTE
- R

[ 2 - METHANIZATION | =

= G . INPUT STORAGE

DITCH STORAGE OF =" o o % & sl b
THE DIGESTATE :

[ 2- TRANSFORMATION |

WASTE FERMENTATION

GAS CLEANING AND ' THROUGH HEAT INTAKE

OPORISATION

Ty

COMBUSTION . -

ELECTRICITY =

Y - WASTE RECOVERY

~ BOFlEL

ALL ACROSS THE LINITED STATES,
EFFORTS ARE BEING MADE TO TAKE
ADVANTAGE OF THE POTENTIAL OF
BIOGAS.

THE GAS CONTENT WOLLLD BE
HIGHER IF THE DISCHARGE WAS
MORE WATERTIGHT.

TODAY, MILLIONS OF
HOUSEHOLDPS AROLIND
THE WORLD ARE SUPPLIED |8
WITH BIOGAS. “LANDFILL
GAS” ACCOUNTS FOR
ABOUT 0.6% OF THE
TOTAL NATURAL GAS
CONSUMPTION IN THE
UNITED STATES

| IN VERMONT, TEXAS, AND KANSAS,
MAJOR EFFORTS ARE LINDERWAY TO
PRODUCE BIOGAS FROM MANLIRE
AND FARM WASTE.

IT'S NOT AN ISSUE! THE BURNING
OF BIOGAS PRODUCES 23 TIMES
LESS GREENHOUSE EFFECT
THAN FREE METHANE. AMAZING,
ISN'T IT?

WHAT ABOUT
POLLUTION?

3l



"SMART GRIDS" ARE NETWORKS OF
ELECTRICITY, GAS, AND HEAT AND
COLD WHICH ARE COORDINATED WITH
INFORMATION AND COMMUNICATION
TECHNOLOGIES (ICT). THESE NETWORKS
WILL ULTIMATELY BE INTERCONNECTED.
SMART GAS DISTRIBUTION NETWORKS
ARE REFERRED TO AS
"SMART GAS GRIDS".

...OMART GAS GRIDS MAKE IT POSSIBLE TO
CONTROL THE QUALITY OF BIOGAS AND SYNGAS
FOR GREATER EFFICIENCY...

YES MA'AM, THIS METER WILL AUTOMATICALLY
TRANSMIT DETAILED INFORMATION ON YOUR
USE OF GAS AND YOUILL RECEIVE AUTOMATIC
TIPS AND ALERTS TO HELP YOU REDUCE YOUR

CONSUMPTION.

THIS NEW GAS BOILER FOR YOUR HOME WILL HAVE
A BUILT-IN SMART THERMOSTAT THAT CAN BE
CONTROLLED REMOTELY VIA YOUR TABLET OR

SMARTPHONE.




WIND ENERGY 1S

ANOTHER RENEWABLE Yoy 3
ENERGY SOLIRCE. A "POWER TO GAS" IS AN INNOVATIVE SOLUTION FOR TRANSFORMING
BECAUSE THE y AND STORING RENEWABLE ENERGIES. SURPLUS ELECTRICITY IS USED

STORAGE CAPACITY OF TO PRODUCE HYDROGEN BY ELECTROLYSIS OF WATER. STORED OR
ELECTRICITY IS LIMITED, \ i _ TRANSFORMED, HYDROGEN CAN THEN BE LSED IN DIFFERENT WAYS:
IT IS NECESSARY TO f
STOP WIND TLRBINES
AT TIMES TO PREVENT
OVERPRODUCTION.

Tl

o Choygen

P oL

= 1 FlUeL ceLLs

CONVERTING

HYDROGEN TO
ELECTRICITY CAN BE |

CONNECTED TO THE | .
ELECTRICAL GRID. |*

NOT REALLY. THIS IS
ONE WAY TO STORE
ELECTRICITY WHEN IT
PRODUCES TOO MUCH.

: ﬁ INTO HYDROGEN JUST SO IT CAN TURN
INTO ELECTRICITY AGAIN? IT’S SILLY!

|

2) OTHER PLACES ARE EXPERIMENTING WITH THE DIRECT INJECTION OF
HYDROGEN INTO THE NATLIRAL GAS NETWORK, IN ORDER TO INCREASE ITS
HEATING POTENTIAL FOR DOMESTIC LUSES AND CITY BLSES. MAKE THE GAS FOR
1 - OUR STOVE AND WATER
|I . e ; il HEATER.

e

THAT'S WHERE THEY

AR B

WHAT'S IN THAT WHITE
CUBE, MOM?

=
ol T

3) IN THE FUTURE, POWER TO GAS PROJECTS CONNECTED TO THE NATLIRAL /1
GAS NETWORK WILL OPEN LUP NEW HORIZONS FOR NATLRAL GAS BY 2030. -

";-.: HaeCOa_.  Eecwcty "i‘ ]
(eean

POWER T GAS

oy . I -ﬁq'- £ HYDROGEN COMBINED WITH THE CARBON
i3 DIOXIDE RECOVERED FROM THE DISCHARGES OF
Eg A NEIGHBORING FACTORY BECOMES SYNTHETIC

e

_ - kil METHANE, THE PROPERTIES OF WHICH ARE

— IDENTICAL TO NATURAL GAS: THIS IS CALLED | ~mmee
2 — METHANATION. R

— - —

= -

k] =



DURING THE LAST DECADE, IDENTIFIED RESERVES
OF NATLIRAL GAS HAVE INCREASED 30% WORLDWIDE.
IN ADDITION TO THE RESERVES OF THE DEEP
SEABED (SEE PAGE 32), OTHER DEPOSITS ARE
BEING EXPLORED OR DEVELOPED. THE ALTERNATIVE
TECHNIQUE OF PROPANE FRACKING BE A WAY TO
COLLECT SHALE GAS WITHOUT RESORTING TO THE
HIGHLY CONTROVERSIAL HYPRAULIC FRACKING.

IN CANADA, GASFRAC IS ALREADY LSING FROZEN
PROPANE FRACKING IN SEVERAL HUNDRED WELLS.
PROPANE HAS A BETTER YIELD THAN WATER BUT IS
HIGHLY FLAMMABLE AND MUST BE HANDLED WITH
GREAT CAUTION.

THE COST OF PRODUCTION
I8 TOO HIGH AT THIS POINT,
BUT WE ARE CONTINUING
RESEARCH IN THIS AREA.

NE,
WHICH 1S NON-FLAMMABLE AND
1007% RENEWABLE.

b

THE RISKS OF POLLUTION AND
THE RELEASE OF GREENHOUSE
GASES, HOWEVER, HAVE
CREATED STRONG OPPOSITION
AND MISTRUST.

AT VERY GREAT DEPTH, THERE ARE DEPOSITS OF COAL GAS
IN QUASI-LIQUID FORM. AUSTRALIA HAS BEEN COLLECTING
THIS “CARBON GAS” SINCE THE 20008. IN OTHER AREAS,

EXPLORATORY DRILLING HAS BEEN AUTHORIZED.

THEY CLAIM THEY ARE NOT USING
HYDRAULIC FRACKING, BUT WE WANT
PROOF!

THE SEABEDS, FROZEN ARCTIC SOILS, AND SOME
OTHER LOCATIONS CONTAIN CONSIPERABLE RESERVES
OF METHANE HYDRATE, WHICH BECOMES VERY
UNSTABLE WHEN IT IS NOT SUBJECTED TO HIGH
PRESSURE AT VERY LOW TEMPERATLIRES.

IT HAS THE CONSISTENCY OF ICE.
SOME CALL IT “BURNING ICE.”

AFTER THE
FUKLSHIMA h
DISASTER, JAPAN ]
PLANS TO REPLACE
NUCLEAR POWER
WITH METHANE
HYDRATES.

FIFTY MILES OFF THE
ATSUMI PENINSLILA,
THE DRILL SHIP CHIKYU
MANAGED TO EXTRACT
METHANE FROM THESE
HYDRATES, WITHOUT
REMOVING THEM FROM
THE SEABED.




GLOBAL ENERGY NEEDS WILL I'
GROW BY 30 TO SO PERCENT
BY 2030, ACCORDING TO
THE INTERNATIONAL ENERGY
AGENCY. BY THAT TIME,
NATURAL GAS WILL REPRESENT
257, OF THE TOTAL
ENERGY MIX.

T

RESOLRCES ARE ALSO INCREASING: IN 2030, 10% OF THE GAS BIOMETHANE PRODUCTION SITES CONTINUE TO INCREASE.
CONSUMED WILL BE FROM RENEWABLE SOLIRCES. BY 2050, SOME
COUNTRIES HOPE TO RELY EXCLUSIVELY ON RENEWABLE ENERGY.

TOMORROW I8 MY GRANDFATHER'S 100™
BIRTHDAY. WHEN HE WAS BORN IN 1951, YES, TODAY WE ONLY
GAS WAS STILL MADE WITH COAL. PRODUCE RENEWABLE GAS.
CAN YOU IMAGINE? -

BIOMETHANE WILL EVENTUALLY BE ABLE TO FLEL '
e oW = LIGNO-CELLULOSIC MATERIAL (WOOD, STRAW). THE THIRD GENERATION WILL
W s 4 LS. LEADER IN REDUCING GREENHOLSE GAS BE BUILT ON MICRO-ALGAE IN A CONFINED ENVIRONMENT By 2030. THE
| EmissIONS. THERE, MORE THAN 50% OF AL NATLRAL BIOMETHANE RESULTING FROM THE AGRICULTURAL SECTOR WILL REPRESENT
GAS VEHICLES (NGVS) ARE LISING BIOMETHANE. AN INCREASING PERCENTAGE OF THE "

‘I--

IT’8 NICE NOT TO
BREATHE THE GASOLINE
VAPORS WHEN | FILL
THE TANK.

WE STILL NEED TO DEVELOP MORE
ENERGY-EFFICIENT SYSTEMS TO ENSURE
THE ECONOMIC VIABILITY OF ENERGY
PROPUCTION.




NEew DELHI, THE CAPITAL OF INDIA, WITH A 3 |
POPULATION OF 16 MILLION, IS ONE OF THE MOST : T —] i |

POLLUTED CITIES IN THE WORLD. THE INDIAN ' '
GOVERNMENT [S COUNTING ON NATURAL GAS TO
—J LIMIT POLLUTION. IN 1998, THE SUPREME COLRT 4
= OF INDIA RULED THAT ALL PUBLIC TRANSIT VEHICLES |- 1 tiad
- BUSES, TAXIS, RICKSHAWS - HAD TO RUN ON
— COMPRESSED NATURAL 6AS (CNG).

How MUcH TO

| THe DeLHI TRANSPORT CORPORATION HAS THE | 8 T Wow! LOOk AT THE NEW
: , : 60 TO OLD

WORLD'S LARGEST FLEET OF “GREEN" BUSES | || RICKSHAW LINVEILED AT THE [
RUNNING ON NATLRAL GAS. LATEST AUTO SHOW.

IN 2016, A CNG STATION WAS INSTALLED -
AT ROHTANG PASS IN NORTH INDIA, AT AN RAFFIC, A‘;‘—' THE WAY
ALTITUDE OF MORE THAN 13,000 FEET. UP HERE! | CAN'T

BELIEVE IT!

\ CAR TRAFFIC AND INDUSTRIAL EMISSIONS ARE LIMITED IN A 12,000 SGQUARE YARD
\ AREA AROUND THE CITY OF AGRAM, ABOUT 125 MILES FROM DELHI.
THE TAT MAHAL I8 ACCESSIBLE ONLY TO VEHICLES RUNNING ON NATLIRAL GAS.

CAN YOU IMAGINE THE
COLOR AND CONDITION OF
THE BUILDING IF THIS BAN
X ON DIESEL WERE NOT IN
\ PLACE?




WE ARE GOING TO HAVE TO DEVELOP JUST ONE OF THESE
SPECIAL LNG LOADING STATIONS — NEW SHIPS WILL BE
AT THE PORTS IN ORDER TO SUPPLY | ABLE TO CARRY 6,600
THESE BEHEMOTHS WITH GAS. PASSENGERS!

NATURAL 6AS, LIGUEFIED OR
COMPRESSED, IS THE MOST
ECOLOGICAL SOLUTION FOR
MOBILITY BY LAND, SEA AND
AIR. THE AMERICAN CARNIVAL
CORPORATION, THE WORLD'S
LEADING LINE OF CRUISE
8HIPS, HAS ALREADY ORDERED
SEVEN OCEAN LINERS FULLY
POWERED BY LNG.

AR
| TRANSPORTATION, EXPERIMENTS
HAVE ALREADY SHOWN THE
FEASIBILITY OF COMMERCIAL
FLIGHTS USING LNG AS FLIEL.
IN THE FUTURE, IT MAY REPLACE
KEROSENE ON AIRPLANES.

IN THE LINITED STATES, GAS-POWERED TRUCKS
CAN TRAVEL MORE THAN 930 MILES WITHOUT
HAVING TO REFILL THE TANK.

=

MORE AND MORE COMPANIES ARE SWITCHING TO TRUCKS AND i
BUSES POWERED BY NATURAL GAS. THESE VEHICLES OF THE FUTURE |
PRODUCE 307% LESS CARBON DIOXIDE EMISSIONS AND REDUCE FINE
PARTICLES BY 95%.

,
N

IT 18 4 PM AND YOU'RE LISTENING TO NEWS
RADIO... GOVERNMENT OFFICIALS ANNOUNCED
TODAY THAT BY 2050, 75% OF NATURAL GAS
WILL BE GREEN GAS, RESULTING FROM THE
METHANISATION OF ORGANIC WASTE, WITH AN
ALMOST NEUTRAL IMPACT ON
THE ENVIRONMENT...

e i
1!!‘[‘;;. :
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ABLINDANT RESOLIRCES ARE STILL AVAILABLE. HOWEVER, IT IS
STILL ESSENTIAL TO MONITOR GAS CONSUMPTION AND WORK TO

PREVENT ENERGY LOSSES...
s T

N

THESE EXPERIMENTAL
DRONES ARE EQUIPPED WITH
A THERMOGRAPHY DEVICE TO

DETECT PLACES WHERE HEAT IS

...EVERYONE CAN HELP WHEREVER THEY
ARE. BUILDINGS, BOTH INDUSTRIAL AND
RESIDENTIAL, ARE RESPONSIBLE FOR 50% OF
THE WORLD'S ENERGY WASTE.

BEING WASTED.

YOUR STATE-OF-THE-ART BOILER CAPTURES
THE FUMES PRODUCED BY THE COMBUSTION
OF THE GAS. IT THEN RELEASES HEAT BY
CONDENSING THE WATER VAPOR IN THE FUMES.

COMPANIES ARE WORKING
TO IMPROVE THEIR ENERGY
EFFICIENCY.

-  GOOD INSULATION NOT ONLY
—| REDUCES CO; EMISSIONS, BUT ALSO
LOWERS ENERGY CONSUMPTION. l

T e

MOMm, MOM, IF YOU PUT A LID
ON THE PAN IT WILL HEAT UP
FASTER!

HIGH-EFFICIENCY,
LOW-NOy BURNERS
AND SYSTEMS IN
RESTALURANTS CONTROL
EMISSIONS, SAVING
ENERGY AND IMPROVING
FOOD QUALITY.

YOU'RE RIGHT! WE MUST ALL
BE CAREFUL NOT TO WASTE
ENERGY.

..AFTER ALL, EVEN THOUGH |
THERE ARE MANY RESOURCES
AVAILABLE, WE STILL HAVE
THE RESPONSIBILITY TO
ENSLIRE RESERVES FOR
FUTURE GENERATIONS.
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THE STORY OF GAS STRETCHES ACROSS MILLENNIA.
IT BEGINS WITH ANCIENT CIVILIZATIONS WHICH OFFERED WORSHIP TO MYSTERIOUS, SPONTANEOUS FIRES EMANATING FROM
GAS DEPOSITS IN THE EARTH.
IN THE GLORIOUS HAN DYNASTY, THE CHINESE WERE ALREADY USING GAS AS A SOURCE OF ENERGY.
THE INVENTION OF MANUFACTURED GAS IN THE 1700S CONTRIBUTED TO THE GROWTH OF INDUSTRY AND TO THE
URBANIZATION OF MODERN SOCIETY.
THE DISCOVERY OF NATURAL GAS MADE IT EASIER FOR BUSINESSES AND INDIVIDUALS TO ACCESS ONE OF THE MOST-USED
ENERGIES IN THE WORLD.
EVERY TECHNOLOGICAL LEAP FORWARD HAS LED TO A MORE EFFECTIVE USE OF THIS RESOURCE IN THE SERVICE OF
HUMANITY.

THE REGULAR DISCOVERY OF NEW DEPOSITS, THE EASE OF STORAGE, THE POTENTIAL FOR THE TRANSFORMATION OF

RENEWABLE ENERGY, AND ITS USES FOR TRANSPORTATION MAKE GAS THE ENERGY OF THE PRESENT AND OF THE FUTURE,

ENERGY EFFICIENT AND RESPECTFUL OF THE ENVIRONMENT.
THIS BOOK TELLS THE STORY OF A FANTASTIC ADVENTURE, WHICH REACHES DEEP INTO HISTORY—AND IS FAR FROM OVER!

IN THESE PAGES, YOU WILL MEET THE STUDENTS, THE SCIENTISTS, THE ENGINEERS AND THE WORKERS WHO, OVER THE

COURSE OF CENTURIES, HAVE WRITTEN THE STORY OF GAS.
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