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The Future of Helium as a Natural
Resource

The purpose of this book is to inform the reader as to the future of helium: a
most unusual substance, and a key natural resource with significant relevance for
high technology. The frame of reference is international: helium is globalising.

Commercial helium is a by-product of the natural gas industry. The relation-
ship of helium supply to natural gas is fundamental and has not been studied
extensively in the past. The global natural gas industry is part-way through a
profound change, with increasing emphasis on liquefied natural gas. This has
major consequences for helium supply.

The authors turn their attention to helium supply and demand; most helium
studies having previously been excessively focused on the supply side. Chapters
study the potential impact of helium in a number of fields, including medical
imaging and the nuclear industry, as well its influence in major national econo-
mies such as Russia and India.

William J. Nuttall is University Senior Lecturer in Technology Policy at the
Judge Business School, University of Cambridge, UK.

Richard H. Clarke is a Cryogenic Process and Helium Specialist at Culham
Centre for Fusion Energy, a UK-based research organisation developing fusion
as a sustainable, long term energy source.

Bartek A. Glowacki is Reader in the Department of Materials Science and
Metallurgy, University of Cambridge, UK.
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Acronyms and abbreviations

(RE)BCO
‘He
‘He

A
AC
AFM
AGR
Al
APCI

Ar
ArcaTech

As
ASU

B//c

Ba
barg
BBC

Bef
Bcm
BEA
Bi
Bi-221

89}

HTS magnet material similar to YBCO where RE =yttrium,
gadolinium, samarium ... (rare earths)

Rarer isotope of helium (with one neutron), mostly primordial
(Big Bang) in origin

Common isotope of helium (with two neutrons), mostly from
radioactive decay of U and Th

Current (amps)

Alternating current

Atomic force microscope

Advanced gas-cooled (nuclear fission) reactor

Aluminium

Air Products and Chemicals Inc., Allentown, PA, USA (industrial
gases and equipment, chemicals and processes)

Argon

ArcaTech 100 market index (NYSE) (US listed companies
engaged in computer hardware, software, semiconductors,
telecommunications, electronics, aerospace and defence, health
care equipment and biotechnology)

Arsenic

Air separation unit (industrial-scale cryogenic separation of
components of air)

Magnetic induction (Tesla)

Where magnetic induction, B, is applied to a superconductor
parallel to the crystallographic axis ¢

Barium

Bar, gauge pressure (1 barg=29.2 psia); bara, bar absolute
British Broadcasting Corporation, London

Upper critical magnetic induction (Tesla)

Billion (10°) (standard) cubic feet

Billion (10%) cubic metres

Banque Extérieure d’Algérie, Algiers

Bismuth

Bi,Sr,CaCu,0, (an HTS superconductor)



Bi-2223

BLM
BOC

BOM
BRIC

B-T
Btu
°C

Ca
CAGR
CBM
CCFE

CCR
CD

CERN
CH,
CHEU

CHP
CICC
CISFHR

cm
CNPC
Cco,
CPI
CT
Cu

D

DC
DCFC
DCS

Acronyms and abbreviations  xxv

(B1,Pb),Sr,Ca,Cu;0, (an HTS superconductor)

Irreversibility field (magnetic) at which superconductor does not
show hysteresis

US Bureau of Land Management, administrative body that
manages US federal helium reserves

BOC Group Plc, now part of the Linde Group, Munich, Germany
(industrial gases and services)

US Bureau of Mines, agency responsible for US helium reserves
before the Bureau of Land Management

Acronym for Brazil, Russia, India, China, a grouping of emerging
economies

Magnetic induction — temperature

British thermal unit (1,055 joules)

Degrees Celsius

Carbon

Specific heat capacity (at constant pressure or volume)

Calcium

Compound annual growth rate

Coalbed methane

Culham Centre for Fusion Energy, Culham Science Centre,
Abingdon, UK

Closed-cycle refrigerator

Current drive, forms of additional heating used in MCF fusion to
raise the plasma temperature

European Organization for Nuclear Research, Geneva

Methane (the major component of natural gas)

Crude helium enrichment unit, BLM’s process plant that
enhances helium recovery (Cliffside, TX, USA)

Combined heat and power, where more efficient utilisation is
made of a primary energy source

Cable-in-conduit conductor, an arrangement of superconductor
and normal conductors for high B uses

Committee (of NAS) on the impact of selling the federal helium
reserves

Centimetre

China National Petroleum Corporation, Beijing, PR China
Carbon dioxide

Consumer price index

Computed tomography, a medical imaging technique

Copper

Deuterium, or °H, a naturally occurring heavy form of hydrogen
(two neutrons)

Direct current

Direct carbon fuel cell

Distributed control system (process and power plants)



xxvi Acronyms and abbreviations

DEMO

DNA
Dol

DR
EIA
EOR

Er
Er;Ni

EU
FC
FCL

Fe
FID
FIR
FIS
FLIR
FNL
FSRU
FW

G

G
GAN
GATE

GCFR
Gd
GdBCO

GDC
GDP
Ge
GE

GFR

G-L
GLI1K, etc.
GL1Z, etc.

Generic name of the first power-generating demonstration (MCF
fusion) reactor

Deoxyribonucleic acid

US Department of the Interior, Washington, DC (an agency
mandated to protect US natural resources and heritage)
Dilution refrigerator (a “wet”, sub-1K refrigerator containing a
’He-*He mixture)

Energy Information Administration, Washington, DC (a US
energy statistics/information centre)

Enhanced oil recovery (methods for increasing recovery of oil
from a field)

Erbium

Erbium-nickel alloy (has unusually high specific heat at LHe
temperatures)

European Union

Fuel cell, chemical—electric energy converter

Fault current limiter, a device that prevents excessive current
from flowing in a network or grid

Iron

Final investment decision (in the context of LNG facilities)
Far infrared (spectroscopy)

Front Islamique du Salut (Islamic Salvation Front, Algeria)
Forward-looking infrared (as in FLIR thermographic cameras)
Front de Libération Nationale (National Liberation Front, Algeria)
Floating storage and regasification unit (for LNG)

Flywheel, as used in energy storage devices (including
superconducting versions)

Gas field size MMscf (or field production rate MMscf/day)
Giga (billion, 10%)

Gaseous nitrogen

Major LNG import terminal in Rotterdam, the Netherlands
(GATE=Gas Access To Europe)

European gas-cooled fast (nuclear fission) reactor project
Gadolinium

Gadolinium-barium-copper-oxygen magnet (note: B means Ba
and C means Cu in this context)

Gas Developments Corporation, Chicago, IL, USA

Gross domestic product

Germanium

General Electric Company (a multinational energy, technology,
consumer goods and finance conglomerate), Fairfield, CT, USA
Gas-cooled fast (nuclear fission) reactor

Gas-liquid (as in gas-liquid separator vessel)

See GL1Z, etc. (LNG trains at Arzew, Algeria)

LNG process train (sub-unit) at Arzew, Algeria



