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Presentation Outline
1. Introduction to the Nexus
2. Water for Energy
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Water-Energy Nexus
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Increased attention on the Water-Energy nexus
A section of Lake Oroville, California in Jan ‘2015.
The drought-stricken state uses around a fifth of its
electricity for water-related purposes.

In the United
Arab
Emirates
(UAE),
33 of the
country's
desalinatio
n plants are
responsible
for supplying
56% of the
water being
used in
cities

Flooding has the
potential to
disrupt the supply
of electricity.
Eggborough Power
Station
North
Yorkshire Dec,
2015

There are
concerns of the
potential impact
to the water
quality and
adequacy of
supplies from
shale gas
development
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Nexus drivers

Stresses placed upon the
nexus:
1. Climate Change
2. Population growth,
especially in arid regions
3. New technologies shifting
water/energy demands
4. Policy challenges and
incentives

Water for Energy – hydraulic fracturing
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US 2011 Water-Energy Flow Sankey

Great
inefficiencies in
converting thermal
energy to
electricity

Thermal properties
of H20 utilised

‘Consumption’?

Raw material and
solvent properties
of H20 utilised

DoE
(2014)

► Evaporation

from
thermo-electric
plants
► Evaporation from
agriculture
► Hydraulic Fracturing
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Hydraulic Fracturing
Hydraulic fracturing is the process of stimulating natural gas from shale
formations
Attractive as a means of improving energy security status and as a
transition fuel in a bid to meet carbon reduction targets
Made viable due to increase in oil prices, technological advancements and
discovery of vast resources in England
Utilizes water as a means of cooling drilling bits and a transport medium for
added chemicals and natural gas
Departure from conventional gas extraction as an ‘open-loop system’



Up to 27ML of water per well required for drilling and fracturing (CIWEM,
2013)
30 – 70% can be retained by the shale, consumed

Shale 'rich' countries : Total or per capita?
Technically recoverablke reserves (billion cubic metres)

TRR (billion cubic metres)

Technically recoverable reserves per capita (thousand cubic
metres)

1000

35,000

900

30,000

800
25,000

700
600

20,000

500
15,000

400
300

10,000

200
5,000

100
0

0

Country

1
2

Hydraulic Fracturing (2)
Utilizing water’s solvent
properties

Elements of
recycling
with treatment

Water
withdrawa
l

30% of water
returns to
surface as
wastewater –
thus >70%
remains within
the shale =
consumed

Requires
treatment prior
to ‘disposal’
Jiang, Hendrickson
and Vanbrieson
(2015)
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Potential risks to water resources (1)
Energy Element

Connection to Water Quantity

Connection to Water Quality

Energy Extraction and Production
Oil and Gas Exploration

Water for drilling, completion, and fracturing

Impact on shallow groundwater quality

Oil and Gas Production

Large volume of produced, impaired water

Produced water can impact surface and
groundwater

Coal and Uranium Mining

Mining operations can generate large
quantities of water

Tailings and drainage can impact surface
water and ground-water

Electric Power Generation
Thermoelectric (fossil,
biomass, nuclear, solar
thermal)

Surface water and groundwater for cooling**
and scrubbing

Thermal and air emissions from impact
surface waters and ecology

Hydroelectric

Reservoirs lose large quantities to
evaporation

Can impact water temperatures, quality,
ecology

Solar PV and Wind

None during operation; minimal water use for panel and blade washing
Murray (2008)
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Potential risks to water resources (2)
Energy Element

Connection to Water Quantity

Connection to Water Quality

Refining and Processing
Traditional Oil and Gas
Refining

Water needed to refine oil and gas

End use can impact water quality

Biofuels and Ethanol

Water for growing and refining

Refinery wastewater treatment

Synfuels and Hydrogen

Water for synthesis or steam reforming

Wastewater treatment

Energy Transportation
Energy Pipelines

Water for hydrostatic testing

Wastewater requires treatment

Coal Slurry Pipelines

Water for slurry transport; water not returned

Final water is poor quality; requires
treatment

Barge Transport of Energy

River flows and stages impact fuel delivery

Spills or accidents can impact water quality
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Water Intensity of Energy
Water use for electricity generation by fuel and cooling
technology
(GlobalChangeNow, 2014)

► Extraction,
► How

production or both?

is withdrawal and consumption defined?

► What

units are used?

Average consumptive WF per unit of electricity and heat produced (m3
TJe −1 ) for the period 2008–2012
(Mekonnen, Gerbens-Leenes and Hoekstra, 2015)

Figure 4.3: Comparison of the permanently consumptive water intensity of shale gas in comparison with other energy sources in
m3 per MMbtu.
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Water Quality Impacts: Fracking Fluid Contents
• 90% water
• 9% sands
• 1% chemical additives (in the US often held as
trade secrets)

The following chemicals are candidates for further research owing the risks
they are known to pose to the environment or human health:
► Hydrochloric acid (notable as the largest non-water component of
fracking fluid)
► Glutaraldehyde (toxic to aquatic life at concentration listed)
► Ammonium chloride and benzalkonium chloride (quaternary
ammonium salt, hazardous at 0.5 ppm)
► Ammonium persulfate (quaternary ammonium salt, hazardous at
0.5 ppm)
► Tetramethyl ammonium chloride (quaternary ammonium salt,
hazardous at 0.5 ppm)
► Petroleum distillates (class of hydrocarbons with varying
environmental effects)
► Triethanolamine zirconate (poorly documented compound with
high risk to human health)
► Polyacrylamide (polymer of acrylamide, whose legal limit is 0.0001
ppm)
► Naphthalene (well-documented and regulated hydrocarbon)
► 2-Butoxyethanol (potentially hazardous organic alcohol)

Wastewater is either “flow-back” from the fracking process or
highly concentrated subterranean saltwater
Increasing amounts of wastewater transported to treatment
facilities rather than re-injected or left as tailings
EU Scale Regulatory tools:
•
•
•
•
•

Water Framework Directive (2000)
Groundwater Directive (2006)
Waste Directive (2011)
Mining Waste Directive (2006)
Hydrocarbon Directive (1994)

Some issues with trade secrecy in exact formulation of fracking
fluids, especially in the US – does the Aarhus Convention apply
here?

Water Quality: can water from fracking pollute other “natural”
waters?
Standard Industry answer is “no, fracking layers are too deep”,
but:
1. Robert Jackson et al at Duke University, USA have positively
linked fracked layers to groundwater layers in Pennsylvania
using GCMS
2. The precautionary principle should incline national regulatory
authorities to:
a) Insist on “security in depth” for fracking operations
b) Make research on local hydrogeology a priority in
assessing whether fracking is appropriate in any
state/region
c) Pay more attention to management of flow-back and
fluid leak waters (in the USA some flow-back is applied
to agriculture!)

Regulating Water Security in Unconventional
Oil and Gas
Sections target key water
aspects of production
process:
 legal, political and hydrological
context of their surroundings
 procure water for fracturing
and extraction processes
 gain community cooperation or
confront social resistance
around water
 collect flowback and produced
water, and dispose of these
waters safely

Regulating Water Security in Unconventional
Oil and Gas
1. Objective: enhance understanding of regulatory
and policy regimes around the world related to
use of water for shale oil and gas production
2. Comparative approach, case studies from all
continents
3. Interdisciplinary approach (technical, legal,
political, sociological, etc.)

Thanks!
– and please get in touch for more
information!

www.watersecuritynetwork.org
www.twitter.com/water_network
Chad.staddon@uwe.ac.uk

