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Good evening Ladies and Gentlemen,

I am grateful to ESR for inviting me here this evening to talk to you about my career in dealing with the Energy and Climate issue.

They say that a picture is worth a thousand words so I have gathered together a few slides to illustrate some of the insights I have acquired over the years that I would like to share with you this evening.

If a picture is worth a thousand words then I reckon that a number is worth about 100 words.  There is an awful lot of talk about the relationship between the use of fossil fuel and our changing climate, much of which is awful.  It is only when those relationships become quantified with numbers that we start to gain some real understanding and definition of the problem.

I have been privileged to have had an interesting career as an energy systems analyst investigating  and quantifying many energy schemes ranging for the mundane through to what I llke to call Applied Science Fiction.
  


e 1979-1995 British Coal R&D in UK — PADB
* Process modelling
» Coal liguefaction
o Carbon capture and storage

e 1995-2002 URS Engineering Consultancy in Auckland

 Air quality assessments
* Novel energy technology investigations
« Greenhouse gas inventory auditing

e 2002-present SGEA — Independent Energy Analyst

e Current clients



Presenter
Presentation Notes
In the UK I spent sixteen honing my skills in process modeling, which expanded in sophistication  and capability as the sophistication oand capabilities of computers developed over that period.  Back in the 80’s I developed process simulation software, primarily for assessing technologies and economics of converting coal into oil.  It is interesting to note that back in the mid seventies we and others determined that as soon as the oil price rose to US$40  per barrel that it would be economic to make oil from coal. During the 1970’s oil shock there was great interest and much R&D into making oil from coal. OPEC held the world to ransom and the oil price seemed to be rising relentlessly.  However, once it got to US$40/barrel the oil price stabilised and eventually subsided as more production came on stream.  In today’ s money US$40/barrel of the 1970’s is about $100/barrel. Again the oil price has risen to that level and no further. This time conventional oil production can’t be ramped up, but coal liquefaction and several other unconventional ways of making oil are becoming economic.  Regrettably the unconventional ways of making oil from minerals (coal, shale tar sands etc.) are highly greenhouse intensive.  
It was back in in the 1970’s that Climate Change, or Global Warming as it was termed in those days, first started to be discussed in the popular scientific press. It was perceived as a threat to the coal industry.  Our chief scientist, who had been reading about Global Warming in Nature posed a question to our Project Assessment and Development Branch. He wrote “We know how to put a scrubber on a coal fired power station chimney to remove the sulphur dioxide and solve the acid rain problem.  Can we put scrub the carbon dioxide from a powerstation chimney to solve the Global Warming problem.”  My boss dropped this question on my desk with a note “Please draft a polite reply saying ‘No! don’t be so silly.”  And so began a new research programme to leave no stone unturned in exploring options for carbon capture and storage (CCS).
In 1994, I was invited to assess the feasibility of applying CCS to the proposed Taranaki Combined Cycle power station in New Zealand I prepared and presenting my study as an expert witness in NZ, quantifying the limitations and high cost of CCS.  The following year we emigrated to NZ.  
      


Fossil Energy vs. Climate

Greenhouse Gas inventories
IEA GHG R&D programme
The importance of methane

GHG emissions from shale gas

Sea Level Rise
CCS in China
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These are the topics for my talk.


. e fossil carbon resource was created from
atmospheric CO, over many millions of years, but is
being returned to the atmosphere by human activity
over a few hundred years.

e Since pre-industrial times:-

— CO, In the atmosphere has increased from
280 ppm to 400 ppm;

— CH, In the atmosphere has increased from
700 ppb to 1800 ppb.

 The thermal balance of the planet is sensitive to trace
elements in the atmosphere and the global climate is
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What is changing ?

Average air temperature at surface (Weather ?)
Upper atmosphere temperature
Ocean and land temperature
Frequency and severity of storms
Ice cover on Arctic Ocean
Ice mass on Greenland, Antarctica and Glaciers
Mean sea level




Carbon + Oxygen CO, + Energy

— Natural Gas = ~ 50 kg CO, / GJ (FFC 60)
— Liquid fuels = ~ 70 kg CO,/GJ (FFC 80)
— Coal = ~ 90 kg CO, /GJ (FFC 100)
Industrial emissions

— Limestone Cement + CO,

— lron Ore (FeO) + Carbon Steel (Fe) + CO,

Methane emission = Activity * emission factor

Full Fuel Cycle Analysis includes emissions of CO, and
CH, from processes to convert fossil resources into
consumer fuels and transport them to the user.




What is the programme’s relation to the International
Energy Agency (IEA)?

What the Programme does and who are the members?
What role does IEAGHG play in a global CCS context?

The International Energy Agency (IEA) Is an
Intergovernmental organisation which acts as energy
policy advisor to 28 member countries in their effort to
ensure reliable, affordable and clean energy for their
citizens.




* A collaborative research programme founded in 1991
e AIm:

To provide members with definitive information on the

role that technology can play in reducing greenhouse
gas emissions.

e Producing information that is:
o Objective, trustworthy, independent
o Policy relevant but NOT policy prescriptive
0 Reviewed by external Expert Reviewers
0 Subject to review of policy implications by Members




Technical evaluations of mitigation options

— Comparative analyses with standardised baseline

Assist international co-operation

— Facillitating international research networks

Assist technology implementation

— Near market research
— GCCsSI
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Shale Gas

— Investigating the claim that shale gas production and
use, as practiced in the USA, could be more
greenhouse intensive than coal production and use

Steel Study

— Assisting with the assessment of the integration of
Carbon Capture and Storage into a conventional steel
production process

Other novel technology reviews
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Other 

Mineralisation (mimicking and accelerating the natural weathering of igneous rocks)

CCS on ships

Black carbon effects

Electrochemical regeneration of amine solvents

Etc.


* Global Warming Potential (kg CO,_, / kg CH,)

ETS accounting 21
IPCC 2007 25 72
with aerosol effect 33 105

« CH, is an unnecessary, and undesired by-product of: -
coal mining, natural gas production and distribution,
hydraulic fracturing, land filling of waste and farming of
ruminant animals.
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Additional data
A 50-gigatonne (Gt) reservoir of methane, stored in the form of hydrates, exists on the East Siberian Arctic Shelf. It is likely to be emitted as the seabed warms, either steadily over 50 years or suddenly. - Nature 499, 401–403 (25 July 2013).  Average – 1Gt/year

Global natural gas production in 2010/11 is 2.4 Gt per year. (Wikipaedia)

Therefore the potential methane emission from the East Siberian Arctic Shelf is 40% of global commercial natural gas production.

If 4% of commercial natural gas production is lost between the well and the customer then the corresponding climate effect would be 10% of the potential effect of the likely methane release from the East Siberian Arctic Shelf.     
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This is the location of a trivial gas leak from an underground pipe crossing a lane in England. It had been leaking for 6 months   One month after I reported it, the leak was repaired.  Estimated cost of repair £500.


3.6 kWopeak installation
Cost £14,000

20% p.a. return on
Invest.

via 20-year Feed-in
Tariff

Average output (day and

night) 730 watts

Coal power plant emits
1kg CO, per kWh

CO, emission avoided
by PV system 730 g/hr
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This is a nearby house in the UK with a PV installation


 The greenhouse impact* of a very small gas leak that is
not worth fixing is cancelling out the greenhouse benefits
of 178 domestic PV installations, which cost £2.5 million
to install.

« Rellance on gas Industry safety Iimperatives and
commercial pressures to eliminate all gas distribution
leaks Is Inadequate from a greenhouse gas emission
perspective.

* When considered over a 20-year time horizon, which is the likely




Figure 2. U.S. natural gas production, 1990-2035
(trillion cubic feet per year)
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The shale gas boom in the USA has transformed the US energy industry.







Schematic geology of natural gas resources

‘é Land surface
/

Conventional *’

ﬂﬂnﬁ%ﬁaﬂ:lﬂ'fﬂﬂ Coalbed methane

Conventional
associated

Sandstone

n LS. Energy (Gas-rich shale

el Inlﬂrma1:ugn

Adminestration



Presenter
Presentation Notes
The technologies of directional drilling and fracking have opened up access to hydrocarbons in the source formations.  
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Several hundred truck movements over a few weeks are required for a single fracking job to haul pumping equipment, holdiing tanks, mixing vessels , water and chemicals to and from the well site. 


Fracking requires (2 to 7) million US gallons of water to
make up the fracking fluid to create a shale gas well

After fracking 20-30% of the working fluid flows back up
to the surface as highly contaminated waste water

The flow back fluid comes up the well with a large
guantity of shale gas (methane) that is cold vented or
flared

Liquid unloading produces more methane emissions

The high initial gas flow rate rapidly declines so that after
6-10years the well has to be reworked with another
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NOAA investigations revealed gas concentrations in the local airshed equivalent to 2% to 7% of the natural gas production from the gas production field.  (Each patch corresponds to a natural gas well site.)


« “Based on available data, we estimate that shale gas
produced to proper standards of environmental
responsibility has slightly higher “well to burner”
emissions than conventional gas.”

 |EA World Energy Outlook Special Report (2011)
“Are we entering a golden age of gas?”

“Compared to coal, the footprint of shale gas Is at least
20% greater and perhaps more than twice as great on the
20-year horizon and is comparable when compared over
100 years.”
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At the well site
A. Methane migration from underground directly to the atmosphere
B. Methane produced during fluid flowback after fracking� 		(occurs before gas production - shale gas only)
C. Routine venting and equipment leaks at the well site
D. Intermittent emissions during liquid unloading at the well site
Downstream activities
E. CO2 and CH4 emissions from a central gas processing facility
F. CO2 emissions from processing of gas transported as LNG
G. CO2 (own use) and CH4 (leaks) from high pressure�     transmission and storage 
H. CH4 emissions from pipeline distribution of gas to customers
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Exporting surplus natural gas from the USA to Asia or Europe would add about 10% to the emission “backpack” carried by the natural gas when it reached the customer.

In Europe, domestic production of shale gas would about halve the GHG penalty of LNG by displacing imported gas with domestic gas.
 


Current industry best practice is to flare unsellable gas
where possible
(“proper standards of environmental responsibility”?)

Legislation is moving towards reducing cold venting

but

Capture of fugitive methane is difficult

Flaring of variable intermittent gas streams is difficult
Methane in air from 5% to 15% is flammable

Safe gas practices favour ventilation and dispersion
Gas delivery/supply pipeline is not connected to the site




No consideration of migration of methane to atmosphere
external to the well casing

No addition of CO, from own use of fuel gas

No consideration of gas transport as LNG

Flow back methane = 1.9% of lifetime production

Well site leaks during production 0.3% to 1.9%

No liquid unloading from fracked wells

Methane from gas processing 0% to 0.19%

Leaks from transmission and distribution 1.4% to 3.6%
Includes aerosol effect in GWP factor

Considers 100 years and 20 years time horizon for GWP
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Major concerns over methane releases from shale gas
production were raised in a paper released this year

An in-house scoping review of the issues was carried out
and a discussion paper was prepared

It was found that fugitive methane emission issues are
broader than just fracking technology

Recent atmospheric modelling suggests that “Switching
from coal to natural gas does little for global climate”

Under worst case assumptions shale gas is as
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Description of shale gas production technologies as practiced in the USA
Resolution of conflicting claims of the  greenhouse impact of shale gas
Revisiting Full Fuel Cycle methodologies



The person who creates the demand for a fuel product
creates the GHG emissions from making that product

FFCA includes a pro-rata share of emissions from
exploration, production, processing and transport of fuels

Default emission factors are required

As exploitation of fossil fuels becomes harder and LNG
IS used, pre-combustion energy consumption increases

FFCA includes emissions from other sources of energy
used, such as diesel, electricity and natural gas

FFCA excludes embodied GHG emissions in equipment




Additional methane emissions occur with shale gas
Capture and flaring of that gas would require legislation
Methane emissions at shale gas sites is highly uncertain
Measurement and reporting of fugitive methane is needed
Fugitive methane issues are broader than shale gas

In the short term the climate impact of methane is more
significant than is recognised by current carbon
accounting methods.

Full Fuel Cycle Analysis is needed to address increasing
pre-combustion emissions of unconventional fossil fuel




 The net loss of ice from the Greenland ice sheet has
accelerated since the mid-1990s and is now contributing
as much as 0.7 millimeters per year to sea level rise due
to both increased melting and accelerated ice flow.

« Antarctica is also losing ice mass at an increasing rate,
mostly from the West Antarctic ice sheet due to
Increased ice flow. Antarctica is currently contributing to
sea level rise at a rate nearly equal to Greenland.

« The largest unknown in the projections of sea level
rise over the next century is the potential for rapid
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3. Unstable glacier front after ice
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Sea-level predictions revised:

By 2100, global sea-level is likely to rise at |least
twice as much as projected by Working Group 1 of the
IPCC Fourth Assessment Report; for unmitigated
emissions it may well exceed 1 meter. The upper limit
has been estimated as ~ 2 meters sea level rise by
2100.

 Sea level will continue to rise for centuries after
global temperatures have been stabilized, and several
meters of sea level rise must be expected over the next
few centuries.
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Low lying  (2- 20 m above sea level) agricultural land at Marsden Point, where Whangarei District Council propose to build a new city for 15,000 people.


There is acceptance in China of the need to factor
Climate Change into planning for the future

There Is a trend to replace coal fired power generation
with gas fired power generation, particularly in urban
areas

The expected benefits are reduction in local pollutants
(acid gases and particulates) and GHG emissions

A study has been launched to explore the concept of
making new gas fired power plants “capture-ready” so
that Carbon Capture and Storage (CCS) could be retro-




Facilitating the use of energy for economic,

environmental and social sustainability
Founded in the early 1990s
Annual meeting/seminar/conference
Occasional submissions

SEFnews — an unmoderated emaill list for information
and discussion ~ 100 members

EnergyWatch — a quarterly publication




	Energy   vs.  Climate� defining the problem
	Steve Goldthorpe BSc. Chem. Eng.  Personal backgound
	Energy vs. Climate�defining the problem
	Fossil Energy vs. climate
	Perception of Climate Change
	Greenhouse Gas Inventories
	IEA Greenhouse Gas R&D Programme�(IEA GHG)
	IEA GHG
	What IEAGHG does
	Members of the Programme
	My work with IEAGHG in UK
	The importance of methane �discharges to air
	Slide Number 13
	Gas leak = Methane emission�0.5 g/s = 130 kg/hr CO2-eq
	PV - CO2 emission avoidance �0.73 kg/hr CO2-eq
	Observations
	Shale gas growth in USA
	Slide Number 18
	Shale gas site
	Shale Gas production
	Gas field in Weld County, Colorado�29km upwind from NOAA air sampling tower
	Conflicting Views
	Pre-combustion emissions and losses - compounding
	Benchmark pre-combustion emissions�GWP = 25;   no extra flaring
	Pre-combustion emissions�with gas transported as LNG�GWP = 25;   no extra flaring
	Flaring or cold venting at the shale gas well site ?
	Howarth’s assumptions
	Howarth’s analysis with GWP on 100 year time horizon
	Howarth’s analysis with GWP on 20 year time horizon
	Tom Wigley  (Sept 2011) – “Coal to gas does little for global climate”
	Shale gas methane conclusions 
	Full Fuel Cycle Analysis
	Conclusions – Shale gas
	Sea Level Rise�The Copenhagen Diagnosis
	Mechanism of collapse of�land-based ice - Phase 1�
	Mechanism of collapse of�land-based ice - Phase 2�
	The Copenhagen Diagnosis - Conclusions
	Slide Number 38
	CCS in China
	The Sustainable Energy Forum Inc.

