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Context . . .

“Never let the future disturb you. You will meet it, if you
have to, with the same weapons of reason which today arm you
against the present.”

— Marcus Aurelius, Emperor of Rome, 161-180 AD.
(From the Meditations.)
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https://en.wikipedia.org/wiki/Marcus_Aurelius
http://www.gutenberg.org/ebooks/2680


Context: Climate Change is . . .
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Context: Climate Change is . . .
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https://twitter.com/KHayhoe/status/895987382909943808


Context: . . . real
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https://skepticalscience.com/the-two-epochs-of-marcott.html


Context: . . . “us”
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https://www.esrl.noaa.gov/gmd/ccgg/trends/full.html


Context: . . . and yes, it really is serious
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https://www.theguardian.com/environment/2016/dec/01/climate-change-trigger-unimaginable-refugee-crisis-senior-military


The Paris agreement: “Mischief Managed”?
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http://www.un.org/apps/news/story.asp?NewsID=52802#.WZq__HWGPRY


At least EU is absolutely committed ...
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https://ec.europa.eu/clima/news/eu-leaders-commit-swiftly-and-fully-implement-paris-climate-deal_en


Who will “speak truth to the people”?
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https://initforthegold.blogspot.ie/2010/01/ok-getting-serious-again.html#opinion_schematic


Physics is implacable. . .
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https://twitter.com/Peters_Glen/status/794091500804210688


The CO2 problem: the atmosphere is (very nearly) “full”
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https://www.carbonbrief.org/analysis-four-years-left-one-point-five-carbon-budget


So: this changes everything. . .

“Low-carbon” (CO2) is definitely not enough

“Zero-carbon” is (most likely) not enough

Need to plan for “Negative-carbon”. . .

Time is absolutely not on our side!
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What is Ireland’s “fair share”?
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How long (before we “commit” to “negative-carbon”?)
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But: who will “speak truth to the people”?
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https://pbs.twimg.com/media/CSS8x-vUsAAKuNE.jpg


Energy system “vision”: cards on the table. . .

Nuclear

Fossil Fuel with Carbon Capture and Storage (FFCCS)

BioEnergy (BE: unabated)

Variable/intermittent Renewable Energy (VRE: wind, solar...)

BioEnergy with Carbon Capture and Storage (BECCS)

Reduce consumption (radically)
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Nuclear (fission)

It works!

“Low-carbon”! (not zero, not negative)

Dispatchable 24x7 electricity

It’s safe (isn’t it?)

Or: it’s safer than FF alternatives?

Large fixed electricity plant only: not heat, not transport (?)

Fuel (uranium) depletion?

Fuel security?

Extraction impacts

Long-lived, dangerous, waste

(Or: shorter lived, less dangerous waste than FF alternatives?)

Scale? (Compatibility with small, isolated, electricity grid?)

Public acceptability/support?

But: it happens to be illegal. . .

. . . unless smuggled in by interconnector!

Cost? Speed of deployment?
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Fossil Fuel with Carbon Capture and Storage (FFCCS)

“Low-carbon” (not zero, not negative)

Dispatchable 24x7 electricity

Large fixed plant only: not heat, not transport (?)

Parasitic load?

Storage sites? Leakage?

“Upstream” emissions? (especially CH4)

Public acceptability/support?

Cost? Speed of deployment?

Decarbonising the Irish Energy System 19/30



BioEnergy (BE, unabated)

Carbon-neutral/zero-carbon?

Fertilizer (energy, N2O)
Machinery (cultivation, harvest, processing)
Transport
Land use change? Direct/indirect
So: “Low-carbon” at best (not zero, not negative)

All uses (?): electricity, heat, transport

Dispatchable 24x7 electricity

Ireland indigenous opportunity?

Waste: food, crop residues, sawmills, vegetable oil
Forestry?
Short rotation crops: Miscanthus, Willow (grass?)
Displace ruminants (beef, dairy, sheep. . . )?
Processing to biogas/biomethane?

Very finite potential (land use competition, ecological
risks/boundaries): need to maximise climate benefit!

Cost? Speed of deployment?
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https://www.eea.europa.eu/about-us/governance/scientific-committee/sc-opinions/opinions-on-scientific-issues/sc-opinion-on-greenhouse-gas


Variable/intermittent Renewables (wind, solar...)

“Low-carbon” (“very”? but not zero, not negative)

Electricity only (not heat, not transport?)

Not dispatchable (“feast-or-famine”)

Public acceptability/support?

Onshore/offshore wind?
Transmission lines?

Cost? Speed of deployment?
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Variable/intermittent Renewables (wind, solar. . . )

Engineers will certainly make every effort to adapt new
energy resources to familiar usage patterns. We can, to a
certain limited extent, press solar and wind into the mold of our
current energy system by buffering their variability with energy
storage technology and grid enhancements. But the larger the
proportion of our total energy we get from these resources, the
more our buffering efforts will cost in both money and energy.
. . .Past 60 to 80 percent, the need for storage and
redundancy will likely explode. The goal of a near-100
percent [variable] renewable, grid-based electricity system is a
subject of great controversy and research, but it remains
theoretical. . .

— Heinberg and Fridley, 2016
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http://ourrenewablefuture.org


Bioenergy with Carbon Capture and Storage (BECCS)

Might reach “negative-carbon” . . .

But: “it all depends” (devil in the detail. . . )

Electricity only (not heat, not transport?)

Dispatchable 24x7 electricity

Usable bioenergy resource (land, feedstocks) remains highly
constrained

Absolutely relies on proving CCS at scale; which also links directly
back to . . .

. . . Cost? Speed of deployment?

Decarbonising the Irish Energy System 23/30



Aside: The deeper “RHI scandal”. . .

The EU Renewable Energy Directive is not currently aligned with
strong climate mitigation: not all “renewables” are “low-carbon”;
not all “low-carbon” is “renewable”

Without much stronger bioenergy safeguards/constraints/limits, the
supposed climate benefit of higher “Renewable Energy” penetration
is speculative (at best)

Prioritising unabated bioenergy (without CCS) potentially increases
climate impact by displacing direct fossil demand reduction, existing
nuclear, and/or potential FFCCS or BECCS

Naive promotion of unabated bioenergy, especially with multi-decade
lock-in is therefore a highly questionable climate policy . . .

But that is precisely an expected and intended effect of RHI/SSRH
(in both NI and IE)
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Reduce consumption (radically)

Efficiency (Passive House, Co-generation)

(But beware of rebound/Jevon’s Paradox!)

Carbon pricing (tax, fee and dividend . . . )

Carbon capping

Tradeable Energy/Emission Quotas (TEQs) [declining annual cap,
with (tradeable) “fair shares”: rationing but without the “black”
market?]
Cap and Trade (e.g., EU-ETS)
Cap and Share

afreeride.org: Campaign for a fairer, greener tax on air travel
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https://www.youtube.com/watch?v=QyzUhKWMPoc
https://en.wikipedia.org/wiki/Cogeneration
https://uberty.org/wp-content/uploads/2015/08/John_M._Polimeni_Kozo_Mayumi_Mario_Giampietro.pdf
http://www.econlib.org/library/YPDBooks/Jevons/jvnCQ.html
https://static1.squarespace.com/static/54ff9c5ce4b0a53decccfb4c/t/59b7f2409f8dce5316811916/1505227332748/CarbonPricing_FullReport.pdf
https://www.finance.gov.ie/wp-content/uploads/2018/07/TSG-18-07-Environmental-Taxes-Paper-GK.pdf
https://citizensclimatelobby.org/carbon-fee-and-dividend/
http://www.eeng.dcu.ie/~mcmullin/etc/Citizens-Assembly-Climate-Action-2017-08-11-BMcM/Citizens-Assembly-Climate-Action-2017-08-11-BMcM-Full.pdf
https://en.wikipedia.org/wiki/Emissions_trading
https://en.wikipedia.org/wiki/European_Union_Emission_Trading_Scheme
http://www.capandshare.org/
http://afreeride.org


And so: my “vision” for energy system transformation?

Reduce absolute energy consumption (fairly!). Repeat.

Rapidly electrify heating, transport

Rapidly retrofit CCS where feasible (existing FF electricity
generation, large industrial CO2 sources)

Rapidly build out most favourable indigenous VRE

IE/UK: primarily wind (onshore and offshore)!
Target at least 60% “direct” annual VRE consumption (in total

energy system!)

Deploy bioenergy very cautiously

Only with direct, verifiable, climate benefits (indigenous waste
feedstocks, short-rotation crops, ruminant displacement)
Keep door open to seasonal storage, BECCS (strongly favours CH4

pathways: “biomethane” via AD, gasification?)

Close final FF gap with large scale storage (P2G/SNG?)

Act now for beyond-zero/carbon-negative (forestry, DACCS, EW)

Revisit nuclear?
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Parting Thought. . .
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Parting Thought. . .
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https://onbeing.org/blog/kate-marvel-we-need-courage-not-hope-to-face-climate-change
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More info: ienets.eeng.dcu.ie

Contact me: barry.mcmullin@dcu.ie
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http://www.epa.ie/
http://ienets.eeng.dcu.ie/
mailto:barry.mcmullin@dcu.ie


(The “afterword” . . . )

Note for readers: if reviewing these slides after the Feasta Retreat in
Rossbeigh, note that there are links to further information online
interspersed throughout. In particular, many of the images are clickable
links to more detailed background.

Enjoy! - Barry.
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