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How did climate change come
apboute
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Engineers have got (very) good at thinking big...

Images from google (various), https://ourworldindata.org/grapher/global-primary-energy



Population and industry

expansion

The size of the world population over the last 12.000 years

4 million in 10,000 BCE 0w 4% DO ¥
10,000 BCE 8,000 BCE 6,000 BCE 4,000 BCE

https://www.flightradar24.com/45,1.56/5
https://www.worldometers.info/
https://www.cbeci.org/

https://ourworldindata.org/grapher/global-primary-energy



https://www.flightradar24.com/45,1.56/5
https://www.worldometers.info/
https://www.cbeci.org/

Burning fossil fuels produces

Global primary energyv consumpltion

nd, ty powwar and traditiona
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https://ourworldindata.org/grapher/global-primary-energy
https://keelingcurve.ucsd.edu/

Visualising Carbbon dioxide

One ton of CO2 =a
. : g SPear 33 feef across

One year

https://www.anthropocenemagazine.org/2016/02/visudlizing-carbon/



https://www.anthropocenemagazine.org/2016/02/visualizing-carbon/

Taking carbbon out of the
atmosphere

» hittps://www.globalforestwatch.org/map/



https://www.globalforestwatch.org/map/

Why i1s CO2 a problemz?: It's a greenhouse
gas

THE
LONDON, EDINBURGH, axp DUBLIN
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APRIL 189,

XXXL On the Influesce of Carbanio Acid in the Air npm
the Temperature of the Growsd. By Prof. Svasrs
Anpnmsios *,

L. Introduction 1 Observations of Langlay on

Atvssspherical Absorpiion,
GREAT deal bhas boen writton on the (nflusmce of
the absorption of the stenospbere cpon the climate.

Tyndall t in partioular bas pointod oot the escrmous im-
portauce of this qeestion, To him it was chiefly the dinrmal
snd anana) varistions of the tewpatature that wery lessaned by
this circomstance. Anotber side of the question, that has long
sttraclod the atlention of -h'ndu'm. iw this: Is the mean
tewmporatere of the izwni I any way inﬂnm;mlyhy the
presence of beat-abuor! guaes in ore? ouriers
winintained that the v.‘x::-ph'n ncta like ﬁ lase of u bot-
bonse, beeanso it Jots threagh the light rays u? ths sus but
retaioy the dark rays from the grousd, This idea wms
elaboruted by Pouillel § ; and Longley was by some of his
researches Jul to the view, that * the tomperatare of the
earth under direct wanshine, oven Bough cur stmospbers
wore present us now, woubl probably fall to —200° U, if
that stmospbece did not possess the quality of selective

* Rxtract from » nted 10 the Royal Swadish of
Sciescea, \11h F":L.;; Ceanturizated b,m.\nh:w

t  Host & Mods of Motisn,” 2ud od. p 406 (Laad, 1865)

L Mim, deT Ao R 4. Sesi do Flnnt. do Frones, t. via. 12T

§ Comptes rendhas, & vk 3. 41 (1556),
PUil, Mag, 8, 5. Vol. 4L, No. 251, April 1896,




Relationship between carbon
dioxide and temperature

Antarctica Ice-core Data (Vostok)
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Vostok ice core records for carbon dioxide
concentration and temperature change.




Do we readlly need to worry
about climate change-e

2100 Higher Emissions Scenario

2100 Lower Emissions Scenario

2008 Observed
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hitps://www.nasa.gov/press-release/nasa-says-2022-fifth-
warmest-year-on-record-warming-trend-continues
1.30

https://nca2009.globalchange.gov/800000-year-record-co2-concentration/index.html



https://www.nasa.gov/press-release/nasa-says-2022-fifth-warmest-year-on-record-warming-trend-continues

Arctic sea ice over 30
years

https://www.youtube.com/watchev=JMQ21p?93JZc&feature=related



https://www.youtube.com/watch?v=JMQ21p93JZc&feature=related

The era of procrastination, of
half-measures, of soothing and
baffling expedients, of delays is

coming to its close. In its place we
are entering a period of
consequences.

— (I inston Churchidl —
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The solution to climate change I

. i Emissions

INTERACTIVE Net Removz&

https://www.anthropocenemagazine.org/2016/02/visualizing-carbon/




Where do greenhouse
gasses come frome

' Greenhouse gas emissions by gas, World, 2012
Global greenhouse : rbon dioxide equivalents ) ar .
converted to their C
known as 'F-gases.

I::Elrbll:l rl E] il::l)::l-lj E _ 4? tl-l | | il::ln t
Methane (CH.) - 8.01 billion t

Mitrous (M=0] 3.5 billiont
35 million t {in 2010)
% | 174.91 million t {in 2010)

PFC gases .62 million t {in 2010)

0t 5 billiont 10 billion t 20 billion t 35 billion t

uropean Commiss Metherlands Environmental Ass nt A L); EDGAR

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions



Where does the UK get ifs
energy frome Gas

UK Continental Shelf production, 1980 to 2021

About 50% of total UK
gas consumption
self-sufficient (2022)
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1094025/UK Energy in Brief 2022.pdf



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1094025/UK_Energy_in_Brief_2022.pdf

Where does the UK get ifs
energy frome Gas

UK trade in natural gas, 1990 to 2021

Net
imports

Pipeline
imports

Exports

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1094025/UK_Energy_in_Brief_2022.pdf




Russian gas in context:

Gas imports

UK gas imports totalled £19.6 billion in 2021

I, '\orway
B e
- United States inc Puerto Rico
Il russia
- Netherlands

£ billion
Gas exports

UK gas exports totalled £3.4 billion in 2021

from...

- Ireland
=31 '“-‘:AY =3

orocco inc Western Sahara
I Rest of World
5 10 20
£ billion

https://www.ons.gov.uk/economy/nationalaccounts/balanceofpayments/articles/trendsinukimporisandexportsoffuels /2022-06-29



https://www.ons.gov.uk/economy/nationalaccounts/balanceofpayments/articles/trendsinukimportsandexportsoffuels/2022-06-29

Where does the UK get ifs
energy from¢ Elecitricity

» hitps://www.carbonbrief.org/mapped-how-the-
uk-generates-its-electricity/

» https://www.agridwatch.templar.co.uk/

Are there low carbon alternativese


https://www.carbonbrief.org/mapped-how-the-uk-generates-its-electricity/
https://www.gridwatch.templar.co.uk/

Lower demand:

Energy
Efficiency

Images from Google (various)
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V236-15.0 MW™

https://www.g

https://www.vestas.com/en/products/offshore/V236-15MW


https://www.gridwatch.templar.co.uk/

Solar energy

https://www.agridwatch.templar.co.uk/

The energy from the sun that strikes the Earth per hour is
more than the entire world consumes in a year.

Images from Google (various)


https://www.gridwatch.templar.co.uk/

Hydro (River/ tidal/ wave) Energy




Putting It all fogether

. Hydrogen

l » Electrified or Hydrogen

Heating and Transport

P




How mi il be
need '

» https: ics.html



https://landartgenerator.org/infographics.html

Co?2 fooftprints of electricity
poroduction (gCO2eq/kWh)

Fig 2. International Carbon Footprints for Low-Carbon Electricity
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https://www.parliament.uk/documents/post/postpn 383-carbon-footprint-electricity-generation.pdf



https://www.parliament.uk/documents/post/postpn_383-carbon-footprint-electricity-generation.pdf

UK Cost of Electricity
generation predicted 2025

Chart 7: Levelised Cost Estimates for Projects Commissioning in 2025, Noft included:
Technology-specific Hurdle Rates, Sensitivities, £/ MWh

e Future costs of
climate change

« Air pollution

|| « Possible large
H g swings in price of
oil and gas

MWuclear PWR Coal - ASC CCGTwith Coal - IGCC COGTH Class OCGT Offshore R3 Large Scale  Onshare
= FOAK with oxy  postcomb.  with CC5 - GOOMW Solar PV =5MW UK
comb. CC5- CC5 - FOAK FOAK {500hrs)
FOAK

https://www.ofgem.gov.uk/energy-data-and-research/data-portal/wholesale-market-indicators

https://www.carbonbrief.org/analysis-record-low-price-for-uk-offshore-wind-is-four-times-cheaper-than-gas/

https://assefs.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/566567/BEIS_Electricity_Generation_Cost_Report.pdf


https://www.ofgem.gov.uk/energy-data-and-research/data-portal/wholesale-market-indicators
https://www.carbonbrief.org/analysis-record-low-price-for-uk-offshore-wind-is-four-times-cheaper-than-gas/

Carbon capture and storage I

' i Emissions

CO, in the Atmosphere

INTERRCTIVE Net Removal
e

i i | um nhhﬂnﬁiﬂmr ' '

'2/"

https://carboneng ineering.com/our-technology/ https://www.climateinteractive.org/



https://carbonengineering.com/our-technology/

Converting to low carbon
COSTS

A net cost of the UK reaching net zero by 2050 to be £321bn, or just
over . (Office for Budget Responsibility (OBR), July 2021)
The value of UK support to fossil fuels amounted to about £12bn
annually on average (OECD,2021)

£147 billion
Supgport for
businesses

billion

> SR £75 billion
Estimated lifetime (3)  Support for other public services

cost of government ; and emergency responses
spending as a result
of COVID-19 £60 billion

{as ot June 2022 updota) Support for
individuals

£5 billion
Other support and
operational expenditure

https://stats.oecd.org/Index.aspxeDataSetCode=FFS GBR https://www.nao.org.uk/overviews/covid-19-cost-tracker/



https://stats.oecd.org/Index.aspx?DataSetCode=FFS_GBR

Reducing emissions by 2050 l
through six technological avenues

RE based CO, o
removals (BECCS) 14 %

o)
FF based CO, / 25% Renewables

capture and L
storage (CCS) 66 /

Hydrogen 10% 3 6 .9

Gt CO2

25% Energy efficiency
Electrification 20%

https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022#page- 1



How much will It cost ¢

Capital and investment (CAPEX) and operational (OPEX) expenditure to get the UK to net zero by 2050 IfG

Network Infeastrucours

Manutacturing and Constrcten

Nat costs (Ebn)

Savings

Source: Climate Change Committee, The Sixth Carbon Budget - Dataset, 9 December 2020

Note: Darker colours represent CAPEX, lighter colours represent OPEX. Values are a three-year rolling average of in-year costs. @ o
"Other" includes: aviation, shipping, LULUCF, agriculture, removals, waste and F-gases. Costs of electricity are included in the energy

supply sector, other low-carbon fuels such as hydrogen and bioenergy are included in the respective sectors which use those fuels.

https://www.instituteforgovernment.org.uk/explainers/paying-net-zero#:~:text=In%20a%20July%202021%20report, %C2%A31.11rn%20in%20savings.



UK breakdown of Energy billls,
and how the cost IS worked out

Dual Fuel Bill October 2022

= Wholesale = Networks = Operating Policy =Smart = VAT = Other

https://www.aridwatch.templar.co.uk/



https://www.gridwatch.templar.co.uk/

What are unties

doing ¢

https://app.ele

hitps://ourw
greenhouse



https://app.electricitymaps.com/map
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions

Percentage of CO:z emissions by world population

Richest 10% responsible for aimost half of total lifestyle
consumption emissions

Poorest 50%
responsible for
only around 10%
of total lifestyle
consumption
emissions
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Source: Oxfam

https://oi-files-d8-prod.s3.eu-west-2.amazonaws.com/s3fs-public/file_attachments/mb-extreme-carbon-inequality-021215-en.pdf



What did COP 27 achieve

» No real progress of keep global warming under
1.5 degrees, and to phase out the use of fossil
fuels.

» The creation of aloss and damage fund

Mauna Loa Data starting in 1958. Ice-core data before 1958.“°r 27 (Favp!) 2022
. . —r—r o
Last updated December 3, 2022 cai (PQ”S%’ -

COP 3 (Kyoto) 1997

COP 1 (Berlin) 1995— gl
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*MLO data from the most recent month is preliminary

https://keelingcurve.ucsd.edu (Overlayed with Cop dates DS)



https://keelingcurve.ucsd.edu/

What's holding up action
on climate change ¢

UK fracking and oil drilling good for
environment, claims climate minister

Graham Stuart tells MPs that awarding more than 100 licences for
North Sea drilling is a green policy

hitps://www.opensecrets.org/federal-
lobbying/industries/summaryecycle=2022&id=EQ1

A
Fracking and drilling for new oil and gas in the North Sea is green and good
for the environment, Liz Truss’s new climate minister said on Wednesday.

https://www.theguardian.com/environment/2022/oct/12/uk-fracking-and-oil-driling-good-for-environment-says-climate-minister-graham-stuart


https://www.opensecrets.org/federal-lobbying/industries/summary?cycle=2022&id=E01
https://www.theyworkforyou.com/mp/11406/graham_stuart/beverley_and_holderness/divisions?policy=1030

X

Crisis + “a crucial point, when something
begins to change.”

Often misconstrued as opportunity

Image taken from Google
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EXPLORE ITHE PHOTOGRAPH

https://time.com/5479821 /earthrise-picture-history-apollo-8/



learn more... \%’recsam

» Infroduction to climate change (short
course)

Renewable and sustainable Engineering
» BEng(hons)+ Msc +PhD (full+ part fime):
» Low carbon degree apprentices

» Electrical, mechanical, automotive and
aeronautical englneenng degrees.

David Sprake.

d.sprake@glyndwr.ac.uk

Questionse

Filed trip photo DS

Wrexham
Zlyndwr

UNIVERSITY



mailto:d.sprake@glyndwr.ac.uk

Temperature anomalies

Wrexham

Temperature anomalies A
hﬂ'DS://VOUTU.be/K4R02HR27DQ Antti Lipponen climatecentral.org gl}:{llg‘sl\'il:



https://youtu.be/K4Ra2HR27pQ

Cause of previous climate 4.
change

http://profhorn.meteor.wisc.edu/wxwise/cli
mate/milankovich.himl



http://profhorn.meteor.wisc.edu/wxwise/climate/milankovich.html

Wind vs Nuclear

Nuclear: Hinckley point ¢, 2027, = 3,260MW, £26 Billion

Wind energy 3,260MW = (Approx. £1 M/MW) = 3.2 Billion
Wind only blows approx. 35% of the time (capacity factor)
so $2.1 Billion + 17 Billion to spend on energy storage.

Wrexham

lyndvr

UNIVERSITY



