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What is
greenhouse effect?

APyl

*
reenhouse effect keeps Earth warm in

pretty much the same way.



https://www.youtube.com/watch?v=SN5-DnOHQmE

How does global climate

system work?

0
=Z=Met Office Global climate system

and the way heat moves around the atmosphere and the
oceans

o @ & @ O] I


https://www.youtube.com/watch?v=lrPS2HiYVp8&t=2s

Annual CO2 emissions

Carbon dioxide (CO,) emissions from fossil fuels and industry’- Land use change is not included.

World
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O t T 1 T T 1

1750 1800 1850 1900 1950 2021

Source: Our World in Data based on the Global Carbon Project (2022) OurWorldInData.org/co2-and-greenhouse-gas-emissions « CC BY

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO,) emitted from the burning of fossil fuels, and directly from industrial
processes such as cement and steel production. Fossil CO, includes emissions from coal, oil, gas, flaring, cement, steel, and other industrial processes.
Fossil emissions do not include land use change, deforestation, soils, or vegetation.






Greenhouse gases

Carbon dioxide CO,
Methan CH,: CO,equivalent = 84 x CO,

Nitrogen oxide (N,0): CO, equivalent =
298 x CO,

hydrofluorocarbons (HFCs)
perfluorocarbons (PFCs)
sulfur hexafluoride (SF6)
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The carbon cycle

Emissions and natural absorption
of carbon equivalents in gigatons

9.4
Burning
fossil fuels

3.4

Forests

1.6
Deforestatio

Oceans

https://www.dw.com/en/carbon-sinks-how-nature-helps-fight-climate-change/a-59835700
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1 TONN OF CO,?



1 tonn CO,

10 meters




ANNUAL CO, EMISSIONS PER PERSON
IN LATVIA

Ivanova, D., & Wood, R. (2020). The unequal distribution of household carbon footprints in Europe and its link to sustainability. Global Sustainability, 3,
E18. doi:10.1017/5us.2020.12



(a)

Annual CO, emissions in Europe

EU individuals (adjusted by household size)
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Ivanova, D., & Wood, R. (2020). The unequal distribution of household carbon footprints in Europe and its link to sustainability. Global Sustainability, 3,
E18. d0i:10.1017/sus.2020.12
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CO, EMISSIONS
IN NY CITY



https://www.youtube.com/watch?v=DtqSIplGXOA

GLOBAL CO,
EMISSIONS

e 1000 tonn/sec

112 milj. tonn/day

https://twitter.com/RealWorldVis/status/1044485462293917696/photo/2




CO, FOOTPRINT

Based on:

* Berners-Lee M., How Bad
are Bananas?, 2020

* Other scientific literature
sources




100 gram CO, 100 kg CO
45 cm ‘

10 gram CO, 49 i
20 cm

500 gram CO,
80 cm

1 gram CO,
10 cm

500 kg CO,
8m




1 liter tap water 1 liter bottled water



grams CO,/liter

1 liter tap water 1 liter bottled water
0.4 Locally produced + transportation 320
Average 400

Transported on road 600 km 480



1 km by mechanical bicycle 1 km by electric bicycle



grams CO,/km

1 km by mechanical bicycle

with banana 25
porridge with cow

milk 44
with bacon 119
with cheeseburger 194
asparagus

transported with the
airplane 2938
carbon embedded in | 6...6
bicycle 0

1 km by electric bicycle

fully electric,
driving speed 7.5
km/h, without hills
and stops

the same, but with
5 stops per 1.5 km
and a 20 meter
climb

carbon embedded
in bicycle

6...

1,9

3,1

60



1 km by bus 1 km by car 1 km by train



1 km by bus

grams CO,/km/person

(*km/person —passenger kilometer)

90 seater full electric
bus in UK

A crowded minibus in
La Paz, Bolivia

16

A partially loaded
diesel hybrid bus in
London

29

A double-decker bus

in the UK countryside
with only a driver + 1
passenger

1563

1 km by car

Mid-size 5-door
electric car

a smart car traveling at
a constant speed of 45
km/h

an average car with an
average consumption
of 0.425 |/km

a relatively new Range
Rover Sport that has
not been technically
maintained and drives
at 55 km/h

113

181

331

788

1 km by train

French train with

nuclear power 14
London

underground 43
Tram 45
Intercity standard

class 50
Intercity first class | 100




Round trip from Riga to Warsaw (1320 km)

Mechanical bicycle

Bus

Train

Small electric car (driver only)

Small efficient petrol car (driver only)

Airplane
Large SUV (driver only)



kg CO2

1200

1000

800

600

400

200

Round trip from Riga to Warsaw (1320 km)

w

I

Mechanical
bike

40

Bus

54

Train

148

SmallEV (only  Small petrol

driver)

237

M

car (only
driver)

368

MMM

Plane

1020

AR

Large SUV
(only driver)



Transport CO, emissions per passenger
kilometer depend on:

* Food if riding a mechanical bicycle
* Occupation rate

* Driving speed

* Congestions drive

e Car sharing



Smart phone Computer and it’s use

* 3 hours every day e 8 hours every working day
throughout the year for 11 months



Using a smart phone

kgCO2 year
1 h/day 63
195 minutes
per day 69
10 h/day 86

1 gram CO2/min

1 gram CO,
10 cm

kg CO,

A computer

Computer:

kgCO2

13" MacBook Pro,
128Gb memory

326

Low price 14" HP
Chromebook 14g5

329

15" Dell Precision 5539,
256GB memory

475

16" MacBook Pro, 1 TB
memory

620

Using a computer

kgCO2/year, if used server and

8h/workdays 11
Computer use: month/year
13" MacBook Pro
16'MacBook Pro
Low price 14" HP
Chromebook 14g5
Laptop with average
efficiency
Desktop with screen
Gaming computer with
screen
plus additionaly for
server and network use

Total with
network
use
4 68
5 70
11 75
18 82
88 152
120 184
64



Emissions per head generated by a 12-day conference/kg of CO2

Conference venue :
heat & electricity

*
Local ) 1.4 Lolcal fransport : Home office gas
transport (electric bus) and electricity
(car) :

Share of emissions
generated in computer

30 17 manufacture

5 1

I

Use of networks

Accommodation and data centres

Physical conference 5 Virtual conference
total: 2,961kg total: 36kg

*assumes hotel is 10 miles from transport centre

Source: National Centre for Emissions Management in Poland, How Bad Are Bananas? by Mike Berners-Lee, WSP
©FT

https://www.greenwoodarbitration.com/greenwood-energy-arbitration-
blog/2021/5/11/the-value-and-cost-of-in-person-networking



A plastic bag A paper bag



grams CO,/bag

A plastic bag
Very light 3
Heavier supermarket bag 10

Heavy bag “for the rest of the
life”

50

A paper bag

Recycled and light
Fashion bag from new paper

12
80



25 cm pizza A boiled potatoes portion (200 g)



25 cm pizza

Vegan (without
cheese)
Margherita
Pepperoni
Quatro Formaggi
Meat Feast
Takeaway box
Delivery with
scooter

grams CO,,

1000
1400
2200
2200
2300

130

340

A boiled potatoes portion (200 g)

Local and unboiled 56
Local, boiled on low
flame in a pot with a lid 106

Imported from Cyprus,

boiled on low flame in a

pot with a lid 240
Imported from Cyprus,

boiled on high flame in a

pot without a lid 340



A bowl of porridge A portion of fish (200 g)



A bowl of porridge

Made with water
Made with soya
milk

Made with 50/50

cow’s milk and
water

Made with cow’s
milk

Grams CO?2

110

450

450

300

A portion of fish (200 g)

Fresh mackerel
caught and sold

locally 480
Fresh cod caught and

sold locally 880
Fresh trout caught

and sold locally 1700
Canned tuna 1900
Fresh lobster

transported by road | 4500




Taking a bath A cup of tea or coffee



grams CO,,

Taking a bath

Modest bath heated
by solar energy
Modest bath heated
by efficient gas boiler

Generous bath heated

by efficient gas boiler

Generous bath heated

by electricity

200

500
100
0
160
0

A cup of tea or coffee

Black tea

Tea with soya milk
Instant coffee

Tea with cow’s milk
Black coffee (drip,
Americano or filtered)
Large oat milk latte
Large soya milk latte
Large cow’s milk latte

A typical disposable cup

22
47
49
71

87
288
308
552
110



220 grams raw steak A pair of jeans



220 grams raw steak

kg CO,

Local raw
steak

Raw steak
from
deforested
land in Brasil

18

A pair of jeans

Polyester (300g)
Acryl (300 g)
Male cotton jeans
(600 g)

11

19



30

25

20

kg CO2
=
(0]

10

0,13

250 g of 800gpeas 625gof 2.25liters 7large 180gof 200gof 200gof 200glamb 190 g beef

mixed nuts

3,8

|

N
=

1,6

|

|

0,2 0,42

—_—

|

(M <

|

[l

|

[l

[

lentils or  of milk eggs chicken pork, imported
chickpeas bacon or king
ha prawns

3

A day’s protein (50 g)

10

|




Food: greenhouse gas emissions across the supply chain |

Greenhouse gas emissions'a/® measured in carbon dioxide-equivalents (CO,eq)

M Land use change [ Farm [ Animal feed [l Processing [l Transport Retail [ Packaging | Losses

ARG 99 kg

Beef (beef herd)
Dark Chocolate
Lamb & Mutton
Beef (dairy herd)
Coffee

Shrimps (farmed)
Cheese

Fish (farmed)
Pig Meat
Poultry Meat
Palm Oil

Olive Oil

Eggs

Rice

Sunflower Oil
Tofu

Milk

Tomatoes

Peas | 0.98 kg

Bananas | 0.86 kg

0 kg 20 kg 40 kg 60 kg 80 kg

Source: Joseph Poore and Thomas Nemecek (2018). OurWorldInData.org/environmental-impacts-of-food « CC BY

1. Greenhouse gas emissions: A greenhouse gas (GHG) is a gas that causes the atmosphere to warm by absorbing and emitting radiant energy.
Greenhouse gases absorb radiation that is radiated by Earth, preventing this heat from escaping to space. Carbon dioxide (CO,) is the most well-known
greenhouse gas, but there are others including methane, nitrous oxide, and in fact, water vapor. Human-made emissions of greenhouse gases from fossil
fuels, industry, and agriculture are the leading cause of global climate change. Greenhouse gas emissions measure the total amount of all greenhouse
gases that are emitted. These are often quantified in carbon dioxide-equivalents (CO2eq) which take account of the amount of warming that each
molecule of different gases creates.

2. Carbon dioxide-equivalents (CO.eq): Carbon dioxide is the most important greenhouse gas, but not the only one. To capture all greenhouse gas
emissions, researchers express them in ‘carbon dioxide-equivalents' (CO,eq). This takes all greenhouse gases into account, not just CO,. To express all
greenhouse gases in carbon dioxide-equivalents (CO,eq), each one is weighted by its global warming potential (GWP) value. GWP measures the amount
of warming a gas creates compared to CO,. CO, is given a GWP value of one. If a gas had a GWP of 10 then one kilogram of that gas would generate
ten times the warming effect as one kilogram of CO,. Carbon dioxide-equivalents are calculated for each gas by multiplying the mass of emissions of a
specific greenhouse gas by its GWP factor. This warming can be stated over different timescales. To calculate CO,eq over 100 years, we’'d multiply each
gas by its GWP over a 100-year timescale (GWP100). Total greenhouse gas emissions — measured in CO,eq - are then calculated by summing each
gas’ CO,eq value.

ps: pply

y Milk~Eggs*Rice™Pig+Meat~Peas*Bananas™Fi i i med
r+0il~Olive+Oil~Palm+Oil~Dark+Chocolate~Tomatoes

Tofu~Coffee~Sunflowe



A bottle of vine A buquet of flowers



A bottle of vine

By ship from
Australia and 300
km by road

2400 km by road
from Italy

kg CO,

1.4
1.6
5

A buoquet of flowers

From your garden without
mineral fertilizers

0.0

Snapdragon, grown locally
outdoors and sold locally

0.1

15 flowers grown locally
outdoors and sold locally

1.7

A rose grown in a greenhouse
in the Netherlands or outdoors
in Kenya and airfrighted to
Europe

2.4

Bouquet of 5 Kenyan or Dutch
roses, 5 Dutch lilies and three
Kenyan assorted flowers

32




A heart bypass or hip
replacement operation A funeral 4 kW solar PV panel



A heart bypass or hip
replacement operation

Hip
replacement
or knee
operation

Heart bypass
operation

2.3

tonns CO,

A funeral

Cremation
Pyre
Field burial

0.4
0.6
0.9

4 kW solar PV panel

4 kKW panel
Reduced CO, in

20 years from 4
kW panel

-24



3 MW wind generator Car crash New single family building



tonns CO,

3 MW wind generator Car crash New single family building
3 MW installed 1046 small scratch that 3 bedroom brick and
3 MW CO2 does- not need to be pla.stgr semi-detached
. repaired O building 32
emissions reduced accident on an empty 4 bedroom brick and
in 20 years -81538 road: the car must be plaster detached
written off 5 building 53
accident on a busy 20 four bedroom brick
road: two cars must and plaster detached
be written off 40 buildings 1060

30 crashes on a busy
road: two cars must
be written off 1200
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Energy

ar collector
ar PV
ar PV
Latvian e

British Electricity

Centralized heat supply with natural
gas bollers

ndivio

\Vile

Nne

\Vi[e

ua
ua
ua

panel with heat pump
panel without heat pump

ectricity

neating: modern gas boller
neating: old gas boiler
neating: liquid diesel

Grams CO2/kWh
30

30

90

57

340

264
250
400
300



g CO,-eq./KWh

Energy production

1400
Max
1200 i
Mean
Median & 4
<]
1000
25th .
Min |
800 l
600
400 $
200
Wind power, Wind power, Hydropower, Hydropower, Wave power Tidal power Photovoltaic CSP Geothermal Coal power Natural gas
onshore offshore reservoir  run-off-river

power power power



Billion tons CO2

50
8,6 10
-37 -12 -12 -5 -1,8 0,068 1,4 33
0
total E6Zstored Carbon retarning Direct Carbon Bioenergy with Enchanced rock Biochar all Global ICT, average global Inthe world in global
in 906million sequestration in seaweed, Capture and  carbon capture  weathering cryptocurrenciesincluding all user military 2019 deforestration
50 new-ha soilover20  mangroves and Storage: and storage in 2019 equipment, data footprint
years salt marshes to Artificial Trees centers,
65 pre-WW?2 levels networks and TV
-100
-150
-200
-200

-250

Total CO, emissions globally in 2021: 37 bill. tonns CO,



1 tonn CO2




You can travel with 1 tonn CO2 ...

. . t .



CO, reduction activities

Transport:

Reducing energy
consumption:

Food:

Car free life

If you have to drive, use an electric car, public
transport, electric bike, mechanical bike

reduce flights
Max fill vehicles
Drive at optimal speed

Reduce time spent in congestions

Insulate buildings

Reduce equipment use and installed
capacity

Use renewable energy resources and heat
pumps

Give up beef and cow's milk products
Switch to a vegan diet

Reduce transport distances (food km)
Reduce food waste

Improve cooking efficiency
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ASSIGNEMENT



1. 2. CALCULATE
CURRENT DAILY
READ
DESCRIPTION OF _COEOE(';"D'SS'ONS-
JOHN’S DAILY . TRANSPORT
ROUTINE A
- IT EQUIPMENT
- FLOWERS
_ OTHER

* 4 persons per group
 Group work 40 minutes
* Discussions 30 minutes

3. PROPOSE
ALTERNATIVE
ACTIVITIES TO
REDUCE CO2
EMISSIONS AND
CALCULATE
REDUCTION



JOHN’S DAILY ROUTINE

John is an administrative manager at a vocational school. He starts his day with breakfast. He
usually eats a bowl of porridge with cow's milk and drinks a latte with cow's milk. Every
morning, he carefully irons his shirt and takes a clean (tumble-dried and washed at 90°C)
handkerchief made from fabric. He owns new Range Rover Sport HSE and uses it to drive to his
office, which is located 10 km from his home. The road has heavy traffic and is congested for 4
km. On his way to the office, John purchases two bottles of water (1 liter per bottle) and drinks
throughout the day. He also buys one rose delivered from a greenhouse in the Netherlands to
put in the vase on his table. His office is 50 m?, and it is located in old non-renovated building
which is heated with an individual heating system and an old gas boiler. John uses his
smartphone 2 hours a day. He has a desktop with a screen and uses it 6 hours a day, including
Google and other search services that use servers and networks. He spends 2 hours in Zoom
meetings (parallel to using search services). The school is on two premises, and John must fulfil
his work duties by traveling 20 km by bus daily to visit both sites. On his way he writes 4 long e-
mails from laptop to laptop that each take John 10 minutes to write and for the recipient 3
minutes to read. During the lunch break, John has pizza Meat Feast, milk ice cream, and a latte
with cow milk for lunch. In the afternoon, John eats 1 kg strawberries imported from South
Africa and drinks a latte with cow milk. During the day, he washes dishes three times a day by
hand with extravagant use of water. He dries his hands with a standard electric dryer six times a
day. On his way home, John purchases a flower bouquet of 5 Kenyan or Dutch roses, 5 Dutch
lilies, and three Kenyan assorted flowers as a gift for his wife. He takes his Range Rover Sport
HSE and drives back home on the road which is congested for 4 km.



CURRENT ACTIVITIES

ALTERNATIVE ACTIVITIES

Porridge with cow’s milk

Porridge with water

Latte with cow's milk

Latte with oat milk

carefully ironed shirt

a quick expert touch on a wet shirt

tumble-dried and washed at 90°C handkerchief made from
fabric

fabric, dried on a clothesline, washed at 60C together with other
laundry

Driving Range Rover Sport HSE

Small electric car (driver only)

Congestions

Congestions

Bottled water (1 liter)

Tap water

One rose delivered from a greenhouse in the Netherlands

Locally grown and sold flower

Non-renovated building with heating system and an old gas
boiler

Renovated energy efficient building with solar PV panel with
heat pump

Use of smartphone

desktop with a screen + use servers and networks

Zoom meetings on desktop with screen

Travelling by bus

Long e-mails from laptop to laptop that each take John 10
minutes to write and for the recipient 3 minutes to read

pizza Meat Feast

veggie bean burger with cheese

milk ice cream

80 grams of frozen juice ice cream

Strawberries imported from South Africa

bananas

dishwashing by hand with extravagant water
consumption

with hands rapidly in warm water

dries his hands with a standard electric dryer

Dyson Airblade

5 Kenyan or Dutch roses, 5 Dutch lilies, and three
Kenyan assorted flowers

15 flowers grown locally outdoors and sold locally




grams CO2

120000

100000

80000

60000

40000

20000

JOHN’S DAILY ROUTINE

= Food E Transport

110

ggOO

Current

= IT equipment

19
= =

- 1880

=

Alternative

Office = Flowers

= Other

91

Reduction



grams CO2

40000

35000

30000

25000

20000

15000

10000

5000

JOHN’S DAILY ROUTINE
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Energy
consumption

Flowers
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JOHN’S DAILY ROUTINE

CURRENT ALTERNATIVE



CURRENT ACTIVITIES ALTERNATIVE ACTIVITIES WITH REDUCED CO2 FOOTPRINT CO2
REDUCTION
Activity Measurement |Units [Grams of CO2/ [Total grams |Activity Measurement |Units Grams of CO2/ |Total grams |grams CO2
unit measurement [of CO2 unit measurement [of CO2
unit unit

Porridge with |A bowl 1 800 1x800=800 |Porridge A bowl 1 110 1x110=110 [800-110=690
cow’s milk with water
Latte with Cup 3 552 3x552=1656 |Latte with  |Cup 3 288 3x288=864 (792
cow's milk oat milk
carefully ironed [shirt 1 40 40 a quick shirt 1 8 8 32
shirt expert touch

on a wet

shirt
tumble-dried 1 165 165 fabric, dried |handkerchief |1 60 60 105
and washed at ona
90°C clothesline,
handkerchief washed at
made from 60C
fabric together

with other

laundry
Driving Range |Km 20 776 15520 Small km 20 113 2260 13260
Rover Sport electric car
HSE (driver only)
Congestions Km 8 1000 8000 Congestions [Km 8 1000 8000 0
Bottled water |Bottle 2 400 800 Tap water  |[liter 2 0.4 0.8 799.2
(1 liter)
One rose Rose 1 2400 2400 Locally flower 1 100 100 2300
delivered from grown and
a greenhouse sold flower
in the
Netherlands




CURRENT ACTIVITIES

ALTERNATIVE ACTIVITIES WITH REDUCED CO2 FOOTPRINT

COo2
REDUCTION

Activity

Measurement
unit

Units

Grams of CO2/
measurement
unit

Total grams
of CO2

Activity

Measurement
unit

Units

Grams of CO2/
measurement
unit

Total grams
of CO2

grams CO2

Non-renovated
building (1
kWh/m2/day)
with heating
system and an
old gas boiler

m2

50

400

20000

Renovated
energy
efficient
building with
solar PV
panel with
heat pump

M2

50

30

1500

18500

Use of
smartphone

min/days

120

120

120

desktop with a
screen + use
servers and
networks

h/days

72

432

432

Zoom meetings
on desktop
with screen

h/days

50

100

100

Travelling by
bus

Km

20

30

600

600

Long e-mails
from laptop to
laptop that
each take John
10 minutes to
write and for
the recipient 3
minutes to
read

Emails

17

68

68

pizza Meat
Feast

pizza

3270

3270

veggie bean
burger with
cheese

burger

630

630

2640

milk ice cream

Ice cream

500

500

80 grams of
frozen juice
ice cream

ice cream

70

70

430




CURRENT ACTIVITIES ALTERNATIVE ACTIVITIES WITH REDUCED CO2 FOOTPRINT CO2
REDUCTION
Activity Measurement |Units [Grams of CO2/ [Total grams |Activity Measurement |Units Grams of CO2/ |Total grams |grams CO2
unit measurement [of CO2 unit measurement [of CO2
unit unit
Strawberries  |Kg 1 14800 14800 bananas Kg 1 670 670 14130
imported from
South Africa
dishwashing by [Times/day 3 3000 9000 with hands [Times/day 3 360 1080 7920
hand with rapidly in
extravagant warm water
water
consumption
dries his hands [Times/day 6 11 66 Dyson Times/day 6 2 12 54
with a standard Airblade
electric dryer
5 Kenyan or a flower 1 32000 32000 15 flowers |a flower 1 1700 1700 30300
Dutch roses, 5 |bouquet grown bouquet
Dutch lilies, locally
and three outdoors
Kenyan and sold
assorted locally
flowers
Total, kg 110 19 91
CO2
Low price 14" 1 329000 329000
HP
Chromebook
14g5
New Range Car 1 25000000 25000000 |CitroenC1, |1 4000000 21000000
Rover Sport Peugeot
HSE 107, basic

equipment
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