AstraZeneca

Alternative Energy

The Science of Alternative Energy and
Our Systematic Approach to Achieve
Ambition Zero Carbon

December 10, 2021




The Carbon
Environmen

A Brief Look at the
Science of Carbon




A Scientific Look at the Carbon Cycle
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(illustration adapted from PJ Sellers et al., 1992)

Estimated Annual Carbon Movement

Fast Carbon Movement: 101¢ to 1017 grams
Slow Carbon Movement: 1013 to 1014 grams
Human Carbon Emissions: 101°> grams
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Through a series of chemical reactions and tectonic activity,
carbon takes between 100-200 million years to move between
rocks, soil, ocean, and atmosphere in the slow carbon cycle.
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A Scientific Look at the Carbon Cycle
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A Look at Human Carbon Emissions
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GLOBAL WARMING POTENTIAL (GWP) - Equivalencies

Comparison of other gases to the effect of Carbon Dioxide

Nitrous oxide (N,O)
The column on the right shows how much that chemical would warm the earth over a 100-year period as compared to
carbon dioxide. m
For example, sulphur hexafluoride is used to fill tennis balls. The table shows that a release on 1 kg of this gas is @ m

equivalent to 22,800 kg or 22.8 tonnes of CO.. Therefore, releasing ONE KILOGRAM of sulphur hexafluoride is about
equivalent to driving 5 cars for a year! (2)

Water vapor (H,0)
Greenhouse Gas Formula 100-year GWP (AR4) Carbon
Carbon dioxide CO; 1 dioxide (COz)
Methane CHa 25 ' \
Nitrous oxide N,O 298 Methane (CH,) J
Sulphur hexafluoride SFg 22,800
Hydrofluorocarbon-23 CHF4 14,800
Hydrofluorocarbon-32 CH2F> 675
Perfluoromethane CF, 7,390 Carbon Chlorine
Perfluoroethane C;Fg 12,200 :
Perfluoropropane C5Fg 8,830
Perfluorobutane CaF1o 8,860 Sulfur hexafluoride (SFg)
Perfluorocyclobutane c-C4Fg 10,300

Fluorine

Perfluoropentane CsFqp 13,300
Perfluorohexane CFue 9,300 Chlorofluorocarbon (CFC)
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International Conference on Climate Change

UN GLIMATE
GH

el COP 26 GOALS

'~ GONFERENGE

IN PARTNERSHIP WITH ITALY

1. Secure global net zero by mid-century and keep 1.5 degrees within reach
Countries are being asked to come forward with ambitious 2030 emissions reductions targets thatalign with

reachingnetzero by the middle of the century. Todeliver onthese stretchingtargets, countries will need to:
* accelerate the phase-out of coal

* curtail deforestation
* speedupthe switchtoelectricvehicles
* encourage investmentinrenewables.

2. Adapt to protect communities and natural habitats
The climateisalready changingandit will continueto change even as we reduce emissions, with devastating
effects. AtCOP26 we needtowork togethertoenable and encourage countries affected by climate change to:
* protectand restore ecosystems
* build defenses, warning systems and resilient infrastructure and agriculture to avoid loss of homes,
livelihoods and even lives

3. Mobhilize finance
To deliveronourfirsttwo goals, developed countries must make good on their promise to mobilize atleast
$100bn in climate finance peryear by 2020. Internationalfinancial institutions must play their partand we

need worktowards unleashingthe trillionsin privateand publicsectorfinancerequired to secure global net
zero.

4. Work together to deliver
We can only rise to the challenges of the climate crisis by working together. At COP26 we must:
* finalize the Paris Rulebook (the detailed rules that make the Paris Agreement operational)

* accelerate actiontotackle the climate crisis through collaboration between governments, businesses
and civil society.

' UN GLIMATE CHANGE
;' GONFERENGE UK 2021

Reported Outcome From Conference 2021: (COP26)

An agreement to re-visit emission reduction plansin 2022 in order to try
to keep the 1.5 °C Paris Agreement target achievable.

The first ever inclusion of acommitment to limit (“phase down”)the use
of unabated coal. More than 40 countries pledged to move awayfrom
coal.

A commitment to climate finance for developing countries.

The number of countries pledged to reach net-zero emissions passed
140. This target includes 90% of current global greenhouse gas emissions.

More than 100 countries, including Brazil, pledged to reverse
deforestation by 2030.

India promised to draw half of its energy requirement from renewable
sources by 2030.

The governments of 24 developed countries and agroup of major car
manufacturers including GM, Ford, Volvo, BYD Auto, Jaguar Land Rover
and Mercedes-Benz committed to “work towards all sales of new cars
and vans being zero emission globally by 2040, and by no later than
2035 in leading markets.”
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The White House Policy Statement

THE WHITE HOUSE

WASHINGTON

2030 GREENHOUSE GAS REDUCTION TARGET

April 22,2021

free electricity by 2035, which can be achieved through multiple cost-
effective pathways each resulting in meaningful emissions reductions in
this decade.

The United States can create good-paying jobs and cut emissions and
energy costs for families by supporting efficiency upgrades and
electrification in buildings through support for job-creating retrofit
programs and sustainable affordable housing, wider use of heat pumps
and induction stoves, and adoption of modern energy codes for new
buildings. The United States will also investin new technologies to
reduce emissions associated with construction, including for high-
performance electrified buildings.

The United States can reduce carbon pollution from the transportation
sector by reducing tailpipe emissions and boosting the efficiency of cars
and trucks; providing funding for charging infrastructure; and spurring
research, development, demonstration, and deployment efforts that
drive forward very low carbon new-generation renewable fuels for
applications like aviation, and other cutting-edge transportation
technologies across modes.

* The United States has set a goal to reach 100 percent carbon pollution- * The United States can reduce emissions from forests and agriculture

and enhance carbon sinks through a range of programs and measures
including nature-based solutions for ecosystems ranging from our
forests and agricultural soils to our rivers and coasts. Ocean-based
solutions can also contribute towards reducing U.S. emissions.

The United States can address carbon pollution from industrial
processes by supporting carbon capture as well as new sources of
hydrogen—produced from renewable energy, nuclear energy, or
waste—to power industrial facilities. The governmentcan useits
procurement power to support early markets for these very low- and
zero-carbon industrial goods.

The United States will also reduce non-CO2 greenhouse gases,
including methane, hydrofluorocarbons and other potent short-lived
climate pollutants. Reducing these pollutants delivers fast climate
benefits.

In addition, the United States will investin innovation to improve and
broaden the set of solutions as a critical complement to deploying the
affordable, reliable, and resilient clean technologies and infrastructure
available today.
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The Status of Energy in United States

How do energy and emissionsin the United States compare to
the rest of the world?

* Fossil fuels account for 79% of US energy consumption. The share of energy consumption
from nuclear and renewable sources has doubled since 1980 to 21% in 2020.

* Forty-two percent of US renewable and nuclear energy consumption is from nuclear
sources, followed by 23% from biomass like wood and biofuels.

* |n 2018, the US ranked fifth among the world’s 10 largest economies for its proportion of
energy consumption coming from renewable and nuclear energy.

* In 2018, 51.6% of Washington's energy consumption was from renewable and nuclear, the
highest nationwide. New Hampshire was second, with 51.5%.

* The US emitted 5.3 billion metric tons of carbon dioxide in 2018, making up 15% of the
world’s emissions.

* Transportationis the largest source of US emissions, surpassing electricity generationin
2017.

* Energy-related carbon dioxide emissions were 11% lower in 2020 than 2019, partly due to
pandemic travel restrictions.

Picture Source:visualcapitalist.com/America-land-use
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The Status of Energy Consumption in United States
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The Status of Energy Consumption in United States
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Indiana - Mammoth Solar Farm

e  The Mammoth Solar farm will be built

St Joseph Ekhan | LAGrange | Steuben
o - s | o across Starke and Pulaski's county
ae] " [koscivsio—— lines, and the initial construction site
. raon (Y07 | will be in a rural area about 50 miles
e waas| o (80 kilometers) southwest of South
C O o AT
White = ) | e Bend. Doral Renewables is building the
Benton C Ul sami
" 7 o o G Q}@&‘J N solar farm as part of an agreement
& | Gikn | Toun with American Electric Power
o Randolph
@6“6 Boone |Hamitton »
$ Henry H e * The 13,000-acre Mammoth Solar farm
Hancock o B .
o v | will become partially operational by
Union - . . .
puran | ™ [N mid-2023 and it will start off producing
el B 400 megawatts of electricity, enough
g Y, g

to power 75,000 households.

Sullivan

*  The Mammoth Solar farm, which will
have a total of 2.85 million solar
panels, is expected to be fully
operational by 2024, at which point it
will generate a total of 1.65 gigawatts
of electricity.

Orange

Crawford

This is currently the largest solar farm installationin the United States

14
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The Status of Renewable Energy Consumption in United States
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The Challenges for Alternative Energy

1. Scalability and Timing / Commercialization Potential

For the promise of an alternative energy source to be achieved, it must be supplied in the time frame needed, in the
volume needed, and at a reasonable cost with effective commercialization potential.

2. Substitutability

Best-case scenario is that an alternative energy form can be integrated directly into the current energy systemas a
“drop-in” substitute for an existing form without requiring further infrastructure changes.

3. Material Input Requirements

The type and volume of the resources and energy needed may in turn limit the scalability and affect the costand
feasibility of an energy alternative.

4. Water

Water ranks with energy as a potential source of conflict among peoples and nations, but some
alternative energy sources, primarily biomass-based energy, are large water consumers critically
dependent on a dependable water supply.

5. Energy Density

Energy density refers to the amount of energy that is contained in a unit of an energy form...The consequence of low
energy density is that larger amounts of material or resources are needed to provide the same amount of energy as
a denser material or fuel. Many alternative energies and storage technologies are characterized by low energy
densities, and their deployment will resultin higher levels of resource consumption.

Source: David Fridley, “Nine Challenges of Alternative Energy”,2010

Example of Challenges with
Material Input Requirements

Raw Materials used in
Alternative Energy Equipment

Raw Material Fraction of Today's Total World Production
2006 2030

Gallium 0.28 6.09

Neodymium 0.55 3.82

Indium 0.40 3.29

e | o | zaa |

Scandium Low 2.28

TR T R

Tantalum

Silver

Palladium

T |00 |0z |

Copper 0.09 0.24

somom | tow | —on_|

Niobium 0.01 0.03

E T T

Yttrium 0.01

I T TR

Chromium Low

How do you mine these elementsin a
sustainable way while keeping costs
low?
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The Challenges for Alternative Energy

6. Intermittency

We expect energy to be there when we call for it! This system of continuous supply is
possible because of our current use of a grid/network based upon large stores of fossil
fuels. Alternative energies such as solar and wind power, in contrast, produce only

intermittently as the wind blows, the sun shines, and seasonal harvests of crops for
biomass-based fuels.

7. The Law of Receding Horizons

An often-cited metric of the viability of alternatives is the expected break-even cost of
the alternative with oil, or the price that crude oil would have to be to make the
alternative cost competitive. Underlying this calculation, however, is an assumption that
the input costs to alternative energy production would remain static as oil prices rise,
thereby providing the economic incentive to development.

8. Energy Return on Investment

Our economy and society functions on the amount of net energy we have available. “Net
energy” is, simply, the amount of energy remaining after we consume energy to produce
energy. Consuming energy to produce energy is unavoidable, but only that which is not
consumed to produce energy is available to sustain our civil activities. The ratio of the
amount of energy we put into energy production and the amount of energy we produce
is called “energy return on investment” (EROI).

Excerpt from David Fridley, “Nine Challenges of Alternative Energy”, 2010

GENERATION TYPE CAPACITY FACTOR

Photovoltaics 12-19%
Thermal solar ~15%
Thermal solar with storage 70-75%

Wind 20-40%
Hydropower 30-80%
Geothermal 70-90%
Nuclear power 60-100%
Natural gas combined cycle (non-peaker) ~60%

Coal thermal 70-90%

* The amount of time typically available to produce energy

Average renewable power generation costs in the fossil fuel range in 2017
Fossil fuel cost range mmm Global Average
Geothermal
Hydro —
Solar PV | J
Concentrated —)
solar power ] - |
Offshore wind [ T S——
Onshore wind | — USD/kWh
0 0.05 0.10 0.15 0.20 0.25 0.30

OB IRENA

* Alternative energy costs continue to decrease in
overall costs as technology continues to improve.

30:1

251 — —

2001 — —

EROI Ratio

151 17— —

10:1 +— _— —

EROI = 5:1, minimum for industrial society?

5:1 S .
I EROI= 1:1 N l
0:1 4 . : . . :

Crude US Crude Canadian Grain Cellulosic Soy Solar PV CTL Diesel Wind
Qil from Qil Tar Sands  Ethanol Ethanol Biodiesel (ind. coal  (Vestas)
Middle (current) EROI)
East
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Alternative Energy — Current & Future

Storage

\
_mnTT % Artificial
N Solar ) . Intelligence

M EROI, unbuffered

i‘{istallz $3k-$5k (per kW) EROI. buffered

10

economical threshold

Carbon Capture

Use and Storage
Op: $15-$120 (per t CO,)

\
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So, Where are we with Carbon Dioxide Emissions?

ENERGY & EMISSIONS

The US emitted 5.3 billion metric
tons of carbon dioxide in 2018,
making up 15% of the world’s
emissions.

In 1980, the US emitted 25% of global carbon dioxide
emissions. It’s produced 20% of the world’s total

emissions since 1980.

19

26%

24%

22%

20%

18%

16%

14%

1980

1985

1990 1995 2000 2005 2010

US AS PERCENT OF WORLD CARBON DIOXIDE EMISSIONS

2015
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So, Where are we with Carbon Dioxide Emissions?

ENERGY & EMISSIONS

Transportation is the largest
source of US emissions,
surpassing electricity generation
in 2017.

Transportation and electricity generation almost
entirely contribute to emissions through fossil fuel
combustion that produces carbon dioxide. Industrial
activity contributes to emissions in various ways
including fossil fuel combustion, natural gas,

chemical production, fluorinated gases.

20

2.5B
2.0B
Transportation
Electricity
generation
1.5B Industry
1.0B
Agriculture
0.58 Commercial
— — g Residential

1995 2000 2005 2010 2015

GREENHOUSE GAS EMISSIONS BY SECTOR (MILLION TONS OF CO2 EQUIVALENTS)
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How does Indiana compare with surrounding States on Carbon Dioxide Emissions?

Emissions by state across sectors, 1980-2016 Emissions by state across sectors, 1980-2016

Indiana Kentucky
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Million metric tons of CO2
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Emissions by state across sectors, 1980-2016

Emissions by state across sectors, 1980-2016
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What can we do with Current Carbon Emissions?

Geological
€0, diiven -
[ehiranced

l lecoNeny
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containment
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@ sand
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I3 Ccarbon dioxide reaction
@ Native groundwater - . .
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» Carbon capture, use, and sequestration/storage technologies can capture more
than 90 percent of carbon dioxide (CO2) emissions from power plants and
industrial facilities.

e Captured carbon dioxide can be put to productive use in enhanced oil recovery
and the manufacture of fuels, building materials, and more, or be stored in
underground geologic formations.

* Twenty-six commercial-scale carbon capture projects are operating around the
world with 21 morein early development and 13 in advanced development
reaching front end engineering design (FEED).

* Carbon capture can achieve 14 percent of the global greenhouse gas emissions
reductions needed by 2050 and is viewed as the only practical way to achieve
deep decarbonization in the industrial sector.

* The use of carbon dioxide as a raw material to produce graphene, a
technological material. Graphene is used to create screens for smart phones
and other tech devices. Graphene production is limited to specificindustries but
is an example of how carbon dioxide can be used as a resource and a solution in
reducing emissions from the atmosphere.

Other Technology to Consider

Electric Boilers Turbine (CHP) Geothermal
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AstraZeneca’s
Approach

Ambition Zero Carbon 2025
(Alternative Energy)
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Who are We?

1
We -are a global, s.C|ence I.ed blop-ha)rmaceutlcal Oral Solid Dosage (OSD) S
business and our innovative medicines are @ Oncology ® Cardiovascular ® Diabetes =
used by millions of patients worldwide. L

tients first ® W
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Y - = - ; W

‘, ey
“ TAGRISSO CALQUENCE Qi%arn-* farxiga o onceon it metformin e 0 a (saaglptin) 22
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What SUStainabﬂitY - @ Our ambitions

@ Work towards a future where all people have

means to AstraZeneca acoee o el hatcars souons

life-changing treatment and prevention
Demonstrate global leadership to proactively

Sustainability at manage our environmental impact across
AstraZeneca is about using Sl our acthlies and products

our capabilities to make e — © Create positive societal impact and promote
the most meaningful impact " yiealthy peopje ethical behaviour in all markets across our
where society needs it — value chain

health. We know the health

of people, the planet and our

business are interconnected,

each impacting the others. @ Our sustainability approach
Cur goal is to always be moving @ Systems thinking — recognising that
our organisation towards greater : 1 our globalised world binds us together
sustainability, Our efforts in sustainability Sustainability ina dymmnc complex network of

go beyond meeting our annual and at AstraZeneca relationships. We know the health of

people (including our workforce, patients
and society at large), the planet and

our business are interconnected. The
scale and severity of the issues we face

longer-term targets. We must continually
evolve our mindset and our practices

to meet changing times. This is both a
responsibility and a business opportunity.

Using our capabilities to
make the most meaningful
impact where society

needs it - health. 7] today require us to assess all options
ﬁ simultaneously. We look for opportunities
Q that offer synergies and address
, @ systemic issues
Our sustainability strategy 423? @ Long-termism — acknowledging

there are no quick fixes; anticipating
and designing out unintended impacts;
observing how impacts change over time;

Our sustainability strategy is guided by a
materiality assessment. This robust process
determines the topics that are most important to

AstraZeneca and our stakeholders, giving us the bulding resilience

opportunity 10 achieve the most positive impact. @ Aiming to leave things better than we
We have 16 material focus areas, which are found them — we differentiate between
grouped under three inteérconnected priorities — addressing our negative environmental

Access to healthcare, Environmental protection impacts and creating the conditions for

and Ethics and transparency deep, lasting sustainability
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AstraZeneca Data Summary 2020

ot ;
‘ !+« Greenhouse gas reduction

Targets Highlights KPlIs
e S R

2025 target
Eliminate Scope 1 and 2 emissions by end of 2025. N —60% Scopa
2020 update N reduction Scope 2 - Market based*
Reduced Scope 1 and 2 emissions by 60% since 2015 Total Scope 1 &2
since 2015. Scope 1 & 2 intensity (tCO.e per million
90O 2015 2018 2019 2020 S of revance)
Status: On plan 027021 413,087 385487 248,006 Scope 2 - Location based* *
Outside of Scopes
Road fleet electrification (CO, of biological origin)
2025 target
100% zero emissions road fleet by 2025.
* New electric
2020 update vehicles target

Our electric vehicles fleet represents 0.3%
of our total fleet.

oo 0O
Status: On plan

26

set in 2020 Total vehicles - leased

Percentage of leased hybrid vehicles
Percentage of leased vehicles that are PHEV
EV100: Electric Vehicle fleet

December 10, 2021
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& :
lyh Greenhouse gas reduction

Targets

Highlights KPIs

Energy consumption

2025 target

Reduce total energy consumption

by 10% fram 2015 to 2025,

2020 update

Total energy use was 1,595,330 MWh,
representing a 13% reduction from the
2015 baseline.

90O
Status: On plan

AstraZeneca Data Summary 2020

S—— e T

Total energy use (MWh)

JB28, 6612

reduction Renewable eneray - electricity and heat (MWh)
since 2015 RE100: Renewable electricity use”
Renewable electricity - on-site solar PV (MWH)
Renewable electricity - imported (MWh)
Renewabls slectricity - Importad

2015 2020

Energy productivity

2025 target
Dauble snargy productivity from 2015 1o 2025,

2020 update

Enengy productivity increased by 23% since 2015.

e 0O

Status: On plan

EP100: Energy productivity (milion USD par GWh Onsite self-ganarated alectricity from
total energy) non-renewable sources (MWh)

%

2015
baseline 2020
13.5 16.7

Renewable electricity

2025 target

100% renewable electricity consumption
globally by 2025,

2020 update

BE9% of all electricity use came from renawable
sources in 2020.

*—o 0O

Status: On plan

Total renewable electricity consumption

December 10, 2021



28

Targets

» :
ly |+« Greenhouse gas reduction

Highlights

Scope 3 emissions

2025 target
Reduce selected Scope 3 emissions by 20% from
2015 1o 2025,

2020 update
In 2020 we continuead improvement in amission
management from selected souncas:

= 29% reduction in freight & logistics amissions
since 2015.'¢

- 6% Increase in waste incineration amissions Business air 2015 119,863
since 2015. travel s 152237
- 76% reduction in business air travel emissions ? -E.‘BQGEI._
since 2015. )
= 11% reduction in first tier AP| formulation and First tier AP] 2015 128,119
packaging energy emissions since 2015. W 2018 162891
hackaging [ EOISMINIISSI0
0800 energy 2020 113989
Status: On plan
AZ Forest Number of trees planted
2025 target
A 2025 target
Plant and steward 50 million surviving treas. {:; x}. 0 million
2020 update VAN
337 357 trees planted in Australia and Indonasia. ’% ?:"
90O / ', 2020 progress

Status: Lagging

AstraZeneca Data Summary 2020

KPIs

Freight & logistics (within Category 4) 10,0 143246° 155560 [[4B5011 101250
Freight giscs A2SeatRatconversanomesan) 4% 6% ITORIN 7%
Freghtdlogstics Ar2Seathal conversion vohume)  40%  se%  [IIEBSIN 7o%
Waste incineration (within Category 5) (CO, e} 2482 24034 | 24331 238%
Business air ravel (within Category 6) (CO,8)° 119863 152237 [JEi0isestl 2863
s,
formulation and packaging (F&P) energy (one

yaar in arnears, 90% of spand in each category)

(within Gategory 1) (tCO,e*

BMDI use phase (within Categery 11) (1CO,e) 706936 869,137 [1012732° 978895

Trees planted
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To address greenhouse gas emissions, we follow a hierarchy

Ambition Zero Carbon 2025

Aim: no residual emissions
Strategy: secure supply of credits

©

Avoid Reduce

Improve efficiencies and
change energy use
behaviour

3300]

= Continuous Improvement

Through green design and
new ways of working

Circularity: Assets,

Products, Processes i&anOiOi} NRRC
. » Assess & Invest: GG
Asset strategy Capital Fund

© @

Substitute Compensate

High-quality carbon removal
projects for residual/
accidental emissions

Substitute energy use with
renewables and lower
impact fuels/vehicles

REE ©evid

Ren. Energy PPAs & Fuel
Switch /Electrification

* Value Chaimn CO?2
Removal Technology —

Electric Vehicles R -
very high unit cost

Low/Zero GWP refrigerants N
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Ambition Zero Carbon — Mt. Vernon Campus

PERMITTED PARANETERS:
Particufate Mitiar (PM)
Narogen Quides (NOx)
Hydrochinne Aokt (HCH)
Catbon Diose (CO2)
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“Almost all scientific inquiry begins with
an observation that piques curiosity or
raises a question”
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