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Astrazeneca’s Ambition Zero Carbon’ strategy to eliminate
emissions by 2025 and be carbon negative across the entire
value chain by 2030

# 2

WHO calls for transformative
action towards a greener future
in pharmaceutical
manufacturing and distribution

December 2024 | Departmental

| ) Sustainability: A key differentiator as biopharma faces

Classification: Official m M a n u f a C.t u rl n g

Transport
England

Storage

Delivering a ‘Net Zero’
National Health Service

New UKRI funding aims to enhance UK
sustainable biomanufacturing

GSK

Our pathway to reach net zero carbon by 2030
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COP26: Biopharmaceutical Industry Actions
to Tackle Climate Change
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To help get ahead of disease and deliver real human health
impact we need to look broadly and deeply at the
interconnections of climate, nature and health.

Were committed to a net zero, nature positive, healthier
planet, with ambitious goals set for 2030 and 2045.

=1 = To build a more sustainable future, we've
AbeIe S science- set ambitious emissions reduction targets
that are in line with the Paris Climate
based tq rg ets to Agreement. Our targets, which have been
: 0 validated by the Science Based Targets
lower emissions

initiative (SBTi), include:

W 200

= Reducing absolute scope 1 and 2 CO2 emissions by 42% from a
2021 base year

= Reaching 100% sourcing of electricity from renewable sources

Amgen 2027 Amgen Breda's Environmental Sustainability Successes
Environmental
Sustainability Goals
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Operating conditions

X It’s inflexible

X It costs

X Isolates process steps
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Challenge #1: Performance variability

Challenge #2: Unit operation interdependency

» Sachio et al. (2023), Chem Eng Res
Des, 197, 800-820

* Michalopoulou & Papathanasiou
(2025), Dig ChE, 14, p.100215

+ Galeazzi et al.(2025), J Chrom A,
21:46619

* Design space
identification
* Hybrid modelling

+ Pessina et al. (2026), DChE, Dr Ranjith Dr Andrea Dr Steven Dr Foteini Daniele * Process control
1;18:100292 . . . . :
+ Chiplunkar et al. (2026), Chem Eng  ChiPIUNkar Galeazzi Sachio Michalopoulou  Pessina

Sci, 16:124255 15
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3. Design Space Analysis

Alpha shape hull

Y

[ Acceptable operating region identification ]

!

[ Acceptable ranges quantification ]

E Python package:
I dside.readthedocs.io

Beta software package

Sat: Satisfied pointso-5 1.0

Vio: Violated points
DSp: Design Space

Qin
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Tioad (Min)

also available
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e Design space size = 0

Over 20k combinations
screened and assessed

5k design spaces generated
Trade-off quantification
Process resilience to variations

achio et al. (2023), Chem Eng Res Des, 197, 800-820
Sachio et al (2024), J. of Chrom. A, 1722, p.464890
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https://dside.readthedocs.io/en/latest/?badge=latest
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assessed Data quality plays a key role (more
Consumption and than quantity)

growth kinetics captured

AstraZeneca 2 Pessina et al. (2026), DChE, 1:18:100292 Galeazzi et al.(2025), J Chrom A, 21:46619
Pessina et al. (2024), Industr & Eng Chem Res, 64 (24), 12025-12035
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Michalopoulou & Papathanasiou (2024), AIChe J, e18600
Michalopoulou & Papathanasiou (2025), Dig ChE, 14, p.100215
Michalopoulou (2025), Incorporating Al Tools Into Downstream Process Optimization, Bioprocess Online
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Hidden layers
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Input 1 I —
AA’I“ "A\ g0 —— High-Fidelity
Input 2 “' g’ 0.35 --- Hybrid
. . - —-— Data-Driven
"A. "A . » 0.30 -
. ’ . ko)
. / \. h;,_ 0.25 1
Input n
= /A\ ¥ 0.20
; ; c 0.15
; ; e
4+
O Input Layer: = 0.10
* All operating conditions — understanding of the process § 0.05
e Dynamic Inputs — understanding of the time step S 0.00 e i
i 50 60
) Time (min)
O Hidden Layers:
e 1-4 hidden layers — uniform structure
* 16— 256 neurons
Q Output Layer:
. Michalopoulou & Papathanasiou (2024), AIChe J, e18600
* Concentrations at end of column Michalopoulou & Papathanasiou (2025), Dig ChE, 14, p.100215
e Predictions at CSS Michalopoulou (2025), Incorporating Al Tools Into Downstream Process Optimization, Bioprocess Online
20
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Sarkis et al. Comp. Chem. Eng. Decarb. And Circ. Economy SI, 205, 109454
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Sarkis et al (2025). Comp. Chem. Eng. Foundations of Computer Aided Process Design, Special Issue, 201, 109197 Dr Miriam Sarkis
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Continuous
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Process
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Current Opinion in Chemical Engineering
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