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A Brief Look at the 
Science of Carbon
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Picture Source:  NASA Earth Observatory, 2011

A Brief Scientific Look at the Carbon Cycle

The photosynthesis cycle, where plants absorb carbon dioxide 
and sunlight to create sugars.  This process forms the foundation 
of the fast (biological) carbon cycle 
(illustration adapted from PJ Sellers et al., 1992)

FA
ST

 C
YC

LE
SL

O
W

 C
YC

LE

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. 

This diagram of the fast carbon cycle shows the 
movement of carbon between land, atmosphere, 
and oceans. Yellow numbers are natural fluxes, and 
red are human contributions in gigatons of carbon 
per year. White numbers indicate stored carbon. 
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Correlation of Carbon Emissions and Global Temperature

The Paris Agreement:
The treaty recommendation was to set 1.5 degrees Celsius limit as a 
“defense line” — if the world can keep below this line, it potentially 
could avoid the more extreme and irreversible climate effects that 
would occur with a 2 degrees Celsius increase, and for some places, 
an even smaller increase than that.
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Graphic from Wisevoter Website

A Look at Annualized “Human” Carbon Emissions by Country
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Graphic from Brookings Institute Website

A Look at Global Carbon Emissions by Sector
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GLOBAL WARMING POTENTIAL (GWP) - Equivalencies
Comparison of other gases to the effect of Carbon Dioxide

Chlorofluorocarbon (CFC)

Sulfur hexafluoride (SF6)
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The Status of  
Alternative Energy
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Challenges and Horizons for 
Sustainable Technologies
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Graphic from EIA Website

Energy Consumption in U.S. (2010 – 2050)
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Graphic from EIA Website

The Status of Renewable Energy Consumption in United States
(including Nuclear Power)
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Indiana - Mammoth Solar Farm

• The Mammoth Solar farm will be built 
across Starke and Pulaski's county 
lines, and the initial construction site 
will be in a rural area about 50 miles 
(80 kilometers) southwest of South 
Bend. Doral Renewables is building the 
solar farm as part of an agreement 
with American Electric Power

• The 13,000-acre Mammoth Solar farm 
will become partially operational by 
mid-2023 and it will start off producing 
400 megawatts of electricity, enough 
to power 75,000 households.

• 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.

This is currently the largest solar farm installation in the United States 
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Alternative Energy – Current & Future   

Solar
Install: $3k-$5k (per kW)  

Carbon Capture 
Use and Storage

Op: $15-$120 (per t CO2)

Artificial 
Intelligence

Fusion

FissionHydroelectric

Wind
Install: $14k (per kW)

Digitization
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Tidal
Install: $7k (per kW)

Storage

Hydrogen
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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.

• 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 more in 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 specific industries but 
is an example of how carbon dioxide can be used as a resource and a solution in 
reducing emissions from the atmosphere.

What can we do with Current Carbon Emissions?

Biological

Geological

Carbon Capture, Use,
And Sequestration/Storage

Technological

Other Technology to Consider

Electric Boilers Turbine (CHP) Geothermal
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AstraZeneca’s 
Approach
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Ambition Zero Carbon 2025



Who are We?
We are a global, science-led 
biopharmaceutical business and our 
innovative medicines are used by millions 
of patients worldwide.

Oncology   Respiratory   Specific
Cardiovascular, Renal and Metabolism

Our purpose:
We push the boundaries of science to deliver 
life-changing medicines.

https://www.bevespi.com/
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“AstraZeneca announces $400 million investment in reforestation 
and biodiversity in support of climate action and human health”      

   – Announced June 28, 2023

“AstraZeneca announces innovative partnership with 
Vanguard Renewables to decarbonize its United States sites”
              - Announced June 13, 2023
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Ambition Zero Carbon – Mt. Vernon Campus

3 MW Solar Farm installation 
completed in July 2023, 
consisting of ~8,760 panels on 
15 acres, which will substitute 
15-20% of imported electricity 
consumed. 

Electric Boiler 
Technology 
installation in 2024 
that will offset 
remaining 11,800 
mT CO2 (eq) 

Low Carbon Fuels

Electrification

Carbon 
Capture

Circular 
Economy

Efficiency



Mt. Vernon’s Glidepath to Zero Carbon

Green Electricity Initiative

Boiler Burner Tuning  
Optimization

Air Handler Flow 
Optimization 

Off-shift temperature 
setbacks, Steam recovery, 
106 HVAC improvement

Electrification of Primary 
Boiler System

15,538 15,538
13,488 11,802

13,09414,760

8,930

1,602
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Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove  
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the  
contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 1 Francis Crick Avenue, Cambridge Biomedical Campus,  
Cambridge, CB2 0AA, UK, T: +44(0)203 749 5000, www.astrazeneca.com
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“Almost all scientific inquiry begins with 
an observation that piques curiosity or 
raises a question”
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