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Annual total CO2 emissions by region
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Global CO2 atmospheric concentration
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360 ppm While enabling over 200 years of
industrialization and development,
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contributed substantially to the rise
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Breakdown of total greenhouse gas emissions by sector, measured in
tonnes of carbon-dioxide equivalents (CO,e).

Carbon dioxide equivalents measures the
total greenhouse gas potential of the full
combination of gases, weighted by their
relative warming impacts (methane, N,0,
others)

Non-energy sectors such as cement
production agriculture, farming, forestry
and land-use change are also major
contributors to GHG emissions, and are
equally or more difficult to mitigate.

- Other sources
— Waste
Industry

Residential &
40 billion t commercial
—— Transport
—— Forestry
30 billion t Land use sources
Agriculture
20 billion t
10 billion t Energy

0t
1991 1995 2000 2005 2010




............... e Action 2020 T Clear NAP Expo com Submission Portal , FUl Clearing House for Risk Tranafer NazZCA More~ 1
UNFCCC Cut Global Emissions by 7.6 Percent Every Year for Next
D T e . Decade to Meet 1.5°C Paris Target - UN Report
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READ: WHAT THE SCIENTISTS SAY

READ: LATEST PUBLICATIONS ON GLOBAL ACTION z
Madrid, Spain from 2 to 13 December untries will r

ambitious plans to limit global warming to 1.5°C, in line with the Paris

Agreement

The United Nations Framework Convention on Climate Change is the main international agreement on climate
actions. The UNFCCC entered into force on 21 March 1994.

«the growing accumulation of man-made greenhouse gases (GHG) would enhance the greenhouse effect, resulting on average
in an additional warming of the Earth’s surface by the next century, unless measures were adopted to limit emissions»

Today, it has near-universal membership. The 197 countries that have ratified the Convention are called Parties to
the Convention.

Since then there has been two issues related to the UNFCCC:

Ratification of the Doha amendment to the Kyoto Protocol (country reduction targets) , which concerns
commitments under the second period, running from 2013-2020.

Paris Agreement — or COP21 is a new global climate change agreement covering all UNFCCC countries, its
ratification, implementation and enters into force in 2020.

The Paris agreement sets out a global action plan to put the world on track to avoid dangerous climate change by
lNimiting global warming to well below 2°C and pursuing efforts to limit it to 1.5°C. :

P https://www.cop25.cl/#/
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a) Observed global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways

Global warming relative to 1850-1900 (°C)

Observed monthly global
mean surface temperature

Estimated anthropogenic
warming to date and

range

Likely range of modeled responses to stylized pathways
|Global CD2 emissions reach netzero in 2055 while net
non-COz radiative forcing is reduced after 2030 (greyinb, c & d)

2017 » [ Faster COz reductions (blue in b & €} result in a higher
probability of limiting warming to 1.5°C

> [JNo reductionof net non-CO: radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C
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b) Stylized net global COz emission pathways
Billion tonnes CO2 per year (GtCO2/yr)

¢) Cumulative net COz emissions

d) Non-CO:z radiative forcing pathways
Billion tonnes CO2 (GtCO2)

Watts per square metre (W/m?)
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INTERGOVERNMENTAL PANEL on ClimaTe change
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Maximum temperature rise is determined by cumulative net COz2 emissions and net non-CO2
radiative forcing due to methane, nitrous oxide, aerosols and other anthropogenic forcing agents.
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Measures are needed !
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Each Party’s Intended Nationally Determined Contribution (INDC)
submitted for the Paris Agreement will formally become an NDC when

‘} each Party ratifies the Agreement. This publication uses the term NDC
to refer to both cases (INDC and NDC
N ‘ )




Technologies and Research Topics ©y

The Department of Civil and Industrial Engineering of Pisa University is involved in several projects
concerning carbon reduction, the Climate Change and access to energy, in collaboration with

Public and Private organisations, and internatig)nal networks.
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Topic #1: Natural gas and hydrogen /syngas for the transition to a

decarbonized fuel

Motivation
* Energy efficiency
* Improve NG utilization

* Utilization of alternative fuels (NG/H, mixtures, biogas/bio-methane) in industrial and domestic

applications
How?
* Advanced simulations for optimization (pollutants, CO,, efficiency)
* Pilot and bench test of burners and componenets

Partners (some)
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Prof. Chiara Galletti
Prof. Leonardo Tognotti
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Topic #1: Natural gas and hydrogen /syngas for the transition to a \ a8
decarbonized fuel

NOVEL COMBUSTION TECHNOLOGIES (flameless or MILD combustion)
* development of numerical models

* improve burner design
* use of alternative fuels /

AIR nozzles

CFD with detailed mechanism
—'————-——-—'—“‘-—‘
—

state-space data at

’ mixture fraction

constraints

FUEL nozzle

CFD with reduced mechanism
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Topic #2: Reducing emissions from energy generation:
Biomass & Biofuels

Motivation:

* Near-zero emissions options for energy generation at local and medium
scale are represented by renewables. While these technologies continue to
be developed, additional technical breakthroughs will be needed to
achieve cost-effective deployment at the scale needed to transform the
energy system.

* The main objectives were to demonstrate the feasibility and availability
of technologies for local, small scale, distributed generation

How:

*  Biomass combustion, in collaboration with DESTEC -Department of
Energy, Systems, Territory and Construction —

* Biomass gasification and anaerobic digestion have been the main topics
of research of DICI in the last decade, including biofuel production -
biomethane, torrefied biomass, etc.

People:

* Prof. Leonardo Tognotti
» Prof. Cristiano Nicolella
* Prof. Chiara Galletti

* Dr. Federica Barontini
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Topic #2: Biomass
Combustion/Gasification/Anaerobic Digestion

Semi- & industrial scales
» Gasification: downdraft reactor
* Pyrolysis: fixed-bed reactor with tar sampling
* Combustion: fixed-bed boilers

Joint modelling and experimental
investigation

Pilot-scale

» High temperature and heating rate test
/ * Kinetics from CFD qualification procedures
[t T

Lab-scale
* Fuel fingerprinting

*  TG-FTIR, tar analysis

» Kinetics from TGA and DTR

= x e 0
+ Combustion: CFD-XDEM models for moving

grate boilers
CNCl

Morphology T’%




Topic #3: the future: CO2 capture and use

Paving the way — A selection of today’s carbon capture and utilization pathway P industrie Bitossi
CO, CAPTURE PROCESS

Carbonates DRipP CASTING TECHNOLOGY
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Our roadmap for decarbonization

TARGETS @ 2025

UPS UNITARY DIRECT EMISSIONS
- 432% vs 2014

L
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TARGETS @ 2030
v ¥ g

I ZERO ROUTINE GAS FLARING

FUGITIVE EMISSIONS | MtCHA
- 80% ws 2014

NET ZERO
EMISSIONS

Increased Forestry Growing Zero carbon Circular
efficiency projects share of gas sources approach

NEW TECHNOLOGIES
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GHGE targets referred to Scope 1 emissions
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Thank you for your attention




