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Sustainability — google «news 29.8.2023»

YETICMO ON THE BRAND’S NEW
Bass Coast mum completes 100 Day Dress VIRAL ADS—AND PRODUCT AS THE
Challenge with focus on sustainability PROOF POINT OF SUSTAINABILITY g [ MewvorkTimes

https:/# nytimes.com » topic > subject » sustainabl...

DEdlL IDEGU UL TIEW YUIR UIHED SUSLdilid)

The company’s clever outdoor boards have been getting .
ABC Gippstand / By Wilam Howard lots of attention, but they’re only part of the story Sustainable Development

By Tim Nudd, Published on August 28, 2023. News about Sustainable Development, including commentary and archival articles published in

EER

The New York Times.

z The New York Times
https:#www. nytimes.com » topic » subject » sustainabl...
Sustainable Living
Lawmakers in AIDEH}’ voted to UES|gnate communlt\; gardens statewide as crucial to the urban
environment, ESDECIBII}’ in the flgh[ agamst climate change The bill

Forbes WASTE LESS e The New York Times

€ hitps:/www.nytimes.com - topic » subject » sustainabl...

FORBES > INNOVATION > TRANSPORTATION

EDITORS' PICK

Current Climate: GOP
Presidential Candidates’
Missed Opportunity On g e NewYorkTimes

https: v nytimes.com » topic » subject » sustainahl...

Sustainable Business - The New York Times

Almost all climate finance focuses on mitigating climate change. But money is increasingly
pouring in to helping people adapt to the effects of global warming

Sustainability i Sustainable Design
The proposal is designed to help speed the country's transition to electric vehicles, one of the
ftei”fi"f;”fi?j;mg R Si nga pore a nd Vie‘l'n am ex pq n d Scope of president's signature efforts to fight climate change. By Coral ...
I cover advanced transportation and climate-oriented technology, ec o n o m Ic c oo p e rq 1 I o n’ s I g n d e q I s o n
sustainability, innovation : i
This weeks Current Climate, which every Saturday brings you the latest news Dubai’s real estate market needs sustainable pricing
about the business of sustainability. Sign up to get it in your inbox every week. . . sy
for middle-income families
— WA n EReRETE | ArETmarm weree Dugasta Properties is launchinga scheme that offers 8% guaranteed returns
Ha Noi, 23‘.“(.12‘13 Ha Noi, ngay 28 thing § ndm 2023 z Ng Hong Siang

AR BIS SIS BN )

0-298M)

o000

News | 26 Aug, 2023

—
IUCN welcomes new Biodiversity fund and strengthens
partnerships for conservation and sustainable
development at Seventh GEF Assembly

These projects are implemented with Members throughout the regions, countries, and offices where [UCN
works and cover themes including: biodiversity conservation, sustainable forest and land management,

restoration, International Waters, climate adaptation, IPLC-led conservation, and more.



Introduction — 17 UN Sustainable Deviopment Goals
LSALS

GENDER
EQUALITY
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Which of those goals are linked to chemistry or chemical engineering?
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Introduction — Sustainable process engineering

« Sustainable development

— Meets the needs of the present without compromising the ability of future generations to meet their own needs
(definition of the Brundtland Report (1987))"

— Sustainable development depends on the extend of utilized resources and generated waste
 Natural resources need to be utilized sustainably to prevent depletion of supplies in the long run
* Any waste should be generated at lower rates than the natural environment can readily assimilate them

« 25 W% of natural resources extracted from earth comes out as goods and services (Charpentier, 2016, Procedia
Engineering 138)

" Brundtland report: developed guiding principles for sustainable development
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Introduction — 3P pillars

Eco-efficiency
(viable)

Ecological
(Planet)

Reference: Sheldon, R.A (2018), Szekely, G (2021)
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Economic
(Profit)

Sustainable
Development

Socio-Ecological
(bearable)

Socio-economic
(equitable)

Societal
(People)
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Introduction — Sustainable development

Multi-scale modelling
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Currant Opinion in Chemical Enginearing
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Green chemistry
Green engineering
Sustainability

Transferring processes from one scale
to the other: temporal and spatial
challenges/interdependance

Reference: Guillén-Gosalbez et al (2018)
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Introduction — Green chemistry and sustainable
chemistry

- Green chemistry is the design of chemical products and processes that reduce or eliminate the use or generation of
hazardous substances. Green chemistry applies across the life cycle of a chemical product, including its design, manufacture,
use and ultimate disposal. Definition from EPA (environmental protection agency)

- Sustainable chemistry is a subset of green chemistry

* Incorporates the design, manufacture, and use of efficient, effective, safe, and more environmentally benign chemical
products and processes.

* Incorporate the concept of sustainability into production and use of chemicals and chemical products
« Enable industrial processes to produce better products, mitigate pollution and increase profit margins.

* Green engineering is the design, commercialization and use of processes and products in a way that reduces pollution,
promotes sustainability and minimizes risk to human health and the environment without sacrificing economy viability and
efficiency. Definition from EPA (environmental protection agency)
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Improve sustainability of a chemical process

The 12 principles of green chemistry
Prevention

Atom economy

Less hazardous chemical syntheses
Designing safer chemical

Safer solvents and auxiliaries

Design for energy efficiency

Use of renewable feedstocks

Reduce derivatives

Catalysis

Design for degradation

Real-time analysis of pollution prevention
Inherently safer chemistry for accident prevention

TUV SUD PROCESS SAFETY | Health Safety Sustainability

Prevention instead of treatment
Design for separation

Maximize efficiency

Output-pulled versus input-pushed
Converse complexity

Durability rather than immortality
Meet need, minimize excess
Minimize material diversity
Integrate material and energy flows
Design for commercial «afterlife»
Renewable rather than depleting

Sep & Oct 24

The 12 principles of green engineering

Inherent rather than circumstantial



Introduction — Health and Safety: link to sustainability

e Health:

« Safety
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European regulations and efforts

« REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals)

« EU Green Deal — becoming climate neutral by 2050
« Chemical Strategy for Sustainability (CSS) towards a toxic-free environment

« Seveso Directive (major accident prevention)

TUV SUD PROCESS SAFETY | Health Safety Sustainability
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REACH objectives

Ensure a high level of protection of human health and the environment against harmful substances

Assess the safety of chemical substances in use in the EU

Promote innovation and competitiveness
Promote alternative (non-animal) methods for the assessment of the hazards of substances

REACH Regulation (EC 1907/2006) entered into force in 2007
Currently under revision
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Why REACH?

* |nsufficient information on chemicals

Information about high-volume chemiecals

Testad
3%

Minimum data
(base sat)
11 %

Mo data
21 %

Very little data
(less than base set)
65 %

Global production of chemicals evolution:

Year 1930 2005
Tonnes/y| 1 million | 400 million
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REACH: how to reach the objectives?

Registration

Evaluation

Authorisation
Restriction of Chemicals

Risk Identification
of the substances

Risk Assessment ' Risk Management

of the substances | of the substances
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REACH registration dossier

> Registration dossier is the set of information submitted electronically by a
registrant for a particular substance

~ Y,
-t @i >10
zZY i S
Y/ Technical . '
echnica Chemical
dossier \. Safety Report |

Technical dossier consists of two main components:
" technical dossier, always required for all substances subject to the registration obligations

® chemical safety report, required if the registrant manufactures or imports a substance in
quantities of 10 tonnes or more per year. The chemical report is the documentation of the
chemical safety assessment (CSA)
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REACH registration dossier — Chemical safety
assessment

Human health hazard assessment
» Goal define the DNEL (derived no effect level) for humans: level of exposure above which humans should not be exposed

Physicochemical hazard assessment
« Classification and labelling

Environmental hazard assessment

» Goal define the PNEC (predicated no-effect concentration) below which adverse environmental effects are not expected to
occur for the environment

Persistent, bioaccumulative and toxic (PBT) and very persistent and very bioaccumulative (vPvB) assessment

Depending on the results of the assessment
« Exposure assessment

» Generation of exposure scenario(s)

* Exposure estimation
* Risk characterisation

‘ Register a substance and uses
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REACH registration dossier — Uses

Example of uses

Formulation of a paint Substances and mixtures are used in a mixing process. The use consists of several activities,
such as the handling of raw materials and loading of vessels, the mixing process and the filling
of paint into containers. In addition, vessels may have to be cleaned

Electroplating of metal Electrolytes (substances or mixutres) are used to cover metals. The use consits of several
activities, such as the preparation of the electroplating baths (filling and adjustment), the
immersion of parts into the baths and the drying of parts. Cleaning and maintenance activities
are also part of the use.

Blowing of plastic films Raw materials of polymer compuonds are mixed, filled into the extruder, heated and blown, the
material is cooled and packaged

Reference: ECHA Guidance for downstream users Version 2.1 october 2014
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Exposure assessments

[ - ECHA +¥———-y — — — — — — — — |
| |
* Use
. Report OU
» Exposure scenario based on: CSR or Dossier Evaluation

exemptions

» Substance properties

* Frequency of application (operational conditions: OC) I Repi
) | egistrant - —— — — —
* Risk management measures (RMM) |
' 1
|
| Formulator Sector
| ({Downstream user) organisation
By
| % E (Extended)
| =15 | SDS
| L
e T I
Lo ] End-user Lea
{Downstream user) . information

Reference: ECHA Guidance for downstream users Version 2.1 october 2014
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Example of operational conditions and risk
management measures

Identified use

Type of
activity/use

Operational
condition

Concentration
Duration
Frequency

Risk
Management
Measures

Ventilation
conditions

Containment

Example 1

Industrial use of a hard surface cleaner
Washing and cleaning product
Dilution of a concentrated solution
Spray onto surfaces to be cleaned.

Wiping off surface with a cloth.

> 25%
1 hrs/day
5 workdays/week

The application takes place indoors
Normal air exchange of 0.5/hr

Open process

L

L

Example 2

Industrial use of a hard surface cleaner
Washing and cleaning product
Dilution of a concentrated solution
Spray onto surfaces to be cleaned.

Wiping off surface with a cloth

> 25%
8 hrs/day
5 workdays/week

The application takes place outdoors

Open process

Reference: ECHA Guidance for downstream users Version 2.1 october 2014
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REACH chemical safety assessment

Substhnze MiTin e propertiss RMM: risk management measures
b i A ol OC: operational controls
PBT: persistent bioaccumulative and toxic
vPVB: very persisent and very bioaccumulati
CSR: chemical safety report

| (RMM anc ES: exposure scenario
sl b ; SDS: safety data sheet
CSA: chemical safety assessment

Hazard Assessment (HA) Exposure Assessment (EA) *

Hazard classification and PET . Build Exposure Scenarios

Article 14(4) y

n
crteria?

Document in
CSR
h . 'For PEBT/vPvB . amission characterization
Communicate el
ES via SDS Reguired if the substance fulfils any of the ariteria of Reguired  for
- ;s the Artick 14(4) hazard clhsses or categories or aliC5As

PBT/vPvB or exposure baszed waiving asccording to
Arnnex XI

Y n i
—_— Iteration

controlled?

Reference: ECHA Guidance for
downstream users Version 2.1 october
2014
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Example of use registration

Safety data sheet Safety data sheet
acc. to Regulation (EC) No. 1907/2006 (REACH)

Benzene ROTIPURAN® 299,5 %, p.a.

article number: 7173 date of compilation: 2017-09-29
Version: 3.0 en Revision: 2022-08-03
Replaces version of: 2019-09-24

Version: (2)

SECTION 1: Identification of the substance/mixture and of the company/

undertaking

1.1 Product identifier

Identification of the substance Benzene ROTIPURAN® =99,5 %, p.a.

Article number 7173

EC number 200-753-7

CAS number 71-43-2

1.2 Relevant identified uses of the substance or mixture and uses advised against

Relevant identified uses: Laboratory chemical
Laboratory and analytical use

Uses advised against: Do not use for products which come into contact
with foodstuffs. Do not use for private purposes
(household).

TUV SUD PROCESS SAFETY | Health Safety Sustainability

1. ldentification
Product identifier

Benzene (REACH region)

Chemical name: Benzene
CAS Number: 71-43-2

Relevant identified uses of the substance or mixture and uses advised against

Relevant identified uses: Only to be used as intermediate according to the REACH Regulation (EC)

No 1907/20086, art. 18
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Example of use registration

Safety data sheet
according to Regulation (EC) No. 19072006 (REACH)

Ethanol 96 %, Ph.Eur., extra pure

article number: PO75 date of compilation: 2015-07-27
Version: 7.0 en Revision: 2022-12-16
Replaces version of: 2021-05-12

Version: (6)

1.1 Product identifier

Identification of the substance Ethanol 96 %, Ph.Eur., extra pure
Article number PO75

Registration number (REACH) 01-2119457610-43-xx0xx

Index number in CLP Annex VI 603-002-00-5

EC number 200-578-6

CAS number 64-17-5

Alternative name(s) Ethyl alcohol

1.2  Relevant identified uses of the substance or mixture and uses advised against

Relevant identified uses: Laboratory and analytical use
Laboratory chemical
Industrial uses
Professional uses

Uses advised against: Do not use for products which come into contact
with foodstuffs. Do not use for private purposes
(household).

TUV SUD PROCESS SAFETY | Health Safety Sustainability

&

1.2. Relevant identified uses of the substance or mixture and uses advised against

Relevant identified uses: process chemical, solvent(s)

For the detailed identified uses of the product see appendix of the safety data sheet.
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Example of extended SDS

Contributing exposure scenario

PROCB8a: Transfer of substance or mixture (charging and
discharging) at non-dedicated facilities

Use descriptors covered 2/ -
Use domain: professional

Operational conditions

2-(2-butoxyethoxy)ethanol

Concentration of the substance Content: >=0 % - <= 100 %

Physical state liquid

Vapour pressure of the substance 2,91976 Pa s

during use POF

Process temperature 20°C SDS

Duration and Frequency of activity 480 min 5 days per week

Indoor/Outdoor Indoor
Risk Management Measures
Provide a good standard of general or
controlled ventilation (5 to 10 air Effectiveness: 70 %
changes per hour)

Use suitable chemically resistant
gloves.

Use suitable eye protection.
Exposure estimate and reference 1o its source

Effectiveness: 80 %

Assessment method EASY TRA v4.1, ECETOC TRA v3.0, Worker
Worker - dermal, long-term - systemic

Exposure estimate 2,7428 mg/kg bwiday

Risk Characterization Ratio (RCR) 0,033046

Assessment method EASY TRA v4.1, ECETOC TRA v3.0, Worker
Worker - inhalation, long-term - systemic

Exposure estimate 50,6958 mg/m?

Risk Characterization Ratio (RCR) 0,75105

Assessment method EASY TRA v4.1, ECETOC TRA v3.0, Worker
Worker - inhalation, long-term - local

Exposure estimate 50,6958 mg/m?

Risk Characterization Ratio (RCR) 0,75105

Guidance 1o Downstream Users
For scaling see: http://www.ecetoc.org/tra
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REACH evaluation

 Dossier evaluation: ECHA checks that registration dossiers contain the information on chemicals required by the legislation.
« Substance evaluation: Member states evaluate substances after they have identified specific concerns.

* Following the assessment, registrants may be required to submit or generate additional information on the substance.
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REACH authorisation

« REACH Regulation sets up a system under which the use of substances with properties of very high concern and their placing
on the market can be made subject to an authorisation requirement. Such substances are included in Annex XIV of the
Regulation and may not be placed on the market or used without an authorisation. This authorisation requirement ensures
that risks from the use of such substances are either adequately controlled or outweighed by socio-economic benefits. An
analysis of alternative substances or technologies will be a fundamental component of the authorisation process.

« 59 substances (June 2023)

- Candidate List of substances of very high concern for Authorisation: Candidate List of substances of very high concern for
Authorisation - ECHA (europa.eu)

« 233 substances (including the ones already in Annex XIV) (June 2023)
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https://echa.europa.eu/candidate-list-table

REACH restriction

* Any condition for or prohibition of the manufacture, use
or placing on the market of a substance. The
substances restricted under REACH and the conditions
of their restrictions are included in Annex XVII of the
Regulation.

» The restrictions procedure is a safety net to address
unacceptable risks to human health or the environment,
arising from the manufacture, use or placing on the
market of substances, which need to be addressed on a
Community-wide basis.

TUV SUD PROCESS SAFETY | Health Safety Sustainability
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Designation of the substance. of the group of substances or of the

Column 1

mixture

Column 2
Conditions of restriction

76.
N,N-dimethylformamide
CAS No 68-12-2

EC. No 200-679-5

. Shall not be placed on the market as a substance on

its own, as a constituent of other substances, or in
mixtures in a concentration equal to or greater than
0.3 % after 12 December 2023 unless manufacturers,
importers and downstream users have included in the
relevant chemical safety reports and safety data
sheets, Derived No-Effect Levels (DNELs) relating
to exposure of workers of 6 mg/m’® for exposure by
inhalation and 1,1 mg/kg/day for dermal exposure.

. Shall not be manufactured, or used, as a substance

on its own, as a constituent of other substances, or in
mixtures in a concentration equal to or greater than
0.3 % after 12 December 2023 unless manufacturers
and downstream users take the appropriate risk
management measures and provide the appropriate
operational conditions to ensure that exposure of
workers is  below the DNELs specified in
paragraph 1.

. By way of derogation from paragraphs 1 and 2, the

obligations laid down therein shall apply from
12 December 2024 in relation to placing on the
market for use, or use, as a solvent in direct or
transfer polyurethane coating processes of textiles
and paper material or the production of polyurethane
membranes, and from 12 December 2025 in relation
to placing on the market for use, or use, as a solvent
in the dry and wet spinning processes of synthetic
fibres.
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REACH restriction

74. Diisocyanates, O = C=N-R-N = C=0, with R an | 1. Shall not be used as substances on their own, as a
aliphatic or aromatic hydrocarbon unit of unspecified constituent in other substances or in mixtures for
length industrial and professional use(s) after 24 August

2023, unless:

(a) the concentration of diisocyanates individually
and in combination is less than 0,1 % by
weight, or

(b) the employer or self-employed ensures that
industrial or  professional user(s) have
successfully completed training on the safe

72. The substances listed in column 1 of the Table in | 1. Shall not be placed on the market after 1 November use of diisocyanates prior to the use of the
Appendix 12 2020 in any of the following: substance(s) or mixture(s).

(a) clothing or related accessories;

(b) textiles other than clothing which, under normal
or reasonably foreseeable conditions of use,
come into contact with human skin to an
extent similar to clothing;

(c) footwear;

if the clothing, related accessory, textile other than
clothing or footwear is for use by consumers and the
substance is present in a concentration, measured in
homogeneous material, equal to or greater than that
specified for that substance in Appendix 12.
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REACH - Summary
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Health and Sustainability - Summary

« What role plays health? (&8 SUSTAINABLE ™ &
- “’@f« DEVELOPMENT \J%u® ALS

« What can be done to improve health?
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Improve sustainability of a chemical process

The 12 principles of green chemistry
Prevention

Atom economy

Less hazardous chemical syntheses
Designing safer chemical

Safer solvents and auxiliaries

Design for energy efficiency

Use of renewable feedstocks

Reduce derivatives

Catalysis

Design for degradation

Real-time analysis of pollution prevention
Inherengly safer chemistry for accident prevention
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Prevention instead of treatment
Design for separation

Maximize efficiency

Output-pulled versus input-pushed
Converse complexity

Durability rather than immortality
Meet need, minimize excess
Minimize material diversity
Integrage material and energy flows
Design for commercial «afterlife»
Renewable rather than depleting

Sep & Oct 24

The 12 principles of green engineering

Inherent rather than circumstantial



Improve sustainability of a chemical process

* Discovery, Innovation
* Feasibility Study

- Laboratory Study

« Study in Pilot Plant

* Engineering

- Building and Start Up
* Process in Production

* Process Death Knowledge

Time for
change
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Improve sustainability of a chemical process

* Discovery, Innovation
* Feasibility Study

- Laboratory Study

« Study in Pilot Plant

* Engineering

- Building and Start Up
* Process in Production
* Process Death
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European regulations and efforts

« REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals)

« EU Green Deal — becoming climate neutral by 2050
» Chemical Strategy for Sustainability (CSS) towards a toxic-free environment

« Seveso Directive (major accident prevention)

TUV SUD PROCESS SAFETY | Health Safety Sustainability
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Chemical strategy for sustainability

* Objectives
* better protect citizens and the environment
* boost innovation for safe and sustainable chemicals
 Actions
— banning the most harmful chemicals in consumer products - allowing their use only where essential
— account for the cocktail effect of chemicals when assessing risks from chemicals
— phasing out the use of per- and polyfluoroalkyl substances (PFAS) in the EU, unless their use is essential

— boosting the investment and innovative capacity for production and use of chemicals that are safe and sustainable by
design, and throughout their life cycle

— promoting the EU’s resilience of supply and sustainability of critical chemicals
— establishing a simpler “one substance one assessment” process for the risk and hazard assessment of chemicals
— playing a leading role globally by championing and promoting high standards and not exporting chemicals banned in the EU
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Chemical strategy for sustainability

14 July 2023 Proposal to ban all remaining intentional uses of mercury in the EU

Proposal, Delegated act and News

1
22 April 2024 Commission proposes criteria to define the essential use of 19 December 2022 Commission proposed a revised Regulation on classification, labelling and
most harmful chemicals packaging of chemicals (CLP) and introduced new hazard classes

Find out more
Communication can be found here.

8 December 2022 Recommendation on a framework for safe and sustainable by design
. . . hemical

7 December 2023 Commission proposes ‘one substance, one assessment chemicals
chemicals assessment reform for faster, simplified and

transparent processes

Find out more

10 June 2022 Commission clarifies definition on nanomaterials

Find out more .
—_— Find out more

25 April 2022 Commission publishes REACH Restrictions Roadmap

Find out more

20 January 2022 Commission launches public consultation on REACH revision - now
available in all EU languages

Find out more

9 August 2021 Commission launches public consultation on CLP revision

Find out more

14 October 2020 Publication of chemicals strategy EE—— 8 5 a Cti O n S

9 May 2020 Publication of chemicals strategy roadmap

For more information on the roadmap and feedback, visit here.

Reference: https://environment.ec.europa.eu/strategy/chemicals-

strategy _en#timeline ;
Hide 6 items A

11 December 2019 Publication of the European Green Deal
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Major chemical accidents

_Jetzt |
frit das Giff
die Kinde
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European regulations and efforts

« REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals)

« EU Green Deal — becoming climate neutral by 2050
« Chemical Strategy for Sustainability (CSS) towards a toxic-free environment

« Seveso Directive (major accident prevention)
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Seveso Directive

* Major accidents are threats for humans and the environment

* The Directive applies to more than 12 000 industrial
establishments in the European Union where dangerous
substances are used or stored in large quantities
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PreventiOn

Continuous
improvement
cycle to prevent
major accidents
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Process Safety

* Process safety definitions (CCPS):
« a discipline that focuses on the prevention of fires, explosions, and accidental chemical releases
* Prevention of, preparedness for, mitigation of, response to, or restoration from catastrophic releases of chemicals or energy
from a process

« # occupational safety: focus on personal safety (prevent harms from falls, cuts, sprain, strains, being stuck by objects,
repetitive motion injuries etc)

Nitroglycerine nitration reactor in
1875
https://www.nobelprize.org/alfred-
nobel/alfred-nobel-in-scotland/

Continuous nitroglycerine reactor in
1935(Biazzi)
http://www.biazzi.ch/page/history.php/
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Process safety

* What could lead to fires, explosions, and accidental chemical releases?
« What are the hazards and what are the risks (for fire, explosions, and accidental chemical releases)?

TUV SUD PROCESS SAFETY | Health Safety Sustainability
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Goal/objectives of risk analysis- process safety
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Hierarchy of risk reducing measures

1. Inherent safety

Find examples linked to process safety for all of them

2. Prevention
— Technical measures:
|. Passive
lI. Active
— Organizational measures

3. Mitigation

TUV SUD PROCESS SAFETY | Health Safety Sustainability Sep & Oct 24



Hierarchy of risk reducing measures — inherent safety

Intensification

— Inventory reduction

Substitution

— Use safer material

Attenuation Find examples linked to chemical processes

— Use material in the less hazardous form

Simplification
— Avoid complex plants or systems

Tolerance
— Robust equipment, error tolerant processes
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Improve safety of a chemical process

* Discovery, Innovation
* Feasibility Study

- Laboratory Study

« Study in Pilot Plant

* Engineering

- Building and Start Up
* Process in Production

* Process Death Knowledge

Time for
change

TUV SUD PROCESS SAFETY | Health Safety Sustainability Sep & Oct 24



Improve safety of a chemical process

* Discovery, Innovation
* Feasibility Study

- Laboratory Study

« Study in Pilot Plant

* Engineering

- Building and Start Up
* Process in Production
* Process Death

TUV SUD PROCESS SAFETY | Health Safety Sustainability
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What is a Safe Process ?

* Remaining risks can be accepted

Inherently Design, Installation, Maintenance, Management of
Safer Design Change, PHA

/

* The risks must be known

N

Culture, Mindset, Training,

 Risk analysis was performed
Operational Discipline

~ \
Hazards @\ Q\ L=
~ S ‘
& S Q
~ S
S == ol Pre O
Process || — Emergency
Technology el 4 Q &l Response
Equipment / O O
Design Eng. Controls || ——" Q
eg.PSVs, SIS i || _—1 O Incidents
Controls, e.qg. \
Procedures
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What is a Safe Process ?

First Second

Hazard Deviation Deviation Excursion Effect
Prevention Process control Protective Emergency
[f \ =\ ;
g e
\ Technical Risk Reducing Measures
\\\ \ Control / Alarm / Operator
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Inherently Safer Process
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Flixborough

June 1st 1974 16:58
Killed 28 people, injured 36 onsite and > 57 off site

Lead to development of safety and loss prevention

Increased efforts in industry and demand from the public controls on such plants

https://youtu.be/8A1xSCUtB-M

Sep & Oct 24
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https://youtu.be/8A1xSCUtB-M

Flixborough (accident site)

* Farmland, 260 km north of London, 800m from villages of Flixborough and
Amscott, 3-5 km from larger towns

* 1974: occupied 550 people
* Plant built in 1938 to produce fertilize

* 1964 changed ownership with the aim to produce caprolactam (owned by
DSM and National Coal Board (NCB))

* Produced first 20’000 t/y caprolactam by means of phenol hydrogenation
(1967)

* 1972 increased capacity (70’000 t/y) with construction of a new unit: this
unit uses cyclohexane oxidation

TUV SUD PROCESS SAFETY | Health Safety Sustainability
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Flixborough - Chemistry

= Phenol hydrogenation:

+2H,
selektive Hvdnerung

+3H, _Hy +NH,0H
7

NOH
6 C

= Caprolactam use - nylon production
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= Cyclohexane oxidation

- COOH
HOOC

/ adipie acid
Q == "

v

2. SO,

caprolactam

N o O
533K }
é N
N
n 2 n
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Flixborough - The accident

* June 1st 4:53 pm deflagration
Noticeable 50 km away i :

b
E‘tw

o A
.

: "»' gt

f

Flames 70-100m high

Pressure of the explosion destroyed
stationary fire fighting equipment

All building within 600m were destroyed

¥

- REACTORS

-

« 72 individuals present on the site: 28 i
killed, 36 injured (lucky it was week- ﬁ‘f
end) : | g
_ _ 24U B e

* 1987 houses and retail businesses 198 e &

were damaged (72 of 79 houses in -" o) l’ o

Flixborough, 73 from 77 in Amscott, 644 S __L EEEE 12 Ldd 3
of 756 in Burton) g T

 Large piece of equipment found 6 km
away, debris up to 32 km away

"
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Plant layout

HYDROGEN PLANT

CTION 25 Appreat

3 _—
ol
.'.
i
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Process
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Flixborough - Process

Gaseous discharge

LOMPIESER BIP cuipanmingsrcsprissmmimmpersli 4

KL P  SE— e ...,

Agitator = \—rﬁd\ ___'fl\\ |
Cyclohexane intake [/ N A : I,+,_u,, |
———p] e . /f,f‘ J |

Perforated ramp  Expansion bellows

{ e RECOVETY Of cyclohexanonef
and cyclohexanol |

S R s :
| L] . = 3 | ) - e . Y‘I.
Washere— Distillation, - \ Ve
. . ' : o { Separator 4>~ (post-reactor
| . | unit , { youd
- Leed Ny S g i
~—% Water _
limrm
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6 reactors of 45 m3 each

Compressed air injected
through perforated ramp

25m3 cyclohexane in the
reactors at 155°C and 8.8 bar
of pressure (+ catalyst)

Low output of cyclohexanone
and cyclohexanol -
recirculation of cyclohexane

250 -300 m3/h liquid flow
between reactors via 711 mm
diameter pipes fitted with
expansion bellows

Installation inert (nitrogen)

PRV 11 bar
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The context

* New caprolactam unit at full capacity since beginning of 1974
« technical and labour problems before:
* miner strikes, only 3 day of power per week (November 1973 to January)
» Plant can’t adapt - work on backup energy generation - reactor agitation turned off
« Agitation of reactor 4 deteriorated and was not put back on

» Beginning of 1974 plant produced 47°000 tones/year - prospect of financial loss >ask Government’s pricing commission to
authorize 48% price increase but was refused

» Considerable economic and commercial pressure
* Personnel
» Plant maintenance engineer post vacant since beginning of 1974

« Former maintenance engineer’s subordinate (technician with 10 years experience in electricity and 4 years in
maintenance)

* Mechanical engineering competence in the plant low (Director and Technical Director are chemists/chemicl engineers, no
qualification in mechanical engineering)
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The accident

« March: new difficulties

« March 27th cyclohexane leak on reactor 5 (vertical crack)
* March 28th crack is 2 meter long

» Stop and inspection of reactor 5 scheduled

* Resume production quickly = build a bypass between Reactors 4
and 6

» Leak test on 1st of April, restart process with 508 mm elbow pipe

(fabricated onsite) connecting the two expansion bellows on Reactors
4 and 6 via a plate flange. Entire assembly supported by scaffolding

« Until May 29th installation operated without any special problem

* May 29th: cyclohexane leak --> shut down, repair, test restart early
morning 1st June

» June 1st 4:00: new cyclohexane leak, followed by several others -
installation stopped and restarted 1 hour later

» Shortly after: new leak - stop production
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The accident

* June 1st 7 am back into service but problems
with T and P

* June 1st 4:53 pm deflagration
* Noticeable 50 km away
* Flames 70-100m high P ; " REAGTORS D
« 2 bar pressure at the epicentre - destroyed ol 5 e, < Py 1,2,3,4,6,
stationary fire fighting equipment i -
* All building within 600m were destroyed

« 72 individuals present on the site: 28 killed,
36 injured (lucky it was wk)

* 1987 houses and retail businesses were
damaged (72 of 79 houses in Flixborough,
73 from 77 in Amscott, 644 of 756 in Burton)

 Large piece of equipment found 6 km away,
debris up to 32 km away
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The causes of the accident

« Difficult to determine exactly because

« absence of witnesses (all staff present in the control room died in the accident)

Destruction of all unit instrumentation

« According to the investigation report:

Failure at the level of the two connecting bellows on the temporary pipe placed between reactor 4 and reactor 6
Massive leak of hot and pressurized cyclohexane
Release of of 40-60 ton cloud of cyclohexane ignited 25 to 35 seconds later (ignition: reforming tower of the hydrogen unit)
Cause: amateurism by removing reactor 5 and constructing bypass.
* No verification (only leak test with nitrogen 9 bar)
* No calculation, no drawings
* No reference to standard or guidelines
* Nothing to prevent movements of the bypass (scaffolding inadequate)
* No account of turning moment that would be placed on the pipe due to flow of fluid and proces P
* No account for shear forces on the bellows (not designed for that)
» Leak on reactor 5 not investigated
Other causes also described in literature
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The actions taken and lessons learnt

* Need to strengthen public authority control - Health and Safety at Work Act was introduced in the UK
» Together with Seveso accident in 1976 led to the «Seveso directive»

* 18 people died in the control room - carefully design the layout and location of control rooms (occupied
building)

 Limit the hazard potential onsite

« Any modification, no matter how small, can engender risk —> MOC

* Preventive maintenance preferable to emergency intervention

« Management of feedback (cracks in other reactors reported but escaped investigation) - safety culture

« Competence from staff crucial (only a well-skilled and experienced workforce will be able to recognize precursor
signals of an accident - competence and organisational changes

» Personnel should not be faced with having to chose between safety and productivity. Goal of a company must
be to produce under safe conditions
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Hierarchy of risk reducing measures — inherent safety

* Intensification
— Inventory reduction
 Substitution
— Use safer material
« Attenuation
— Use material in the less hazardous form
« Simplification
— Avoid complex plants or systems
 Tolerance
— Robust equipment, error tolerant processes
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Bhopal

* 2nd-3rd December 1984 in Bhopal India, pesticiede plant.

* Release of methyl isocyanate (immediate deaths 2259, many more in the
weeks/years after, more than 500’000 injuries)

* Intermediate storage of methylisocyanate
* Many parts of the installation malfunctionning
« Water introduced in the tank = runaway reaction

* Pressure increase and release of methylisocyanate (direct release to the
atmosphere should have been prevented by 3 risk reducing measures
(cooling of methylisocyanate,, a flare tower to burn released gas, vent
scrubber), which were malfunctioning, insufficiently sized or otherwise
inoperable

* Intermediate storage convenient, but not essential (reduce inventories)
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Hierarchy of risk reducing measures — inherent safety

* Intensification
— Inventory reduction
 Substitution
— Use safer material
« Attenuation
— Use material in the less hazardous form
« Simplification
— Avoid complex plants or systems
 Tolerance
— Robust equipment, error tolerant processes
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Hierarchy of risk
reducing
measures

Reference: Kletz & Amyotte, Process
Plants, a handbook for inherently
safer design (2010)
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Activities

v

Steps

Identify all hazards and causes of matierals, actions and conditions

v

Identify hazards

Assess hazards, their causes and effects, and how these interact with the design

:

Understand hazards

<—»| Avoird or elimiate hazard by design

Avoid Hazards

Itensify, substitute or attenuate to reduce the

Inherent safety «—>
severity of the hazard

principles

Reduce Severity

< »| Simplify the process or plant to reduce the
likelihood of the hazard occuring

4

Reduce Likelihood

Use distance, or use sections of the plant itself as barriers to segregate/protect people
and emergency systems from the effects of hazards

!

Segregate

Use safeguards that do not need initiation, and hece
have high availability

Add-On Safety

Apply Passive Safeguards

Use active sytstems, but note these depend on
timely hazard detection and initiation

¥

Apply Active Safeguards

Operator and maintenance procedures should be the last resort, especially for control
and mitigation, where the chance of error or failure is high

v

Apply Procedural Safeguards

Use findings of the hazard assessment to estimate the risks, and target and implement
inherent / segregation/ add-on/ procedural safeguards until risks are tolerable

Apply Residual Risk Reduction
Measures
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Comparing methods to improve EHS

- Sty m

Inherent Safety

Pollution prevention \/ \/\/\/
Green chemistry W \ NN
Green technology N NN
Design for the N N,

environment
VA primary focus v« secondary focus directly linked benefit

Reference: Kletz & Amyotte, Process Plants, a handbook for inherently safer design (2010)
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Improve sustainability of a chemical process

The 12 principles of green chemistry
Prevention

Atom economy

Less hazardous chemical syntheses
Designing safer chemical

Safer solvents and auxiliaries

Design for energy efficiency

Use of renewable feedstocks

Reduce derivatives

Catalysis

Design for degradation

Real-time analysis of pollution prevention
Inherengly safer chemistry for accident prevention

TUV SUD PROCESS SAFETY | Health Safety Sustainability

Prevention instead of treatment
Design for separation

Maximize efficiency

Output-pulled versus input-pushed
Converse complexity

Durability rather than immortality
Meet need, minimize excess
Minimize material diversity
Integrage material and energy flows
Design for commercial «afterlife»
Renewable rather than depleting

Sep & Oct 24

The 12 principles of green engineering

Inherent rather than circumstantial



Improve sustainability of a chemical process

* What could one do (at an early stage?)
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Process Development

/

ECONOMY

/\

Optimisation

\

SAFETY
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Process Development

ECONOMY

SUSTAlNAlelT?\—’ / \

Optimisation

/N

SAFETY
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Process Development and Sustainability

LIFE CYCLE
CRADLE TO CRADLE

CRADLE TO GATE

GATE TO GATE

STAGES OF CHEMICAL PRO

PRODUCT DESIGN

CHEMICAL ROUTE
SELECTION

PROCESS
SYNTHESIS

CONCEPTUAL
DESIGN

BASIC/DETAILED
DESIGN

|

OPTIMIZATION AND
RETROFITTING

= Consumer needs

+ Parfarmance indicators

= Transference functions

+ Production rate

» Market specifications

= Potential ingredients

= Price vs. purity

= Sensory atlribules

+ Functional properties

+ Kay physicochemical,
anvironmental, health,
aecupational and safely
data

+ Plant and site data

= Palicies and regulations

+ Constraints

« Others

+ Chemical pathways

+ Sida reactions

+ Stoichiometry, yield and
selectivity

+ Process conditions

« Operaling conslraints

« Catalyst leading, nafure,
deactivation,
regeneration

» Physicochemical
properties (data)

= Envirenmental, health,
occupational, and safety
properties (data)

= Weighting factors

« Others

= Environmantal, haalth,
occupational, safety,
thermedynamic,
fransport, properties
{data and models, pure
ard muliFcomponenis)

= Kinefics models

= Mass and energy
balances

= Unil oparation models

+ Equipment and utilities
costs and models

= Costs indexes

= Emissions parlilioning
and fate models

+ Soclal statistics

* Heuristics

« Ofhers

» Process Flow Diagrams
{FFD)

» Technology information
and availability

» Economic data

= Tofal costs models

# Process units emission
factors

+ Secale-up models

= Primary and secondary
emission factors

« Others

REQUIRED INPUTS AT EVERY STAGE AND INFORMATION FLOW

» Piping and
Instrumentation
Diagrams (P&ID)

« Datailed costing data

« Construction materials
data

* Equipment, piping and
fittings emission factors

+ Commercial equipment
and instrumentation
specfications

+ Engineering standards
and codes

+ Edaphoclimatic and
geographic data

+ Ecological data

= Contrel strategies

» Others

= Dynamic models

« Historical operation
metadata

» Historical costs data

* Marke: and economic
frends

+ Technology updats

= Policies and regulations
update

+ Process uncertainties

* Equipment performance
data

» Historical emissions
data

= Others

Recyclabikty,
renawability, costs,
nherant hazardous
patential, quality, mass
use, resources intensity,
jobs creation, ete,

Atom economy, yield,
salactivily, reaction mass
efficiency and intensity,
added value, inharant
hazardous potential, ate.

Intensities (mass, energy,
solvents, waler, fossil
resources, elc.), criteria
pollutants emessions, E-
factor, aconomic
potential, jobs generation,
soclal inclusion. ate.
———————————————

Cost of Praject (COP), Return of Investment (RO1), Net
Prasant Valua (VPN), energy costs, tolal ulility costs,
emigsions, efluents and wasles freatment and disposal
cosls, number of direct employees contribution to local
devalopment, conltrioution o Gross Domestic Product
(GDP), safety weighted hazard index, land use, social

ptability, poliical appli

bility, etc.

Controllability, flexibility,
accidents/incidents per
year, number of trained
people, shares valus,
market shara, lost days
due to occupational
injuries, etc.

Reference: A. Argoti et al, 2019, Current opinion in
chemical engineering, Challenges and opportunities in
assessing sustainability during chemical process design

[ esoee |
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PEI, SPI, BASF Ecomafficiency, SASWROIM, SWROIM, elc.

MOS, SEEBALANCE, GNVA, ate.
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Process Intensification

Equipment Methods
Equipment for carrying | Equipment for operations Multifunctional reactors Hybrid Alternative energy Other methods
out chemical reactions | not involving chemical separations sources
reactions
Spinning disk reactor Static Mixers Reverse-Flow Reactors Membrane Centrifugal Fields Supercritical Fluids
Adsorption
Static mixer reactor Compact Heat Exchangers | Reactive Distillation Ultrasound Dynamic Reactor
(SMR) Operation
Static mixing catalysis | Microchannel Heat Reactive Extraction Membrane Solar Energy
(KATAPAKS) Exchangers Distillation
Monolithic reactors Rotor/Stator Mixers Reactive Crystallization Microwaves
Microreactors Rotating Packed Beds Chromatographic Adsorptive Electric Field
Reactors Distillation

Heat Exchange
Reactors (HEX)

Supersonic Gas/Liquid
Reactor

Jet-Impingement
Reactor

Rotating Packed-Bed
Reactor

Centrifugal Adsorber

Periodic Separating
Reactors

Membrane Reactors

Reactive Extrusion

Reactive Comminution

Fuel Cells

Plasma Technology




Improvement and drawbacks for safety

* What are the effects of these possible improvements on safety?
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Case study - Solvent

Solvents are widely used
» Put species in contact
» Make mass stirrable

Cause a significant amount of waste

What are the benefits of solvents? Why are solvent used?

What can you do to improve sustainability with respect to solvents?
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Effects of contaminants on DMSO

Aexo

18DSC 4310 DMSO
DSC 4310 DMSO, 8.0220 mg

Remarks: neat dimethylsulfoxid
p.a., 0.03% water

Riedel de Haen

lot. 2220A

colourless liquid

Wgh-1
1&DSC 4314 DMSO + HCI
DSC 4314 DMSO + HCI, 8.4470 mg

Remarks: Dimethylsulfoxid plus HCI
(DMSO: p.a., max. 0.03% w/w water)

compare also DSC 4310 !!!

Integral 3413.44 mJ
normalized 425.51 Jg*-1
Peak Height 1.26 Wgh-1
Integral 135.19 mJ Peak 28.86°C
normalized 16.85 Jg"-1 E:;r:pv(‘)/\id;;eak fi‘gegicc
Peak Height - 0.32 Wg"-1 Left Limit 245,00 °C
Peak 21632°C Right Limit ~ 346.02°C
Extrapol. Peak 216.17 °C
Peak Width 3.70°C
Left Limit 210.91°C
Right Limit 227.61°C
I3 Kl
3 3
Integral 4155.32 mJ
normalized 491.93 Jg™-1

Peak Height  3.70 Wg™-1

Peak 206.21°C

Extrapol. Peak 206.36 °C

Peak Width 7.44°C

Left Limit 153.80 °C

Right Limit 228.05°C

r T T T T T T T T
80 100

T T T T T T T T T
280 300 320 340

T
360

T
380

°C

Lab: METTLER
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Effects of contaminants on DMSO

 DMSO Recovery

 Batch destillation of DMSO
« Solvent was contaminated with alkyl bromide
» Storage during 1 year before destillation

 Slow autocatalytic reaction destabilised DMSO
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References

books.google.com » books

SUSTAINABLE , . :
PROCESS Sustainable Process Engineering

ENGINEERING

Gyorgy Szekely - 2021

The book provides a guide to sustainable process design applicable in various
industrial fields. « Discusses the topic from a wide angle: chemistry, materials,
processes, and equipment. - Includes state-of-the-art research achievements ...

5 Preview := More editions

Process Plants: AHandbook for Inherently Safer Design, Second Edition

PROCESS Trevor A. Kletz, Paul Amyotts
LN Tevior & Francis, 17 May 2010 - Technology & Engineering - 334 pages

A Handbaaolk for
0 Reviews O
How far will an ounce of prevention really go? While the answer to that question may never be truly known, Process Plants: A Handbook for Inherently Safer Design, Second Edition takes us several steps closer. The hook

demonstrates not just the importance of prevention, but the importance of designing with prevention in mind. It emphasizes the role of inherent safety in process safety management systems and in ensuring an appropriate
process safety culture. Keeping the easy to understand style that made the first edition so popular, this book clearly delineates practical, everyday issues and complex technical ones.

Maore »
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References

« The Brundtland report = R.A. Sheldon

United Nations

ACS ,
Sustalnable. =
Chemistryz Engineering ‘

Report of the World Commission on Environment and Development
Metrics of Green Chemistry and Sustainability: Past, Present, and
Future

Roger A. Sheldon*

Our Common Future

Molecular Sciences Institute, School of Chemistry, University of the Witwatersrand, Johannesburg, PO Wits 2050, South Africa
Department of Biotechnology, Delft University of Technology, Section BOC, van der Maasweg 9, 2629 HZ Delft, The Netherlands

ABSTRACT: The first green chemistry metrics—the E factor (kgs waste/kg product) and
atom economy (mol wt of product/sum of mol wts of starting materials)—were
introduced in the early 1990s and were actually green chemistry avant la lettre. In the last
two decades, these two metrics have been adopted worldwide by both academia and
industry. The E factor has been refined to distinguish between simple and complete E
factors, for example, and to define the system boundaries. Other mass-based metrics such
as process mass intensity (PMI) and reaction mass efficiency (RME) have been proposed.
However, mass-based metrics need to be augmented by metrics which measure the
environmental impact of waste, such as life cycle assessment (LCA), and metrics for
assessing the economic viability of products and processes. The application of such metrics
in measuring the sustainability of processes for the manufacture of pharmaceuticals and
other fine chemicals is discussed in detail. Mass-based metrics alone are not sufficient to
measure the greenness and sustainability of processes for the conversion of renewable
biomass vs fossil-based feedstocks. Various metrics for use in assessing sustainability of the
manufacture of basic chemicals from renewable biomass are discussed. The development of a sustainable biobased production of
chemicals meshes well with the concept of a circular economy, based on resource efficiency and waste minimization by design, to
replace traditional linear, take—make—use—dispose economies.

KEYWORDS: E factor, Atom economy, Carbon economy, Step economy, Circular economy, Biobased economy, Ethanol equivalent,
Life cycle assessment

United Nations
1987
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Project & Assessment Sustainability (Health and
Safety)

Group of 2-3 people

Sustainability and Health or Sustainability and Safety (linked with chemistry and/or chemical engineering)
* Present & Discuss a Paper

* Present & Discuss an Equipment

* Present & Discuss a Methodology

2-3 pages

* Summarize paper/Introduce methodology

 Discuss impact (advantages, drawbacks...) on sustainability and Health and/or Safety
« Conclude

» References

Due date EPFL: 6" October; ETH 29t October

Hand-in via moodle

Preferred language English
» (German or French also possible)
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Example of possible projects

* Sustainability and health
« Banning of PFAS: trade-offs (https://environment.ec.europa.eu/strategy/chemicals-

strateqy _en#documents)

« Sustainability and safety
 Discuss an equipment or a method (multifunctional reactors or hybrid separations)
» Trade-offs, advantages, disadvantages (safety — sustainability)

» Metrics for sustainable development and safety (e.g. paper of R.A. Sheldon (2018)
& Kweku et al 2008 Comparison of methods for assesing environmental, health
and safety (EHS) hazards in early phase of chemical process design)

» Present and discuss a paper on sustainability (linked to chemistry or chemical
engineering)

* E.g A. Argoti et al, 2019, Current opinion in chemical engineering, Challenges and
opportunities in assessing sustainability during chemical process design

« Webinar: Amidation Reaction - Calorimetric and Modeling Techniques (mt.com)
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‘ Equipment

Methods

Equipment for carrying | Equipment for operations Multifunctional reactors Hybrid Alternative ener gy Other methods
out chemical reactions | not involving chemical separations sources
reactions
Spinning disk reactor Static Mixers Reverse-Flow Reactors Membrane Centrifugal Fields Superecritical Fluids
Adsorption
Static mixer reactor Compact Heat Exchangers | Reactive Distillation P Ultrasoun d Dynamic Reactor
(SMR) Operation
Static mixing catalysis | Microchannel Heat Reactive Extraction Membrane Solar Energy
(KATAPAKs) Exchangers Distillati
Monolithic reactors Rotor/Stator Mixers Reactive Crystallization Microwaves
Microreactors Rotating Packed Beds Chromatographic Adsorpti Electric Field
Reactors Distillati
Heat Exchange Centrifugal Adsorber Periodic Separating Plasma Technology
Reactors (HEX) Reactors
Supersonic Gas/Liquid Membrane React

Reactor

Ji
R

R
R

et-Impingement

eactor

otating Packed-Bed

eactor

Reactive Extrusion

Reactive Comminution

Fuel Cells
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https://environment.ec.europa.eu/strategy/chemicals-strategy_en#documents
https://environment.ec.europa.eu/strategy/chemicals-strategy_en#documents
https://www.mt.com/us/en/home/library/on-demand-webinars/automated-reactors/amidation-reaction-modeling.html

Grading

Structure
What Max points | Points | Comment
2-3 pages for 2 persons 0.25

Structured paper (Titles,
legends for figures etc)
References, cited in the paper | 0.25

0.25

Total 0.75
Topic

What Max points | Points | Comment
Sustainability 0.5
Health and or Safety 0.5
Adv, dis, Trade offs 1
Common thread 0.5
Specific 0.5
Grasp fundamentals/ big 05
picture '
Clear Intro on

0.5
methodology/paper etc
Relevant References 0.25
Total 4.25
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