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SPECIAL FEATURE

Interview with
Wayne Mohan,
IChemE Process
Safety Fellow

Get to know the first Process
Safety Engineer in Trinidad
&Tobago to achieve Fellow
Membership Status. Gain
valuable insight into the field
of Process Safety through a
series of questions posed to
Wayne, who has decades of
experience in the industry.

2023 Event Look
Ahead

Learn of the events planned for
2023/2024, inclusive of our
Mentorship Programme,
which is open to individuals at
all levels (from student to
experienced individuals), as
well as our upcoming webinar
series Get Chartered, to be
held in October and November
2023, where detailed insight
on the 3 stage Chartership
application process will be
provided.

Volunteer
Opportunities

Volunteering with IChemE
TTMG provides the
opportunity to support a sub-
committee (NFSR, TTM or
ARC), build your network
within the local
Chemical/Process Engineering
community and the ability to
participate actively in the
TTMG'’s planning for events
and webinars.

Visit www.icheme.org > Communities > Members Groups > Trinidad & Tobago
to register for events and access past webinar recordings and newsletters.

Connect IChemE Trinidad and IChemE Trinidad @, trinidadtobago.ichememem
. B .
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FROM THE DESK OF THE TTMG CHAIR-CANUTE HUDSON

It is certainly a pleasure connecting with the mem-
bers and non-members of IChemE Trinidad & Toba-
go Member Group (TTMG) crew. Let me first begin
this edition by thanking Maurice Massiah for his
stewardship as TTMG chair from inception in 2015 -
2022. Anyone who knows him knows he did this job
tirelessly putting systems and processes in place to
allow TTMG to become what we know it to be today.

Who is your incumbent Chair? | am married with two
children. Professionally, | have a BSc. Degree in
Chemical and Process Engineering, MBA in Oil and
Gas Management, Project Management Professional
(PMP), and | am a Registered Engineer in Trinidad
and Tobago and a Fellow of the IChemE.

| have over 25 years experience in the petrochemi-
cal and LNG industries with more than 20 years in
the LNG Industry. At Atlantic LNG, | have held disci-
pline and supervisory process engineering, and pro-
ject management roles with increasing seniority. In
addition, | have published, presented and chaired
sessions at several LNG international conferences.

Moving away from the introduction, IChemE TTMG
continues to be the conduit through which IChem€E's
strategy is executed in Trinidad and Tobago. As a
parent organization, IChemE continues to re-tool
and refocus. As a learned organization, IChemE has
not only set out executing its Strategy to 2024, but
also doing work to develop strategy to 2028. See
more on the current strategy at the link https://
www.icheme.org/strategy2024.

One strategic theme of the refocused strategy that |
would like to highlight is “Process Safety”. This will
continue to be a common theme within TTMG as
you would notice in the upcoming calendar of
events. In addition, moving forward, TTMG contin-
ues to challenge itself by presenting topics of inter-
est that are key in the industries. A key example was
the “Women in Engineering” webinar held on June
22, 2023. Our Management Team organizers and
panellists did an excellent job of keeping the discus-
sion real and relevant. Like you, | cannot wait for a
similar event next year.

As the TTMG evolves we have embarked on a critical
piece of work to review, refocus and refresh our
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Charter in line with IChemE and energy transition
requirements. You would also see an increased fo-
cus on our student population in terms of engage-
ment and support.

In terms of exemplars, we have shining examples in
Professor Emeriti David McGaw and Winston Mel-
lows, who as IChemE members, have made and
continue to make significant contributions to the
wider society. Let us continue to build on the good
work these distinguished gentlemen have laid be-
fore us. In fact, building on past work done by na-
tional organizations, beyond my tenure | see the
TTMG as the vehicle through which Chemical and
Process Engineering and Process Safety profession-
als have one voice in the Trinidad & Tobago energy
diaspora and transition landscape. Join us so that
we can hear your voice.

Lastly, building on transition, this year's “Vessel” has
themes around Process Safety and an interview with
a Process Safety Fellow, Wayne Mohan. Do enjoy!

A

Canute Hudson
IChemE TTMG Chairman
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Embracing Sustainability: A Chemical Engineer's Transition from

Oil & Gas into a Niche Beauty Business
by Amanda Roopnarine, Founder of Alchemy TT

In 2016, after accumulating seven
years of valuable working experi-
ence and investing additional years
specializing in my field, | made the
challenging decision to depart from
my role as a Facilities Engineer in
the upstream Oil & Gas industry.
Driven by a sense of dissatisfaction
within my working environment and
a yearning for change, | embarked
on a new path motivated by the de-
sire for personal growth and a har-
monious way of living.

This article details how | have ap-
plied the principles learned as a
chemical and process engineer to
build a sustainable and environ-
mentally conscious brand. Through
the creation of innovative, high-
quality, natural products like scalp
oils, aura mists and candles that de-
liver transformational results on an
energetic level, | aim to inspire
readers to embrace their values,
pursue their passions, embrace sus-
tainability, and foster a more con-
scious approach to personal care,
thereby impacting the well-being of
our planet.

Defining the Problem and Inspira-
tion:

The beauty industry is often associ-
ated with glamour and self-care,
but the ugly side of the beauty in-
dustry is that it is also notorious for
its excessive packaging waste. This
poses a significant sustainability
challenge, with 95% of cosmetic
packaging ending up discarded,
according to the British Beauty
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Council. Shocking statistics from
TerraCycle reveal that the industry
generates over 120 billion units of
plastic packaging waste annually.

Urgent action is needed to combat
climate change, compelling brands
to swiftly transition towards ecologi-
cal and sustainable practices. How-
ever, a deeper inspiration drives
our commitment to sustainability.
Witnessing the devastating impact
of certain industry practices on eco-
systems and wildlife, such as the
destruction of orangutan habitats
caused by the palm oil industry and
the catastrophic effects of defor-
estation-related flooding, | knew
that change was necessary. This re-
alization has propelled me on a
journey to create a more sustaina-
ble alternative.

Integrating Sustainable Practices &
Minimizing Environmental Impact:
Drawing upon my expertise as a
chemical engineer and harnessing
my passion for sustainability, | em-
barked on a journey to build a
beauty brand that provides con-
sumers with innovative solutions
through our products. The goal was
to deliver not only effective and ex-
ceptional results but also prioritize
environmental consciousness.

Reducing our environmental impact
is a core component of the busi-
ness. Through rigorous research
and development, I'm proud to
have formulated products that de-
liver exceptional results while con-
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Embracing Sustainability: A Chemical Engineer's Transition from

Oil & Gas into a Niche Beauty Business
by Amanda Roopnarine, Founder of Alchemy TT

tributing to a greener future. |
avoid using harsh chemicals, micro-
plastics, and other harmful sub-
stances that can pollute our water-
ways and harm marine life. Instead,
| opted for natural and biodegrada-
ble ingredients, even though they
may be more expensive, such as
packing peanuts that dissolve in
water. By doing so, we ensure that
our products break down safely
and do not leave a lasting impact
on the environment.

Applying Principles Learnt from
Chemical and Process Engineering:

The principles that | leverage in my
beauty business are a direct appli-
cation of the key concepts | learned
during my BSc in Chemical and
Process Engineering. Areas such as
batch process optimization, materi-
al selection, chemistry, process
safety, quality control, environmen-
tal sustainability, and continuous
improvement and innovation have
proven to be invaluable in driving
the growth and success of my oper-
ations.

Through utilizing batch manufac-
turing based on consumption de-
mand and process optimization
techniques, | can streamline pro-
duction, reduce waste, and im-
prove overall efficiency. By under-
standing material chemistry, I'm
able to make informed decisions
regarding ingredient selection and
compatibility. Adhering to process
safety and quality control principles
ensures the safety, integrity, and
consistency of our beauty products.
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Our commitment to environmental
sustainability is reflected in our stra-
tegic vendor alliances, resource
optimization efforts, and use of eco
friendly  packaging  materials.
Moreover, my passion for continu-
ous improvement and innovation
drives ongoing enhancements in
our product development and sus-
tainability practices.

Promoting  Ethical
Sourcing:

The basis of our business model
prioritizes sustainable ingredient
sourcing, avoiding harmful sub-
stances, and ensuring cruelty-free
practices, including avoiding any
animal testing. This commitment
has led us to establish strong part-
nerships with suppliers who share
our dedication to sustainability. By
taking these measures, we ensure
that our products do not contribute
to deforestation, habitat destruc-
tion, or harm to wildlife. Further-
more, we provide customers with
eco-conscious products that align
with their personal values, deliver-
ing high-quality products while
contributing to the preservation of
our precious ecosystems.

Ingredient

Minimizing Product Packaging
Waste & Collaborating for Change:
| have proactively implemented
sustainable packaging solutions,
opting for eco-friendly non-plastic
materials that are recyclable or
made from recycled sources.
Through these measures, we aim to
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Embracing Sustainability: A Chemical Engineer's Transition from

Oil & Gas into a Niche Beauty Business
by Amanda Roopnarine, Founder of Alchemy TT

reduce single-use plastic consumption while main-
taining the beauty industry's aesthetic appeal. Our
commitment to collaboration drives meaningful
change. We prioritize partnerships with manufac-
turers and service providers committed to energy
efficiency, waste reduction, and minimizing their
ecological footprint. By sharing knowledge, re-
sources, and best practices, we can collectively cre-
ate a more sustainable and environmentally re-
sponsible beauty industry. Additionally, | actively
seek partnerships with organizations that align with
our values, supporting initiatives such as tree-
planting programs for every product sold and striv-
ing towards carbon neutrality.

Motivation, Risk & Rewards:

My entrepreneurial journey was one of profound
self-discovery, fueled by a burning desire to create
a healthy, balanced work environment, rather than
being driven solely by financial gain.

However, from a financial perspective, | was mind-
ful of the risks involved, given my risk-averse na-
ture. | had diligently allocated 5-10% of my monthly
salary to an "opportunity fund," which allowed me
to confidently fund my passion-driven business
from personal savings without succumbing to im-
mediate financial pressures.

It's critical to recognize that profitability may not be
immediate and that achieving success requires
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time, dedication, and the willingness to cultivate
new skill sets.

Inspiring Change:

In the words of Gandhi, "Be the change you wish to
see." | firmly believe that the responsibility for a
sustainable future lies with each individual. By sup-
porting businesses that prioritize sustainability and
making conscious purchasing decisions, | think we
can collectively create a positive impact on our en-
vironment. Use this article to embrace sustainability
in your daily lives and become catalysts for change,
creating a greener and more sustainable world for
future generations.

By fostering a profound understanding of the im-
pact of our choices and actions, | believe we can
collectively create a ripple effect of positive
change, fostering a future that harmonizes with the
well-being of our planet and all living beings. Let
us come together to create a more sustainable and
conscious world for generations to come.

References:

1.British Beauty Council
britishbeautycouncil.com/ppbg/packaging/

https://

2.The Guardian - How green is your lipstick: beauty
brands and the fight against beauty waste

3. Business: AlchemyTT - www.alchemytt.com
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ICHEME TTMG

2023 Events Recap

ANNUAL KICK-OFF EVENT (VIRTUAL)

On March 9th, the IChemE TTMG Annual Kick-Off Event was held via Microsoft

Teams. The event kicked off with an entertaining short movie, where the TTMG

Chair, Canute Hudson, called on the TTMG Task Force, a.k.a. the newly elected 9
Management Committee, to assemble for their 2022-2024 term. The team’s mission

is to continue to let IChemE TTMG be the conduit through which IChemE’s strategy Mar
is executed in Trinidad and Tobago, with this year's focus areas being Process Safety

and Sustainability. This set the stage for an eventful and informative session, where

planned events for the upcoming year were presented and an interactive game

session was conducted.

MASTERCLASS: DESIGN OF EXPERIMENTS (DOE) AS AN OPTIMIZATION
TOOL IN INDUSTRY AND FORMULATION SCIENCE WEBINAR

On March 23rd Dr.Akeem Mohammed joined us for our first ever masterclass
where we deep-dived into the use of Design of Experiments (DOE), a powerful
23 tool in modern day research and industry. The class will covered the background,
uses and basics of DOE and how it could be applied to industry, and research and

o Mar development as a means to save time and resources while getting faster time to
&7 $0) market, lower development costs, lower operating costs, increased quality
Yo control, and more. The audience was engaged and very enthusiastic! We look

forward to more of these masterclasses where we bring new tools and software
to our IChemE TTMG group.

APPLYING THE CAPITAL VALUE PROCESS TO ENGINEERING WEBINAR

The Technical Training and Mentorship (TTM) committee hosted a webinar on

the Capital Value Process on 27th April 2023, by Mr. Mark Baldeo, lead project
management consultant with Arkulus Solutions. Here, the IChemE TTMG
membership got expert guidance into introductory aspects of project 27
management, the five stages of CVP, as well as "rules of thumb" on the typical
deliverables process engineers should focus on at each stage of our projects. Apl‘
This content was a key first step in the TTM's plan to provide insight and
knowledge from industry experts on the more novel aspects of our field, that

process engineers may encounter on a day to day basis. We look forward to
providing even more engaging sessions as we move into 2024.

— GI@‘Z'
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ICHEME TTMG

2023 Events Recap

22

Jun

A

INTERNATIONAL WOMEN IN ENGINEERING DAY (INWED) PANEL DISCUSSION

On the 22nd June, 2023, IChemE TTMG welcomed an esteemed panel of
outstanding female leaders from various sectors, in honor of “International Women
in Engineering” Day. Ariana Emanuel, Supply Chain Manager at Shell Norco Facility;
Cassandra Dewan, Audit to Optimize Engineer at SLB and Jaime-Ann Babwah, Head
Technical Services at PPGPL, touched on topics such as psychological safety, safety
culture and sustainability. These topics were aligned to the INWED theme for 2023,
“Making Safety Seen”. Our audience had the opportunity to engage with the
panelists and benefited from their invaluable insight, such as their advice to less
experienced engineers entering the job market.

UNDERSTANDING DATA SCIENCE AND MACHINE LEARNING

Kevan Rajaram, Director of Data Services at PwC, a lead Data Scientist in the

fields of Mathematics, Statistics and Economics, gave insight into how data
manipulation can be applied to structured and unstructured data. He also 10
brought light to machine learning as a subfield of Artificial Intelligence, as it

focuses on developing algorithms and models that allows computers to make Au
decisions and predictions. This discussion, though not within the typical realm of g
Chemical and Process Engineering, allowed our members to appreciate the

impact that Data Science and Machine Learning can have across various
industries, thereby broadening our outlooks and perspectives.

q

©

26
Sep

A PROCESS SYSTEMS ENGINEERING APPROACH TO FLEXIBLE PROCESS DESIGN
AND DISTRIBUTION

On the 26th September, 2023, IChemE TTMG, in collaboration with The University of
the West Indies, St. Augustine Campus, was honoured to host Dr. Maria
Papathanasiou who delivered an amazing, in-person, technical seminar, at the
University of the West Indies! Dr. Papathanasiou is an esteemed Senior Lecturer
(Associate Professor) at the Department of Chemical Engineering, Imperial College
London. She shared knowledge on how computer-modeling can enable adaptive
process design, sustainable operation and optimal process performance, harnessing
the power and economical sustainability of computer-based experiments within
pharmaceutical and energy systems. Participants were exposed to various
applications of Chemical and Process Engineering and gained an appreciation for how
it can be applied in different industries. Participants had the opportunity to mix,
mingle and network after the technical seminar.
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ICHEME TTMG

2023 Events Recap

STUDENT OUREACH SESSIONS AT THE UNIVERSITY OF THE WEST INDIES (UWI) ST.
AUGUSTINE CAMPUS AND THE UNIVERSITY OF TRINIDAD AND TOBAGO (UTT)
POINT LISAS CAMPUS

On the 4th October, 2023, the IChemE TTMG team completed Student Outreach
04 Seminars at both UWI and UTT. Dr. Jeffery Smith, the IChemE TTMG UWI

representative, hosted a hybrid in person/virtual session at the University of the
oct West Indies. Management Committee Chairperson, Judith Armorer, and Steering

Committee Chairperson, Canute Hudson, led the session. Mere hours later, NFSR
Subcommittee lead, Renisha Hercules, and past Treasurer Wayne Mohan, led a
student outreach session at the University of Trinidad and Tobago. Dr. Marian
Watson kindly facilitated this hybrid session at UTT. These sessions addressed area
such as the benefits of becoming a member of IChemE, the benefits of volunteering
with IChemE Trinidad & Tobago Member Group and upcoming events and areas to
get involved such as volunteering, mentorship, & networking.

Student Outreach at the University of A Process Systems Engineering
the West Indies & the University of Approach to Flexible Process Design
Trinidad & Tobago and Distribution
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Thermal Pyrolysis: Converting Waste Tyres into Energy

by Aaron A. O'Neal, Sherice Allaham, Suzette Kolahal, Kareema Hosein
B.A.Sc. Process Engineering, Process Engineering Programme, University of Trinidad and Tobago (UTT)

This article is based on a Final Year Design Project day. It can produce approximately 115 kg of pyro-

done in support of the UTT BASc Process Engineer-
ing programme.

Approximately 3 million tyres are imported into
Trinidad and Tobago annually due to the absence
of a local tyre manufacturing plant. As a result, 1-
1.5 million scrap tyres are generated each year ],
contributing to around 210,000 tonnes of commer-
cial waste that is sent to landfillsBl. The lack of prop-
er tyre recycling procedures leads to the burning of
most of this waste, causing severe environmental
and health consequences for humans and animals.

The thick smog resulting from tyre burning exacer-
bates health conditions such as asthma, sometimes
even leading to death (Figure 1).

To address this issue, thermal pyrolysis can be em-
ployed to reduce tyre waste and establish a circular
economy. This process utilizes high temperatures
in the absence of oxygen to convert end-of-life
tyres into carbon black, synthesis gas and pyrolytic
oil. These components can then be reused in the
tyre manufacturing process (Figure 2).

A thermal pyrolysis plant, designed using the As-
pen HYSYS (v10) software, aims to convert waste
tyres into alternative forms of energy (Figure 3).

Based on our design, a 10 m® waste tyre pyrolysis
plant can process 1-2 tonnes of waste tyres per
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Figure 1: Burning of tyre waste in Trinidad and To-

lytic oil, 20 kg of carbon black, and 475 kg of syn-
thesis gas from processing 1 tonne of isoprene, the
primary component in automobile tyres. The plant
demonstrates a 51.84% internal rate of return (IRR)
and a net present value (NPV) of US$69,965,197,
with a capital expenditure of US$3,627,315 over a
10-year period.

This sustainable process offers various environ-
mental, social, and economic benefits:

Environmental:

e Recycling tyres reduces the overall quantity of
waste in landfills.

e Emissions from tyre burning are minimised as
the process occurs in an inert environment -
without oxygen.

R “‘((“\

"“‘ % 1IN
D ’s“
N

&

)

Pyrolysis
(400, 500, 600°C)
o NOoxXygen

.

Gas Qil Char

I * resources preservation

* energy recovery
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¢ valuable chemicals

Figure 2: Pictorial representation of tyre con-

version in the pyrolysis process.

PAGE 10



Thermal Pyrolysis: Converting Waste Tyres into Energy

by Aaron A. O'Neal, Sherice Allaham, Suzette Kolahal, Kareema Hosein
B.A.Sc. Process Engineering, Process Engineering Programme, University of Trinidad and Tobago (UTT)
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By reusing the plant's products in the manufactur-
ing of styrene-butadiene rubber - a major raw mate-
rial in the tyre manufacturing process, the tyre man-

ufacturing process can now become a sustainably
ducing the dependence on raw material explo- supplemented recycle loop.
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e Scrap metal extracted from tyres can be sold to

Economic:

e The circular economy is promoted as all prod-
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scrap iron dealers. References
e Carbon black has multiple applications as pig-

ment, filler in rubbers, a component in road " Loop News. (2022, September 14). SWMCOL:

Tyres still being collected for recycling.

2IDina Czajczynska, Krzysztof Czajka, Renata
Krzyzynska, Hussam Jouhara, Waste tyre pyroly-
sis - Impact of the process and its products on

paving, as well as in the production of activated
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Thermal Pyrolysis: Converting Waste Tyres into Energy

by Aaron A. O'Neal, Sherice Allaham, Suzette Kolahal, Kareema Hosein
B.A.Sc. Process Engineering, Process Engineering Programme, University of Trinidad and Tobago (UTT)

the environment, Thermal Science and Engi-
neering Progress, Volume 20, 2020, 100690,
ISSN 2451-9049, Retrieved from https://
www.sciencedirect.com/science/article/pii/
$2451904920302109

BISWMCOL (2010). Landfill Management. Re-
trieved from: Landfill Management

(swmcol.co.tt). Retrieved on 23 March, 2023.

4l Jedidiah, Angelo (2022). Trinidad & Tobago
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¥l Combustion engine applications of waste tyre
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ons of waste tyre pyrolytic oil
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Q&A Segment with
Wayne Mohan, FIChemE (Process Safety)

Process Safety Discipline Manager, Heritage Petroleum Company Limited

For those who may not know, who is Wayne Mohan?

| grew up in Couva, having the time of my life with my two
awesome brothers, and | attended the Couva Govern-
ment Secondary School; those were the good old days,
full of fun and unforgettable memories.

| love travelling, seeking new adventures, and exploring
the great outdoors; | particularly like visiting South Ameri-
ca because the culture is friendly and unique. Here's a
funny twist, | wasn't a fan of Spanish during my school
days, but life has its surprises! | fell in love with an incredi-
ble person from Colombia, so | had to learn the language
for love.

Family means the world to me, and I'm blessed with four
wonderful children. Three have already grown into amaz-
ing adults, while my youngest is a spirited 16-year-old
who is competitive at everything and who presently holds
the 2nd place position for the National Chess Champions
in Trinidad and Tobago. And here's a little secret - I'm a
huge movie enthusiast! Going to the cinema and getting

i}

lost in captivating stories is my idea of a relaxing time.

What is your current role in Herit-
age, and what roles did you hold
prior to this?

| am the Process Safety Discipline
Manager at Heritage Petroleum
Company Limited, where | suc-
cessfully implemented the OSHA
1910.119 Process Safety Manage-
ment System across multiple busi-
ness units.

Before that, | was the Head of Pro-
cess Safety at the Petroleum Com-
pany of Trinidad and Tobago
(Petrotrin), where | was entrusted
with building the Process Safety
Management system for the refin-
ery. It is at this company where my
professional journey began, but
back then, it was called the Trini-
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dad and Tobago Oil Company
(Trintoc).

Taking a significant step toward
my Process Safety journey, | had
the incredible opportunity to
work as a Process Safety Consult-
ant for Saudi Aramco and Total in
Saudi Arabia. Prior to that, my ca-
reer path led me to the Process
Improvement field, working with
Shell Global Solutions. There, |
was actively involved in driving
Petrotrin's process improvements
and auditing operational process-
es, contributing to the organisa-
tion's overall efficiency and effec-
tiveness.

Furthermore, | would have
worked in various senior positions

| THE VESSEL |
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within refinery operations. My in-
volvement in the operation and
maintenance of several refinery
processing plants has provided
me with valuable insights and
hands-on experience that shaped

my expertise in the process safety
field.

What is one interesting fact about
you?

An interesting fact about me! |
absolutely love magic, and I've
been practising it since | was just
14 years old. It's been such an
amazing journey, filled with won-
der and excitement. I've spent
countless hours honing my skills,
mastering various illusions, tricks,
and sleight of hand. It's like step-
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Q&A Segment with
Wayne Mohan, FIChemE (Process Safety)

Process Safety Discipline Manager, Heritage Petroleum Company Limited

ping into a world of mystery and
captivating the audience with
every performance. The thrill of
magic never gets old, and | love
sharing my mesmerising tricks
with others. It's a creative and fas-
cinating side of me that brings
joy to myself and those who ex-
perience the magic first-hand! |
have incorporated a few sleights
of hand during some training,
and that broke the ice making
people more interactive in dis-
cussions and thus improving the
learning process.

Why is Process Safety important
within the energy industry partic-
ularly?

The application of process safety
is critical in the energy industry
due to the inherent risks associat-
ed with handling and processing
hazardous substances such as oil,
gas, and chemicals. The energy
industry employs complex pro-
cesses that involve high-pressure
systems, flammable materials,
and complex equipment. Ne-
glecting process safety could re-
sult in devastating incidents such
as explosions, fires, and toxic re-
leases, resulting in loss of life, se-
vere injuries, environmental dam-
age, and massive financial losses.

Prioritising process safety can
help businesses prevent acci-
dents, protect workers, and pro-
tect communities and the envi-
ronment. Implementing robust
safety management systems,
thorough risk assessments, con-
tinuous monitoring, and regular
training ensures a culture of pro-

OCTOBER 2023

cess safety and risk awareness.
Adhering to strict process safety
standards prevents disasters and
fosters public trust, regulatory
compliance, and long-term oper-
ations. In the energy industry,
where the stakes are high, pro-
cess safety is an unwavering
commitment to protecting peo-
ple, assets, and the environment.

What drew you to this field?

The profound sense of responsi-
bility and the opportunity to
make a real difference drew me
to the process safety field. While
working in operations, | became
more aware of possible cata-
strophic incidents due to poor
decisions. People take risks;
things can go wrong even with
the best intentions.

The complexities and challenges
of ensuring the safety of intricate
industrial processes involving
hazardous materials captivate
me. That is why | became a Char-
tered Process Safety Engineer,
followed by obtaining
the Professional Process Safety
Accreditation from the Institution
of Chemical Engineering
(IChemE), but | still wanted more,
which is why | recently obtained
the status of Fellow in Process
Safety. | was the first in Trinidad
and Tobago to gain these cre-
dentials; my passion, work ethic,
and willingness to learn are my
drivers to become the best | can
be in the process safety profes-
sion.

| THE VESSEL |

What is the most meaningful part
of your job?

The most rewarding aspect of my
job is knowing that my efforts di-
rectly affect the well-being and
safety of countless people. As a
process safety professional, | take
great pride in being a process
safety guardian in the energy in-
dustry. Knowing that my efforts
help to prevent accidents, save
lives, and protect the environ-
ment gives me a deep sense of
fulfilment and purpose in my dai-
ly work. Every technical risk as-
sessment, safety protocol imple-
mentation, and continuous im-
provement initiative has a larger
purpose that extends beyond the
office walls. It is gratifying to see
the positive outcomes of the pro-
cess safety measures, which en-
sure that operations run safely,
while putting everyone's health
and safety first. The cornerstones
of my role are fostering a process
safety-centric culture and pro-
moting a proactive approach to
risk management, and knowing
that my contributions make a sig-
nificant difference is the most re-
warding and meaningful aspect
of my job.

The industry is changing, and so
might the role you play in it
Where do you see yourself in 5
years?

Because the industry is constant-
ly changing, our roles also
change. It is critical to remain
flexible and forward-thinking. So,
where do | see myself in the next
five years? As a professional, |
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strive to be at the forefront of this
ever-changing field. | see myself
as a process safety leader, spear-
heading innovative initiatives and
establishing higher safety stand-
ards. It all comes down to making
a significant difference in the in-
dustry's safety culture and prac-
tices. | see myself constantly
growing and learning, keeping
up with recent advancements and
best practices. My goal, whether
as a leader or as an expert con-
sultant, is to contribute to a safer
and more resilient energy indus-
try. I'm excited about the future,
and | can't wait to help shape it
for the better.

What advice do you have for re-
cent/future graduates hoping to
enter the field of Process Safety?

| advise recent or future gradu-
ates who want to work in Process
Safety to embrace continuous
learning and seek relevant expe-
riences. Begin by laying a solid
foundation in engineering or a
related field. Learn about industry
standards, regulations, and best
practices for process safety. In-
ternships can help you gain
hands-on experience in real-
world process safety scenarios.
Networking with industry profes-
sionals can provide valuable in-
sights and potential career op-
portunities.

Keep an open mind and be curi-
ous, as the field is constantly
evolving with new technologies
and methodologies. To stay up to
date on the latest trends, look for
opportunities to participate in
safety-related workshops, semi-
nars, and conferences.

Above all, keep in mind that pro-
cess safety is about protecting
both people and the environ-
ment. You'll need strong commu-
nication and teamwork skills be-
cause you'll be working with a
variety of teams. Accept every
learning opportunity, be proac-
tive, and demonstrate your com-
mitment to making the world a
safer place. You can carve a re-
warding and impactful career in
process safety with dedication
and a commitment to safety ex-
cellence.

Throughout your career, have
there been any process safety
events that left an impression on
you or influenced your thinking?

While there have been many pro-
cess incidents, the Bhopal inci-
dent was one of the process safe-
ty events that left a lasting im-
pression on me and significantly
influenced my thinking. Under-
standing the devastation caused
by that tragedy has highlighted
the critical importance of process
safety in industrial operations. It

serves as a stark reminder of the
potentially disastrous outcomes
when safety protocols are not pri-
oritised or diligently followed.
The Bhopal disaster’ taught me
the invaluable lesson of the far-
reaching consequences of a sin-
gle safety lapse on human lives,
the environment, and communi-
ties. It has reinforced my commit-
ment to promoting a process
safety-first mindset and imple-
menting stringent measures in all
aspects of my work. Learning
from this and other events, | am
more committed than ever to
making a positive difference in
the industry through proactive
risk management and fostering a
strong process safety culture. My
goal is to transform Trinidad and
Tobago's process safety land-
scape.

How can Process Safety Engi-
neers contribute to a Learned So-
ciety? (ref: https://
www.icheme.org/strategy/aims/
aim-2/)

Process safety engineers are criti-
cal contributors to a learned soci-
ety such as the Institution of
Chemical Engineers (IChemE).
We can improve industry safety
knowledge and practises by ac-
tively participating and sharing
our expertise. Participating in the
Learned Society's knowledge-
sharing events, conferences, and

! The Bhopal Incident is widely considered the worst industrial disaster in history. On December 3, 1984, a pesticide plant in
Bhopal, india released approximately 40 tonnes of highly toxic methyl isocyanate (MIC) into the atmosphere. There were thou-

sands of fatalities, hundreds of thousands of injuries, as well as long term health, environmental, and economic impacts. Read
more at
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workshops is one important way.
Process safety engineers can
share case studies, research find-
ings, and best practices to pro-
mote a culture of continuous
learning and improvement.

Process safety engineers can ex-
change ideas, address challeng-
es, and collectively drive ad-
vancements in safety technolo-
gies and methodologies by col-
laborating with other profession-
als. Active participation in tech-
nical committees and working
groups within the Learned Socie-
ty increases their impact.

Process safety engineers can also
mentor and guide early-career
professionals, passing on their
knowledge and experiences in
order to shape the next genera-
tion of safety leaders. They can
make such contributions to raise
safety standards, promote collab-

oration, and make the industry
safer and more resilient.

Are there any resources you fre-
quent, such as websites, books,
or standards, that you'd like to
share with our readers who may
be interested in learning more
about process safety?

There are several valuable re-
sources that | frequently refer to
for those interested in learning
more about process safety. The
Institution of Chemical Engineers
(IChemE) is a great place to start;
they also have valuable resources,
such as technical papers, webi-
nars, and industry standards relat-
ed to process safety. Their Safety
Centre is an excellent source of
information.

The American Institute of Chemi-
cal Engineers (AIChE) has estab-
lished the Centre for Chemical
Process Safety (CCPS). They al-

so provide a wealth of process
safety publications, guidelines,
and best practices.

Furthermore, the Occupational
Safety and Health Administration
(OSHA) website provides exten-
sive information on process safety
regulations and guidelines.

Highly recommended books in-
clude "Chemical Process Safety"
by Daniel A. Crowl and Joseph F.
Louvar, " Introduction to Process
Safety for Undergraduates and
Engineers" by Edward M. Marszal,
and "Guidelines for Risk Based
Process Safety" by the Center for
Chemical Process Safety (CCPS).

These resources provide valuable
insights and knowledge to im-
prove process safety understand-
ing and practice, making them
essential references for anyone
interested in delving deeper into

the field.

TO WAYNE MOHAN FOR‘HIS APPOINTMENT TO THE
GRADE OF PROCESS SAFETY FELLOW WITH ICHEME
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Process Safety and Asset Integrity Management for Ageing

Facilities
by Rae-Ann Joseph, Team Lead—Process Safety, Atlantic LNG

The typical design life expectancy for a facility
ranges between 20-35 years. However, actual op-
erating life may be shorter due to factors such as
operation and maintenance of equipment outside
of recommended practices and ageing. Ageing is
the effect whereby an asset suffers some form of
deterioration to a material extent, with an increas-
ing likelihood of failure over its lifetime. If the dete-
rioration goes undetected, or is not addressed in a
timely manner, this has the potential to render
equipment unfit for purpose and can affect its func-
tionality, availability, reliability, and safety and in-

troduce new risks to a facility’s operation.

A study of major hazard incidents across Europe
between 1980 and 2006 showed roughly 60% of
the incidents were related to loss of technical in-
tegrity and 50% of those were attributed to ageing
plant mechanisms such as erosion, corrosion, and
fatigue.

Figure 1 provides a breakdown of these incidents
and highlights two top causes: mechanical failures
due to corrosion and erosion, and electrical, con-
trols and instrumentation (EC&l) related failures.

Causes of Technical Integrity Incidents in Europe

(1980- 2006)
40%
) 29%
o 22% 18%
0 0 0,
20% 13% 11%
I
O% - ||

Figure 1: Breakdown of Causes for Technical Integrity Incidents’.

Listed below are some examples of ageing mecha-

nisms that may be encountered on a mature oper-

ating facility:

e External corrosion primarily due to coating fail-
ures under insulation and in susceptible loca-
tions e.g., under pipe supports, and fire-
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proofing. There are a variety of corrosion mech-
anisms some of which occur more frequently
than others e.g., localized corrosion such as pit-
ting, environmental cracking and fretting.

e Obsolescence and failures in obsolete instru-
mentation e.g., transmitters
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e Cyclic stresses and fatigue in machinery and
structures.

e Recurring leaks on valves, instrument fittings
and connections.

While ageing is inevitable, the risk can be counter-

acted using robust maintenance, inspection, and

asset integrity strategies to ensure integrity of a

facility’s assets and fitness for service throughout

its lifecycle. As a facility matures, risk management

strategies and mechanical integrity programmes

must also evolve to reflect the current and future

needs of the operation. These strategies must con-

sider several factors, including?:

e Inherent hazards of the operation.

e Technical integrity risks that may arise during
design, installation, and operation.

e Susceptibility to ageing-related deterioration
or damage.

e Types of ageing mechanisms for various cate-
gories of equipment

e The extent to which ageing is being effectively
managed.

A facility must develop and implement plans for
ageing assets in its strategic objectives. In 2020,
Atlantic LNG developed long-term maintenance
and asset integrity management plans for each of
its trains to identify key activity drivers, required
resources and budgets for equipment and disci-
plines to address key operating threats and oppor-
tunities over a five-year cycle. These plans include
major projects such as upgrades for obsolescent
equipment, equipment overhauls, special mainte-
nance campaigns and evergreen fabric mainte-
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nance campaigns which can be executed during
planned shutdowns or online where it is safe to do
so.

To help drive these plans, management also needs
to innovate and explore the use of available tech-
nology to find solutions. The use of digitalization
tools such as Power Bl dashboards, artificial intelli-
gence (Al), machine learning to predict equipment
failures and specialized tools or software for risk
management, corrosion management and fabric
maintenance should be applied to innovate, drive
continuous improvements, and facilitate cumula-
tive risk analysis and reviews.

It is important for operating facilities personnel to
be proactive and vigilant in efforts to identify and
manage potential hazards and ageing mecha-
nisms, and then strategically address concerns us-
ing robust and agile processes for risk identifica-
tion, asset integrity, operating and maintenance to
ensure safe continued operation of facilities for its
lifetime.
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THE LOOK AHEAD

NOVEMBER 2023 INTO
MARCH 2024

GET CHARTERED SERIES

In October 2023, Part 1 of a three stage
series on the Chartership Application
Process was held. Join us for Stages 2
& 3 which will be held in November @
2023. Attendees will benefit from a 2
detailed description of the application :,JVNEDBﬁsiEAND'NG LOPA I]I:":I[l
process for Chartership, presented by

IChemE’s Global team. This webinar will provide a discussion
around the key constituents of LOPA and
how the application of the LOPA process
can be used to determine if there are
sufficient layers of protection against an
accident scenario in the process industry.

END OF YEAR MIXER
(DECEMBER)

The NFSR Committee will be hosting an
in-person end-of-year mixer. We look
forward to mixing and mingling with our
members in a casual setting. Come MENTOR-MENTEE
unwind, meet the committee and other PROGRAMME LAUNCH
professionals from the community. (JANUARY 2024)

TTM will be launching the Mentor-Mentee
programme, which is two-fold in nature as
it will be assigning experienced mentors to
assist mentees on the journey to
Chartership with IChemE, as well as

ICHEME TTMG POLOS FOR guiding mentees in technical, academic
SALE and/or entrepreneurial development.

Our polos are available from S-XL in the
colours black, grey, navy blue and white
for both males and females, at a cost of
$120. Look out for our posts on social
media for when we begin accepting
orders.

P trinidadtobago.ichememember@gmail.com

Keep abreast of our updates ; IChemE Trinidad IChemE Trinidad and
via our social media pages: r@ @icheme_tt m and Tobago n Tobago Member Group

OCTOBER 2023 | THE VESSEL | PAGE19



The Green Hydrogen Transition for the Ammonia Industry in

Trinidad and Tobago

by Jaden Brereton, BSc. Chemical and Process Engineering

Introduction

Trinidad and Tobago (T&T) is home to a lucrative
ammonia industry dating back to 1959, with first
operations ran by Federation Chemicals Limited
which was acquired by Yara Trinidad Limited
(Ministry of Energy & Energy Industries 2023).
These plants are situated on the Point Lisas Indus-
trial Estate and require sufficient power to ensure
that all their processes function efficiently. At pre-
sent, the ammonia plants make use of T&T’s natural
gas networks to power their operations. Whilst nat-
ural gas presents itself as a clean burning fuel,
more sustainable alternatives such as renewable
energy sources need to be sought.

In doing so, we can begin the process of achieving
an environmental reset, one we desperately need
amidst the high concentration of greenhouse gases
(GHG) that currently plague our atmosphere. In
alignment with the United Nations 2030 Agenda for
Sustainable Development, T&T has pledged its
commitment to reduce its emissions by 15% by
2030, particularly in the transportation, electricity
generation and industry sectors (United Nations
2022). One way of ensuring that this initiative can
be achieved is through the use of green hydrogen

as a renewable feedstock in the ammonia manufac-
turing process.

Hydrogen is a common feedstock utilized in the
petrochemical industry, for processes such as
crude oil refining and in the production of ammo-
nia and methanol. However, hydrogen can be char-
acterized in a spectrum based on how it is pro-
duced. Three such categorizations of hydrogen are
grey hydrogen, blue hydrogen and green hydro-
gen.

Grey Hydrogen

This type is produced through the steam refor-
mation process, where natural gas with the assis-
tance of steam undergoes a conversion, resulting in
a by-product of carbon dioxide (see Figure 1). Its
categorization as “grey” is given due to the con-
sumption of fossil fuels and the release of carbon
dioxide in the process (Deloitte 2021).

Blue Hydrogen

This type is produced via the steam reformation
process, but utilizes carbon capture technology to
mitigate the environmental effects of the eventual
carbon dioxide emissions (see Figure 2). Though

o
Jf I’C_-ljﬁl:l_!”_ -’G *Q
> '
Natural Blue Solar Green
gas hydrogen hydrogen
Natural Grey
gas hydrogen /
> Steam
{| 1,0 = reformer
Steam ey Wind Electricity Electrolyser
@7 reformer _.@ Water
dioxide >
Water Carbon
dioxide Carbon Water Oxygen
capture)

Figure 1: Grey Hydrogen Production Line | Figure 2: Blue Hydrogen Production Line Figure 3: Green Hydrogen Production
Diagram (Deloitte 2021). Diagram (Deloitte 2021). Line Diagram (Deloitte 20217).
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the process is still fossil fuel dependent, inclusion of
the carbon capture process allows for the capture of
90-95% of carbon dioxide emissions (Deloitte 2021).

Green Hydrogen

This type of hydrogen is produced through the elec-
trolysis of water, where an electric current is applied
to break water molecules into its constituents hydro-
gen and oxygen (see Figure 3). Electricity generated
from renewable sources must be used. The hydro-
gen produced is considered “green” due to no us-
age of fossil fuels and no emissions of carbon diox-
ide in the process (Deloitte 2021).

Rationale

At present, the ammonia plants make use of grey
hydrogen for their feedstock (see Figure 4), which is
carbon intensive. In Trinidad, a carbon management
study conducted by the University of Trinidad and
Tobago (UTT) estimated carbon dioxide emissions
of 40 million metric tonnes for the country, with
eight million metric tonnes emanating from ammo-
nia plants (Ministry of Energy and Energy Industries
2023). This drives the need for an alternative ap-
proach to be taken to help curb the carbon emis-
sions from the ammonia industry - the incorporation

P
4

s, #
{_ Steam ; i

b

_/"‘ Natural ™ . Steam Water-gas co,

{ } Desulphuriser .

. gas ./ reformer shift reactor separator
- Y Ammonia Ammonia .
\f\mmonla g separation synthesis Mathanation J

»

Unreacted gases

Figure 4: Grey Ammonia Production Process.

of green hydrogen as feedstock encourages this
(see Figure 5).

Ammonia plant operators globally have already be-
gan thinking of ways in which they can reduce their
emissions from their operations. In doing so, it is
critical that the transition does not impact plant relia-
bility and yield. Companies such as the Avaada
Group have expressed their interest in setting up a
green ammonia facility in Rajasthan, India, with an
expected production capacity of one million tonnes
per annum. In addition to this, Unigel, a Brazilian

OCTOBER 2023

| THE VESSEL |

chemical company, has also began construction on
a green hydrogen/ green ammonia plant in Bahia. It
is expected that the construction of this plant be
completed in 2023, and will result in the production
of 40,000 tons of green hydrogen and 240,000
tonnes of green ammonia by 2025 (Blain 2022).

These upcoming projects provide a scope as to the
potential of green ammonia. However, in certain
cases, a complete transition to the production of
green ammonia may not be feasible due to market
conditions. Instead, a hybrid approach can be
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Figure 5: Green Ammonia Production Process.

adopted during the transition, where currently exist-
ing ammonia plants can be retrofitted to provide
both ammonia and green ammonia. With the use of
a patented technology developed by the company
Topsoe, existing operations can be altered to incor-
porate water electrolysis, producing 10% green am-
monia, with limited changes (Topsoe 2022) (see Fig-
ure 6). By adopting this approach, current produc-
tion capacities can be sustained whilst maintaining
interest in the transition to sustainable alternatives.

T&T has room for this hybrid approach in our transi-
tion to more sustainable petrochemical operations.
This initiative can be introduced through a pilot pro-
ject set up at one of our existing ammonia facilities.
In 2022, The Ministry of Energy and Energy Indus-
tries (MEEI) published a roadmap for a Green Hydro-
gen Economy in T&T. This roadmap gives an over-
view of the potential that T&T has for making use of
hydrogen in industry to achieve our decarbonization
goals. Due to the dire need for global decarboniza-

CONVENTIONAL
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AMMONIA

HYBRID PLANT
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Figure 6: Topsoe’s Hybrid Ammonia Production Process (Topsoe 2022).
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tion, the transition to the use of green hydrogen is
considered unavoidable, as it would only serve as a
benefit for difficult-to-abate sectors of carbon emis-
sions.

At present, the country is moving forward with the
key items put forward in its Green Hydrogen
Roadmap. These plans have been split into three (3)
horizons for execution on the road to a hydrogen
economy, based on a thirty-five (35) year develop-
ment plan. However, to achieve these goals, signifi-
cant investment would be necessary in the up-
stream development of the hydrogen value chain,
along with expansion of existing petrochemical in-
frastructure (National Energy Corporation of Trini-

dad and Tobago 2022).

Outside of the GORTT, other entities are making
waves within the hydrogen sector for the generation
of cleaner hydrogen. Key players have been in con-
tinuous discussion for the facilitation of a hydrogen
project. This project will bring on stream Trinidad
and Tobago's first clean hydrogen production facili-
ty, and is expected to have a capacity of 27,000

MTPA. Most recently, this project achieved a mile-
stone arriving at the tender process for the Front
End Engineering Design (FEED) and Engineering
Procedure and Construction (EPC) phases for con-
struction. This puts T&T as a leader in moving for-
ward with a clean hydrogen transition, being one of
the first to arrive at this stage. However, this project
can only be brought to life, with a reliable source of
renewable power. At present in T&T, there are no
large scale renewable power sources available.
However, there are two notable projects in develop-
ment. Kenesjay Green Limited (KGL) is the owner
and project developer for a proposed US$300 mil-
lion NewGen Hydrogen Project in Trinidad and To-
bago (energynow 2022), which will produce decar-
bonized hydrogen via the electrolysis of water utilis-
ing low carbon power sources from:

1. The Lightsource BP project, which comprises of
two proposals involving a consortium of Lightsource
bp, bp and Shell working together to develop two
solar installations that have output power capacities
of 20MW and 92MW in Trinidad and Tobago
(lightsourcebp 2023).

Horizon 3

2045 - 2065

Horizon 2
2029 - 2044

Horizon 1
2022 - 2028

Investment in
Renewable Energy
Projects

Building the right foundation
for Trinidad and Tobago

Longer-term deployment with
full-scale projects and
established Renewable Energy
projects portfolio

Large Scale Investment in
Renewable Energy Projects

First full-scale Renewable Energy projects
for Trinidad & Tobago, reinforcing decar
bonisation agenda and commitment to
Paris Agreement

Visible and tangible efforts to demonstrate Energy

Transition & Sustainability and start establishing a
foundation for the future of Trinidad & Tobago

Figure 7: Timeline for Green Hydrogen Roadmap for Trinidad and Tobago.
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2. Energy-efficient power produced from waste heat 5.
(NewGen Energy Limited 2020).

Conclusion
The use of green hydrogen in T&T presents itself as

a fruitful venture, and can result in reduced to car-

bon emissions from ammonia production opera-

tions. In addition to this, a decline in the usage of

natural gas as a feedstock in the ammonia process is

anticipated, allowing it to be supplied to other pro-

cesses and industries in need of a relatively clean

burning fuel source.

Bibliography

1. Blain, Loz. 2022. 30 November. https://
newatlas.com/energy/largest-green-ammonia-

projects/.

Deloitte. 2021. “The potential of hydrogen for
the chemical industry.”

energynow. 2022. enesjay Green Limited (KGL)

working in partnership with Dominica to deliver 10.

a Green Hydrogen Country Assessment. 8
March.
green-limited-kgl-working-in-partnership-with-

https://energynow.tt/blog/kenesjay-

dominica-to-deliver-a-green-hydrogen-country-
assessment.

lightsourcebp. 2023. Projects. Accessed 2023.
https://lightsourcebp.com/tt/projects/.

OCTOBER 2023 | THE VESSEL |

8.

9.

11.

Ministry of Energy & Energy Industries. 2023.
Trinidad’'s Ammonia Industry . Accessed 2023.
https://www.energy.gov.tt/our-business/Ing-
petrochemicals/petrochemicals/ammonia/.
Ministry of Energy and Energy Industries. 2023.
Carbon Capture Utilization and Storage (CCUS).
https://www.energy.gov.tt/our-business/carbon-
capture-utilization-and-storage-ccus/
#:~:text=A%202018%20Carbon%
20Management%20study,Dioxide%
20emanating%20from%20ammonia%20plants.
National Energy Corporation of Trinidad and To-
bago. 2022. The Roadmap for A Green Hydro-
gen Economy in Trinidad and Tobago. Novem-
ber.

NewGen Energy Limited. 20 20. The Project. Ac-
cessed 2023. https://newgenenergyltd.com/the-
project/.
NRDC. 2019.
stories/greenhouse-effect-101#consequences.

16 July. https://www.nrdc.org/

Topsoe. 2022. Hybridized Green Ammonia.
https://info.topsoe.com/green-ammonia.

United Nations. 2022. Trinidad and Tobago -
Voluntary National Review. December. Accessed
2023.
memberstates/trinidadtobago.

https://sustainabledevelopment.un.org/

PAGE 24



THANK YOU

~TO OUR SPONSORS

FIRST GENERATION MARKETING AND DISTRIBUTION

< ySYS
FITNESS




FUN SECTION

THAT FEELING WHEN |
GET ASKED WHAT I DO Brainteaser #1

In front of you are three light
switches. Only one does
anything - it turns on the light
downstairs. From where you
are standing, you can't see
the downstairs light, and it
makes no sound. You must
determine  which  switch
operates the light, BUT you
can only go downstairs to
check it once. How do you
figure out which switch is for
the light?

ANDISAY: “TM A PROCESS
ENGINEER"

»”
Brainteaser #2
You have 2 pieces of rope, What are vou
each of which burns from one studying?’ .
end to the other in 30 \ '
minutes (no matter which end "
is lit). If the two pieces touch, Y
the flame will transfer from £ vk o
one to the other. You cannot ‘ y
assume any properties of the Chemicaland Process

rope that were not stated. Engineering
Given only 1 match, can you :

use the ropes to time 45
minutes?

. | I :
T | A

GIFSec.com)

Solutions
#1: Since light bulbs convert electricity into light and heat, you can turn on one switch and leave it for 5-10 minutes so that if it is for the light bulb, it would get warm. Then, do the same for
the second switch. Now go and check. If the light is on, then you have determined that the second switch is for the lightbulb. If it is off but hot, then you know the first switch was the one
that worked. If it's off and cold (assuming it won't lose its "heat" in the time that's passed), then neither of the first two worked, and the working switch must be the last, un-flicked one.
#2: Place one of the ropes at the midpoint between the other and the light (in a “T” configuration) and then light the end of the “vertical rope”. This will allow this entire vertical rope to burn
from one end to the other in 30 minutes, and then the other rope to start burning from it’s midpoint to both ends at the same time, which would be 15 minutes each, resulting in a total 45
minutes of burning time.
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