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Environmental Crisis........ 1.1

Climate change refers to long-term chang-
es in average weather patterns, whether
globally or locally (Pappas, 2022: online). This
has happened quite a few times in earth’s
history, but over a significantly extended
period. We experience this today due to
the rapid growth and expansion experi-
enced during the industrial age beginning
in the early 1800s. According fo the National
Oceanic and Atmospheric Administration,
carbon emissions have skyrocketed to the
highest concentration in over 4.5 million
years, at 417 parts per million, according

to the National Oceanic and Atmospheric
Administration.

Today we face a severe problem regard-
ing the future of our planet and the world
we plan to leave behind for our children.
Temperature records from as far back as
1850, show that the globe has on average
warmed by 0.8° C; if this frend continues in
its current trajectory, the IPCC estimates that
the global average temperature will be 2.5-
4.7° C , higher in 2100 when compared to
pre-industrial levels. The ambition of human-

kind and the exertion of our rapid expansion; ™
over the earth has seen a 48% rise in carbon T

concenfration within the atmosphere, which
would take approximately 20 000 years as

a natural phenomenon. This sudden rise in
atmospheric temperatures has devastatfing
effects on climate and biodiversity, clearly
visible foday. Forest fires and flash flooding
are at an all-time high as seasonal changes
are delayed and average daily tfempera-
tures are on the rise. The effects of our con-
sumerism-based society stretch far and wide
and between 2009 and 2018, coral cover
has progressively declined by a staggering
14%.

While they only consist of 0.5% of the ocean
surface areaq, they are the primary produc-
er of oxygen on the planet (Creary, 2021:
online).

While a growing number of countries have
aspired to reach net zero emissions by 2050,
about half of emissions cuts must already be
in effect by 2030, to keep warming below
1.5°C. Fossil fuel production must decline

by roughly as much as é per cent per year
between 2020 and 2030 (UN, 2022: online).
The contemporary model of society is quite
dependent on carbon emissions; our econ-
omies and industries were built around the
burning of fossil fuels, it's not just as simple as
abandoning carbon, cold turkey.

Though every natfion on earth has a part

to play in global carbon emissions, some
counfries produce much more than others.
The 100 least-emitting countries contribute
3 per cent of total emissions while the ten
counfries with the most significant emissions
confribute 68 per cent. Alas, the political
dilemma associated with carbon emissions
poses far-reaching complications fowards
finding an agreeable solution to scaling
back. Wealthy developed counftries have
profited from the burning of fossil fuels in the
past to kick-start their economic growth.

They have benefited for centuries from

this low-cost, low-effort approach to build-
ing their infrastructure and accumulating
generational wealth. This can be seen as

a double standard for them to expect
carbon-neutral pledges from developing
counftries without offering financial aid to
drive down the immense cost of renewable
energies while consuming almost 6-10 times
the amount of carbon than some sub-Sa-
haran African countries.(Purkayastha, 2021:

online)

Figure 01 : Looming crisis (Author,2022)




SA'S Energy Crisis.............. 1.2

South Africa’s national energy enterprise,
Eskom, proclaimed numerous times this year
that it would implement its rolling blackouts,
plunging the country into pitch darkness

for sometimes more than six or even nine
hours a day, leaving the economy gasping
for breath, with a broader unemployment
and inflation crisis looming large. Eskom,

the state-owned entity at the helm of su-
pervising all stages of electricity generation
and distribution, was established in 1923
during the apartheid era and followed a
grid system designed to accommodate the
counftry’s white minority. The grid largely by-
passed Black areas and as a result, currently
struggles to meet the country’s ever-growing
demands for energy. (Rathi, 2022: online)

A 1998 government report forewarned
about the country’s poor energy planning
and hypothesized that if South Africa did
not commission any new power facilities,
it would cause dire shortages by 2007. The
report was quite auspicious in ifs factual
accuracy. Often when electricity demand
exceeds supply, energy distributors ufilize

load-shedding to mitigate the pressure and ;™
prevent the total collapse of the entire pow- T’

er grid.

Eskom started implementing load-shed-
ding in late 2007. Instead of erecting a new
generation of energy facilities when it should
have, in 2007 and 2008, Eskom commis-
sioned the construction of two large-scale
coal-fired power stations in Medupi and
Kusile, respectively, as these facilities would
have expanded the power grid’s genera-
tion abilities. (Rathi, 2022: online)

Unfortunately, it was already too late at
that stage. The Medupi and Kusile power
plants, hindered by design flaws and de-
layed construction, became entangled in
fime and cost overruns. By that fime, older
power plants were starting fo reach the end
of their shelf life and were decommissioned.

“The old plants kept getting older, and the
new plants were performing like the old
ones.” (Rathi, 2022: online)

Dire as they are, South Africa’s power
problems are not purely domestic. Nearly
86 per cent of the entire continent’s coal-
fired generation capacity can be found in
South Africa. The country exports electricity
to Botswana and Namibia and is part of
the Southern African Power Pool, which
provides electricity to countries in southern
Africa. Despite the support of IPPs (Inde-
pendent Power Producers) and renewable
energy being endorsed fto produce up to
100MW, Eskom is also facing competition for
its client base. (Rathi, 2022: online)

The company faces many adversities and
significant costs in reducing its emissions as it
is responsible for around 40% of South Afri-
ca's greenhouse gases. The South African
economy has slowly atrophied over recent
years, of which Eskom’s continual load
shedding and unreliable power supply have
played no small part.

Adopfting IPPs and renewable forms of
energy is a surefire way fo amplify elec-
fricity generatfion in the near foreseeable
future. Over 90% of South Africa’s present
model of electricity generation capabilities
have been produced by fossil fuels, which

is expected to confinue in the foreseeable
future, with more renewable energy sources

only being infroduced by 2030.

South Africa is blessed with abundant sun-
shine and strong winds, especially in the
Northern Cape and Karoo. Therefore, South
Africa is undoubtedly disposed towards
renewable energy resources, which must
be urgently utilized. Renewable energy
sources could pave the way for new power
purchase agreements (PPAs), whilst clean
energy generation will allow South Africa to
reduce its energy shorfcomings and bolster
the economy. (Majola, 2022: online)

Eskom'’s performance remains inexcusable.
The country is routinely undermined by
crippling rolling blackouts, yet South Africans
are expected to pay more than ever for
electricity. Immediately after Eskom made
its case for a tariff increase of 20.5% in Janu-
ary 2022 to the National Energy Regulator of
South Africa, it tried to warrant the request
on the grounds that the toll of procuring
energy from Independent Power Producers
(IPP's) and the carbon tax were driving the
tariff increase. These two facets encom-
passed 13.8% of the proposed increase.

The government cannot attain an effective
resolufion on its own, meaning a partnership
of private and the public sector is required
to absolve SA of its energy crisis. Moreover,
if the government relinquished the renew-
able energy market to private and commu-
nity-based energy procurers to parficipate
without government interference, this would
help alleviate the power crisis and be a cat-
alyst for job creation.

However, the country requires a just tran-
sition , and currently, the model proposed
that the government envisioned does not
mafch up to what was outlined by the Inter-
national Labour Organization as a just fransi-
fion from fossil fuels to renewable energy.

The ILO encourages a ‘human-centered
approach, one where the livelihoods of
workers and communities in the fossil fuel
industry are not negatively affected. Where
every job lost in the fossil fuel industry is
replaced, or workers are up-skilled. The best
way to achieve that is if these companies
are owned and controlled by workers and
communities. Alternatively would be the
promotion of facilities that accommodate
a just fransition, where change is imple-
mented at a rate a developing country can
afford and in a manner that does not cause
any more suffering to the working class.




WCIS'I'e m(]n(]gemen'l' ..... 2] In terms of section 9(1) of the National Envi-

ronmental Management: Waste Act 59 of

2008, a municipality must utilize its executive
powers to provide waste management ser-
vices, including refuse removal and storage

According to the 2012 departmental re-
port on the environmental condition, South

Alfrica generates opproximo’rely 42 miliion as well as the leveling of waste, in such a
M square ”.‘.efefs of ordinary fypical waste way that it does not con’rrodic’r, the nation-
M eS O A n O | S IS and 5 million square meters of hazardous al or provincial standards. (Afriforum, 2021:
waste every year. If the local government online)
continues to defy the national regulations of
T landfill SH’GS, serious ramifications such as the

02 pollution of water sources, soil, and breath- General Waste .............. 2.3

able air, could become a crippling problem.
This is a serious concern as it directly affects

the health and safety of every South African This is also known as household waste and

Citizen. (Afriforum, 2021: online) is sourced primorily from urban areas, such
as homes, businesses and construction

The administration of household refuse in sites. This encompasses building rubble,
Waste management South Africa faces multiple hurdles, includ- garden waste and refuse from people’s
: . ing law enforcement, administration and homes, fowns and cities. The municipality is
A problem .. Or The solution ¢ institutional coordination. The South African accountable for the collection, transpor-
P , , , N , , waste management approach is derived tation and administration of refuse in pop-
i This chapter examines an unlikely solution fo the energy crisis that has been in use in from numerous laws to reduce and mitigate ulated areas. General waste is dumped
developed countries for centuries and is abundant in developing counftries. Waste environmental harm. The most relevant of at general landfill sites, identified in official

i management is a serious issue at a national level, if approached correctly ,could be these laws are:

: . . g g documents by the symbol G.
i the solution fo all the energy problems we face as a nation, in the form of Pyrolysis.

“The hazardous Substances Act 15 of 1973”
“The Environment Conservation Act 73 of Hazardous waste........... 24
1989"
“The National Environmental Management s,
Act 107 of 1998”

“The National Environmental Management;
Waste Act 59 of 2008”

This kind of waste can cause significantly
more harm fo the environment as well as
people’s health. It originates in factories,
mines and hospitals and includes fox-

ic substances, biohazardous waste and
LCI ndﬁ” SiTeS 2 2 explosive or easily combustible materials.
"""""""""""" ’ Hazardous refuse is ranked from 1, which
is extremely hazardous, to 10, slightly less

A landfill site is where common waste is hazardous. This type of refuse may only be

dumped, leveled, immersed in sand and left dumped at specialized sites that are fur-
to decompose. These sites should be situat- nished to process this kind of waste. These
ed where waste can be processed without sites are classified by the symbol H in offi-
posing arisk to people’s health or the adja- cial documents. (Afriforum, 2021: online)

cent environment.




The Problem......ccoueun........ 2.5

Refuse from urban communities not only
cause an aesthetic complication, but can
also have severe health implications, if it is
not adequately managed. These threats are
exponentially amplified if the refuse consists
out of hazardous substances. Municipalities
can and should be made to answer for acts
of carelessness that affect people’s well be-
ing or give rise fo environmental harm. Locall
municipalities can also be civilly prosecuted
for associated financial implications, specif-
ically the closing or rehabilitating of landfill
sites and rehabilitating polluted soil or land
that has been zoned for urban develop-
ment. These sites can become detrimental
to the health of nearby communities and
harm the environment should :

e The landfill sites be positioned in close
proximity to residential areas

e The landfill sites are incompetently de-
signed and developed where leached or
foxic water penefrates into the groundwater
reservoirs and rivers

e The landfill sites are ineffectively admin-
istered; for instance, if access to the site is
barely conftrolled, fires occur regularly, or
refuse is not concealed with soil and com-
pacted at regular intervals

¢ The waste is not fransported to ade-
quately administered landfill terrains, but
illegally deposited onfto open ground.

Health Implications......... 2.6

People who reside or work in proximity to
landfill terrains are susceptible to several
complications and perils. Landfill sites can
be extremely noisy, unsafe, and odorous.

Spontaneous combustion and fires on these
terrains are commonplace and can befoul
the atmosphere, not fo mention that the
gas buildup on landfill sites could very easily
cause massive detonations. Pollution on the
site can infilirate the nearby natural water
sources and soil, and people can fall grave-
ly ill if they unknowingly inhale the polluted
air, consume tainted water or consume
food grown in toxic soil. (Afriforum, 2021:
online)

Serious health implications have been doc-
umented in people living in close proximity
to landfill sites, such as the development

of cancer or asthma and other lung and
chest ailments. Congenital disabilities could
occur, and children raised in proximity fo
landfill sites can exhibit stfunted growth and
be sickly. In addifion, landfill sites lure ro-
denfs and insects that may carry plague
and diseases, such as rats and flies, which
can fransfer these pathogens to people

who come into direct contact with the site.

The solutioN.....ceeeeeenenn.... 2.7

At the start of January 2020, South Africa
enlisted in the Plastics Pact, establishing
South Africa as the first African country to
enlist in the organization. The Plastics Pact
Network is a conglomerate of national and
local initiatives aiming foward “a circular
economy for plastics” to drastically de-
crease waste worldwide.

Johann Conradie, the chairperson of the
South African Plastics Recyclers Organisa-
tion (Sapro), noted that it is imperative to
distinguish South Africa from the other

nations advocating for more efficient plastic
management. He argues that South Africa is
more inclined towards financial motivations
than European nations, which are often
more environmentally concerned, and the
key to an optimal solution lies in understand-
ing this facet.

In areport compiled by Sapro, it was noted
that “plastic recycling created 7,892 formal
jobs in recycling centres in 2018.” Moreover,
over 58,470 people benefited in other ways,
“including informal waste pickers and small
or family-owned businesses.” Informal waste
pickers are people that scavenge for recy-
clables abandoned in landfills and sell their
finds to recycling facilities. The pickers are
often compensated for their yields, which
can mean an income for some who would
otherwise be unemployed fo sustain a live-
lihood. In European counftries designated
services gather household recyclables and
fransports these items to recycling centers.
However, waste-pickers are a necessity, be-
cause landfills account for at least 70% of re-
cyclables in South Africa. Unlike other coun-
tries, South Africa needs this waste-picking
niche fo mitigate harm to the environment
and reduce plastic pollution.

Speaking to ESI Africa, Kate Stubbs, Director

of Business Development and Marketing at
Interwaste, asserted that 1.144 million meft-
ric fonnes of recyclable plastic entered the
South African waste stream in 2017. “While
this figure shows a significant growth in the
increased awareness from South Africans
around plastic recycling — which has for
long, been a contentious topic — there is still
more to be done in managing perceptions
around waste recycling in general.” (Theron,
2018: online)

Stubbs said, “This is critical if we are to make
strides in achieving a zero-waste-fo-landfill
status, and all stakeholders can play a role
in finding and supporting solutions — as the
responsibility does nof lie with government
alone.” (Theron, 2018: online)

According to Stubbs, waste-to—energy
facilities are an excellent solution o this
conundrum as these plants facilitate a
nuanced means of disposal for plastic and
other forms of refuse.

“Locally, waste-to-energy plants are also on
the uptake, and while this is the case, we
need to consider that there are different
waste-to-energy plants that re-purpose oth-
er sources of waste not necessarily relating
fo plastics, and therefore, it is not a one-size-
fits-all approach.” (Theron, 2018: online)

She elaborated that the company Inter-
waste recently launched a Refuse Derived
Fuel (RDR) plant infending to mitigate
waste-to-landfill and actively support the
government’s attempts to mitigate the
counftry’s carbon emissions.

“The plant pioneers some forms of general,
industrial and municipal waste into alferna-
tive fuels — while ensuring less reliance on
fossil fuels that are carbon intensive, such
as coal. Taking on average 100 tonnes of
particular general, industrial and municipal
wasfe per month, the RDF plant converts
this waste into an alternative fuel — used in
the cement industry and developed ac-
cording to European standards.” (Theron,
2018: online)

If these alternative technologies and pro-
cesses operate as envisioned in South
Africa, other African states could realize
the potential advantages and incorporate
them as well. South Africa could serve as a
pioneer to usher a new era of waste man-
agement in developing countries.




PlCISﬂCS 3 '| crystalline structure. The unique afttributes of
""""""""""""""" : certain kinds of plastics, rely on the chemi-
cal composition of the subunits, the forma-
tion of these subunits and the fabrication
technique. All plastfics are polymers, but

The word “plastic” can be etymologically
traced to the Greek word plastikos, which

signifies that i’r‘con be sculpted or moIc;Ied. not all polymers can be classified as plastic.
3 S —r M The ferm plastic alludes to any synthetic or Plastic polymers consist of a series of chains
S C rU -|-I n IZI n e r< e -|-I O n S semlsyn’rhehc organic p(;"yme;{fgr instance, through linked subunits called monomers. If
while varlous compounds mig = pRes twin monomers are combined, it creates a
" ent, plastics always contain carbon and homopolymer. Opposite monomers com-

r ......................................................................................................................................................................................................... hzdr?geg_ fAl’rhough plosfigs coln be m(:m—Jr bine to create copolymers. Homopolymers
vtacturea rlorT|1 ofr‘wy‘orgonlcf pofym(e;r,f mos and copolymers may be either linear chains
: commercial plastic is manufactured from or branched chdins.
pefrochemicals.

Types of Plastfics ............. 1.1

Thermoplastics and thermosetting polymers
are two distinct classes of plastic. The term
“plastic” alludes to the unique quality of its
plasticity, the potential to stertch without
breaking easily; plastics are incredibly mal-
leable polymers which can flex and bend to
an impressive degree. Plastics have found

Plastics are complex compounds; each one
is different from the next. Some are reus-
able, while others produce toxic substances
after several uses. Some are effortlessly re-
cyclable, and others need more advanced
and expensive processes fo recycle suc-

Plastic

Friend or Foe ¢

This chapter takes a closer look at the chemical feedstock of pyrolysis and the primary a wide variety of applications in all sorts cessfully. In 1988, the Global conglomerate
i material of concern on a landfill. It explores the chemical composition and applica- of indqs’rries. They are mos’r usep! in'piping, of the Pbsﬁcs |n<'jusfry intfroduced the Resin
i tions of plastic to better understand how this environmental villain could in fact be the plumbing and vinyl Sldlng Oppllcq’rlons. They Identification Code (RIC) system, which
solutfion to the energy, waste and fuel crisis in South Africa. have also been used in automobiles, furni- classified plastic resins into several distinct

ture and toy industries, as well as the field of
medical equipment, which have pioneered
various lifesaving applications for plastics.
(Helmenstine, 2020: online)

groups. The intent of this system was to:
“provide a consistent national system to fa-
cilitate recycling of post-consumer plastics.”
Since then, after experiencing some slight
variations, the RIC has been established as
the worldwide standard plastic classifica-
fion. If you assess your nearest plastic prod-
uct, perhaps a water bottle, you'll notice a
number at its back or bottom, allocating it
to one of the seven categories. The numer-
al designates the class of plastfic used to
manufacture the product you are observ-

the name thermo-sets, solidify infro arigid ing right now, and each has a unique name
and COT)STOQT fcf)rrg. Thgrmoplolsd’rlc(sj, ho;/vev— and set of characteristics. (Helmenstine,
er, can be heated and remoulded as fre- 2020: online)

quently as desired. Some thermoplastics are
molecularly vague and unsfructured, while
others have a

The polymer used to manufacture plas-
fic is often mixed with additives, including
colorants, plasticizers, stabilizers, fillers, and
reinforcements. These additives change
plastic’s chemical composition, chemical
properties, mechanical properties and
cost. Thermosetting polymers, also go by




1. Polyethylene Terephthalate Plastic Type
(PET or PETE or Polyester)

Polyethylene Terephthalate or PET, otherwise
known as a wrinkle-free fiber, has different
quadlities from the plastic bag we typically
see at the supermarket. This type of plastic
polymer has a broad-based application

in the food and drink packaging industry
due tfo its advantageous ability to prevent
oxygen from entering the container and
spoiling the product inside. It is also quite
effective at keeping the carbon dioxide in
carbonated drinks from escaping.(Bahraini,
2018: online)

PET is one of the most likely types of plastic
to end up in recycling facilities, although

it should be noted that this type of plastic
contains antimony trioxide. This substance
is classified as a carcinogen capable of
causing prolonged damage to cells in the
form of cancer. The longer a liquid spends in
a PET container, the greater the risk for the
release of the antimony. High temperatures
inside cars, garages and enclosed spac-
es could also increase the release of toxic
compounds.(Bahraini, 2018: online)

2 . High-Density Polyethylene Plastic
Type (HDPE)

This class is unique compared to the other
types of plastic, High-Density Polyethylene
or HDPE has elongated virtually unbranched
polymer chains, making them really dense.
This, in turn, makes them significantly more
robust and thicker than PET. HDPE is a plas-
fic-type commonly used in grocery bags,
opaqgue milk, juice containers, shampoo
bofttles, and medicine botftles. This plastic is
recyclable and comparatively more stable
than PET. (Bahraini, 2018: online)

3 = Polyvinyl Chloride Plastic Type (PVC)

PVC is commonly used in toys, blister wrap,
cling wrap, detergent bottles, loose-leaf
binders, blood bags, and medical tubing.
This plastic used to be the second most
widely manufactured plastic resin in the
world (after polyethylene), before it was dis-
covered that the manufacture and disposal
process of PVC has been linked to severe
health risks and environmental pollution
risks.(Bahraini, 2018: online)

In terms of toxicity, PVC is undoubtedly

the most hazardous plastic. PVC could
leach a variety of toxic substances such

as bisphenol A (BPA), phthalates, lead,
dioxins, mercury, and cadmium. Several of
the compounds listed may cause cancer;
they could also cause allergic symptoms
in young children and disrupt the body’s
endocrine system. In addition , PVS is rarely
accepted by recycling programs.

4 - Low-Density Polyethylene Plastic Type
(LDPE)

Polyethylenes are the most widely used
type of plastic in the world. This plastic has
the most basic polymer chemical structure,
making it relatively easy and cheap to
manufacture. LDPE polymers have excel-
lent chain branching, including long side
chains making them less hardened and less
crystalline (structurally ordered) and thus a
typically thinner, more flexible form of poly-
ethylene is commonly used for bags (gro-
cery, dry cleaning, bread, frozen food bags,
newspapers, garbage), plastic wraps; and
coatings for milk as well as hot & cold bev-
erage cups; some squeezable bottles , food

storage containers, container lids.

They are widely applied in wire and ca-

ble covering. However, some studies have
shown that LDPE could also cause unhealthy
hormonal effects in the body. LDPE is consid-
ered a safer plastic choice for storing food
and drink. Although this type of plastic is
challenging and expensive to recycle. (Bah-
raini, 2018: online)

5 - Polypropylene Plastic Type (PP)

Rigid and more resistant to high tempera-
tures, PP is commonly used for hot food
containers. Ifs robust strength quality is some-
where between LDPE and HDPE. Besides
thermal vests and car parts, PP is also includ-
ed in disposable diapers and sanitary pad
liners. Like LDPE, PP is a safer plastic option
for food and drink use. It's a good material
for baby milk bottles, as long as its made of
food-grade plastic and identified as “BPA-
free”. Although it bears all those exceptional
qualities, PP isn’t enfirely recyclable and
could also cause asthma and hormone dis-
ruption in the human body.(Bahraini, 2018:
online)

6 - Polystyrene Plastic Type (PS)

Polystyrene (PS) is more commonly known asr

Styrofoam, a packaging medium typically
used for food containers, egg cartons, dis-
posable cups, bowls, packaging, and bike
helmet. When exposed to searing hot and
oily foods, PS could leach styrene, which is
highly foxic fo the brain and nervous system.
It can also cause damage to RNA, lungs, liv-
er and the immune system. PS has a meager
yield regarding ifs recycling rate and can be
considered a single-use plasfic.

7 — Other

Category 7 is for all plastics other than those
identified throughout numbers 1-6 and also
plastics that may be layered or combined
with other plastics, such as the exciting field
of bioplastics. Polycarbonate (PC) is the
most popular type of plastic in this catego-
ry but hasn’t been used as much in recent
years because it is associated with bisphe-
nol A (BPA). PC is known by various names:
Lexan, Makrolon, and Makroclear.

Quite shockingly, PC is commonly used for
baby boftles, sippy cups, water bofttles,
water gallons, metal food can liners, ketch-
up containers and dental sealants. Due to
its high toxicity, numerous countries have
banned using PC for baby bottles and in-
fant formula packaging. The BPA contfained
inside PC has been linked to many health
defects, including chromosome damage in
female ovaries, sperm production atrophy
in males, early onset of puberty and various
physiological and behavioral alterations.

It has also been linked to impaired immune
function, sex reversal in frogs, altered brain
and neurological functions, cardiovascular
system damage, adult-onset (Type Il) dia-
betes, obesity, resistance to chemotherapy,
increased risk of breast cancer, prostate
cancer, infertility and metabolic disorders.
(Bahraini, 2018: online)
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Plastic Recycling............. 4.1

One promising avenue to diminish the pro-
duction of virgin plastic is recycling the
plastic that has already been manufactured
and using if to produce new items. Plastic
recycling has become more prevalent in
recent years and is contfinually evolving.
Providentially, many plastics can be re-pur-
posed to give this wonder material a second
life. (Slavikova, 2018: online)

Plastic waste recycling limifs fossil fuel con-
sumption and saves energy, landfill space,
carbon dioxide emissions and other green-
house gases. Plastfic recycling can be divid-
ed into a couple of consecutive steps. Gen-
erally, these processes remain constant for
most recycling plants, but specific actions
can be combined or omitted depending on
the desired outcome.

Step 1: Collection

First, plastic waste has to be gathered by

a recycling facility. This can be done when
recycling collection drivers pick up the
plastic recycling bin in front of our homes, if
one has a subscription or when people bring
their recyclable refuse to a nearby recy-

cling collection point. This step relies entirely

upon businesses, restaurants and the gen-
eral public to dispose of their plastic waste
responsibly. If plastic waste is thrown away
in standard trash bins, it will most likely not
be recycled, so it is essential fo segregate
ordinary and plastic refuse. Furthermore, it
would be advantageous for governmental
municipalities to employ a recycling collec-
fion initiative that goes to people’s homes or
businesses to collect plastic waste. (Slaviko-
va, 2018: online)

Making the process simple and practical
for people to responsibly dispose of plastic
refuse is essential in ensuring widespread
recycling success.

Step 2: Sorting

After plastics are accumulated and deliv-
ered to arecycling plant, should the recy-
cling facility rely on a single-stream recy-
cling system, by which all refuse is mixed
together, these materials must first undergo
a sorting process to distinguish different ma-
terials, such as glass and paper or metals.

In wealthy developed countries, machines
automatically do most of this sorting pro-
cess. Still, at least one manual sort is usually
included to eject as much contfamination
of the materials as possible.

Sophisticated Machinery separates plas-
fics into different compartments based on
many physical characteristics and proper-
ties that are often influenced by the budget
of the recycling facility, or what final out-
come will be produced.

Plastics are typically sorted in a few stan-
dard ways, such as the type of plastic, what
compounds the material is made of, the
color of the plastic and its weight or buoy-
ancy. This is crucial because different types
of plastics have to be processed in different
ways and some recycling facilities are only
equip to recycle one kind of plastic. If an
inappropriate type of plastic is processed
at the wrong facility, it can sabotage the
whole process and require that the enfire
batch be sent back again for resorting.
Since many types of plastics are in use
today, all of the plastic materials in a recy-
cling facility must be segregated by type.

(Slavikova, 2018: online)

Regrettably, certain kinds of plastics are not
as efficiently recycled as others and various
recycling plants do not have the necessary
amenifies fo accommodate every kind of
plastic, so these items may be sold to an-
other facility that can recycle them, or they
may end up in a landfill as most plastics do.
Thus it is crucial to esquire beforehand about
your plastic recycling company and what
they do with items that cannot processed.
(Slavikova, 2018: online)

Step 3: Washing

Just like with any other raw material, plastics
must be cleansed before they can be fur-
ther processed. The objective is to eliminate
contamination and everything that is not
made from petrochemicals. Most containers
and packages have labels, adhesives, or
even food leftovers that have to be seper-
ated. This non-plastic waste might influence
the chemical composition and could influ-
ence the final product’s structural integrity.
(Slavikova, 2018: online)

Step 4: Resizing

Resizing includes, but is not limited fo shred- |,

ding or granulating the plastic waste into
smaller particles. This optimizes the surface
area of the plastic, making it more efficient
to handle, remoulds, and relocate if re-
quired. Furthermore, it offers recycling facil-
ifies a final chance to eject any non-plastic
waste that has made it through the first
three processing operations. This is offen
executed with metal detectors or magnetic
rollers that help remove any residue metal in
the batch. (Slavikova, 2018: online)

Step 5: Separation

The identification and separation of plastics
are when the processed small plastic parti-
cles are run through mechanical testing fo
ascertain their purity and classification.

The first quality tested is buoyancy. This is
done by floating the plastic in a large tank
of water. Particles less dense than water will
float, and more dense particles will sink.
Next, their mass classification is established.
Air classification is the official test for how
thick or thin a particle is. This is done by
dropping the particles into a small wind
tunnel. The smaller pieces will fly higher up
the funnel and the bigger ones will remain
lower. Two other characteristics that plastics
are typically evaluated on are their melt-
ing point and color. These are determined
by collecting and analyzing samples from
each batch of plastic particles.

(Slavikova, 2018: online)

Step 6: Compounding

The final step in the recycling process is
when the plastic granules are transformed
info recycled raw materials used for future
production. Compounding is when the
small parficles are grounded and melted
into plastic pellets. The pellets can then be
used to produce other plastic products.
These recycled plastic pellets can then be
sold to factories and used to manufacture
all kinds of different products. Some prod-
ucts made from recycled plastic particles
include synthetic fleece, engineered wood
products, carpeting, floor mats, tiles, furni-
ture, motor oil, detergent boftles, pipes and
pails. Throughout this entire process, the
plastic may be fransferred to different facili-
ties that specialize in additional steps of the

process. (Slavikova, 2018: online)




ot

Pyrolysis Process

An Alternative Solution

This chapter infroduces the concept of Pyrolysis and delves deeper into all the com-
plex steps involved in turing plastic waste into crude oil. This material can be further

i processed to produce all manor of useful combustible compounds , amongst the most
precious , diesel and petrol.

PYrolysiS.....oeeviveeeiiieeennnn. 5.1

The disposal of plastic waste is a big prob-
lem; landfilling or burning plastics are the
most popular methods, but this route is very
defrimental fo the environment; recycling
waste material is the only way to make a
difference, but it is offen too costly. More of-
ten than not, the plastic refuse that ends up
in landfills are contaminated, debased and
mixed to such a degree that it becomes too
cumbersome or expensive fo recycle. How-
ever, pyrolysis is an efficient way one can
economically recycle plastic material. The
Definition and meaning of ‘pyrolysis’ can be
understood by breaking the word into its two
roofts: Pyro, meaning heat and Lysis to break
down. (Baranski, 2021 : Online)

Pyrolysis involves the thermal deconsfruc-
fion of materials at high temperatfures in

a contained and regulated atmosphere.
What this means is that the Pyrolysis reaction
comprises out of the molecular degradation
of larger plastic molecules into smaller mol-
ecules of oil gas and carbon by applying
heat. Plastic is manufactured from gas and
oil, the molecules of which are put end to

end fo form long-chain polymers. By heating;™:
plastic to over 450 ° C, deprived of oxygen, T

pyrolysis breaks these molecular chains fo
fransform plastic waste back into a liquid
and gaseous hydrocarbon. Pyrolysis is also
known as thermal cracking, thermolysis, and
depolymerisation. This method has many
industrial applications. Plastic pyrolysis is

one of the most profitable methods or tech-
niques to convert waste info energy from
solid, liquid, or gaseous fuels. Subsequently,
it is an energy recovery method and a more
nuanced type of waste-to-energy conver-
sion. (Baranski, 2021 : Online)

Pyrolysis is not a new process, it has been
around for decades, but its implementation
remains scarce due o the low expense of
extracting virgin oil from fossil fuels and the
infricacy of this large-scale technology.
Small-scale and modular pyrolysis systems
are an excellent way of handling local
plastic waste and accessing energy. Pyrol-
ysis can refine dirty and mixed plastics that
would be very cumbersome to recycle. It
makes it feasible to give a second life to
waste in contexts such as landfills in devel-
oping countries where energy is limited and
recycling economically inviable.

Pyrolysis is especially potent when it comes
to processing mixed, degraded and soiled
plastics to distill quality fuel and operate
without risk; the ideal plastics for the re-
action are Polypropylene (PP), Low-Den-
sity Polyethylene (LDPE) and High-Density
Polyethylene (HDPE). In small proportions,
pyrolysis accepts PET, PS and PC. Specific
types of plastic, such as polyethene and
polypropylene plastics, can be processed
to extract fuels more quickly because they
are made from petrochemicals and other
hydrocarbon compounds. Specific types of
fuels can be extracted through the pyrolysis
of plastics, namely:

e Hydrogen: The recycled hydrogen can be
utilized for aircraft propulsion and fuel cell
vehicles.

 Diesel: The thermal breakdown of plastic
waste can also produce liquid oil. The high
temperature and high pressure break down
the plastics and convert them into oils.

The extracted liquid oil can be processed
further through an oil refinery distillation.
Distillation converts the liquid oil info diesel.

(Baranski, 2021 : Online)
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Highly Fragile

Despite the efficiency of most
advanced recycling facilities,
there can still be some unantic-
ipated complications involved
with the sorting process of re-
cycling plastic waste. Com-
pounds such as dyes, heavy
metals, pharmaceuticals, and
occasionally pieces of biode-
gradable plastic could pose a
serious risk of contaminating
an entire batch of petrole-
um-based plastics, which must
all be thrown away.

High Maintenance

The first step in the recycling pro-
i cess is perhaps the most crucial.
i If the user doesn't correctly dis-
i card the plastic, it will never be
recycled. When one recycles plas-

tic materials, washing or shaking
them out is essential to reduce
the amount of organic residue
sent to the recycling centre.
Moreover, it is custom to remove
the screw caps from any bottles
you recycle. The caps are manu-
factured from a different kind of
plastic than the bottle. If the user
does not remove them, they must
be removed by employees at the
recycling centre before they can
be processed.

03

Low impact

Since the mass production of

i plastics began in the 1950s, the
i world has produced over 8.3 bil-
i lion metric tons of plastic. Out of i
all of this plastic, we have only

recycled around 9 % of it. Out of
the remaining 91 %, around 12 %
has been incinerated and 79 % is
currently in landfills. This plastic
will remain in landfills for the
next few hundreds of years
before it degrades, if it even will;
during that time, even more plas-
tic will accumulate.

: Environmental impact

Plastic recycling can harm the en-
i vironment; when the material is
i melted down, VOCs are released

into the atmosphere and are det-

! rimental to surrounding plant

and animal life.VOCs (volatile or-
ganic compounds) released
during the plastic recycling pro-
cess present health risks to the
people who use recycled plastic.
Plastic recycling can create more
environmental problems; if not
done right, recycling companies
might abandon dump sites and
leave the harmful chemicals con-
taminating the ground water and
the environment.

28
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Waste Management

The recycling of plastic,
through the process of pyroly-
sis, can be made into a valua-
ble source of energy such as
chemical feedstock. This
makes the time consuming
process of recycling waste sig-
nificantly more profitable for
waste management companies.
Pyrolysis entirely encompasses
the amount and types of plas-
tics that can be recycled. Cur-
rently most plastic waste is
shipped abroad and or land
filled which, through a defec-
tive system of subsidies, is eco-
nomically more viable than
sorting waste and recycling it.

02

: Environmental impact

Pyrolysis has the potential to sig-
i nificantly reduce land-filling .In

i doing so, it will prevent toxic

{ waste from contaminating the
soil and polluting the environ-

ment. Pyrolysis can reduce the
emissions of greenhouse gasses
through mitigating land-filling
and the need to extract new
fossil fuels from the earth. The
process of drilling oil out from
the ground is a big contributor to
global warming in itself, roughly
1.7 gigatons of carbon dioxide.
As long as we are burning fuel
and creating emissions we might
as well put our plastic waste to
good use.

03

Economic Activity

The operation of pyrolysis facili-
i ties, as well as the activities built
i around energy recovery from
i waste plastics through pyrolysis,
can have huge economic and

social implications. These facili-

ties can generate jobs, become a
source of livelihoods in commu-

hities, and become a primary in-
dustry for entire regions.

Apart from the architectural im-
plications of constructing and op-
erating pyrolysis plants, commu-
nity members can participate in
enterprises involved in collecting
and sorting solid waste materials.
A fact-sheet published by the
American Chemistry Council
mentioned that the United States
could employ 39,000 individuals
and produce nearly USD 9 billion
in economic output.

Source of Energy

The thermal reaction of waste

i plastics ultimately produces fuel
i by-products. Pyrolysis, particular-
i ly when applied in plastics, is an
energy recovery method. The

technology can supplement the
energy generation while reducing
the need to extract, transport,
and burn fossil fuels to maintain
energy security for the greater
whole.

Energy recovery via plastic pyrol-
ysis has also many advantages
over fossil fuels. The Pyrolysis
technique can reduce greenhouse
gas emissions by up to 14 per-
cent, water usage by 58 percent,
and fossil fuel-derived energy
usage by 96 percent.
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Cultivating Sustainability

. Biofuel
With an eye on the future

This chapter investigates a possible, future interpretation to the pyrolysis facility when
the current iteration has achieved its purpose with plastic and the fransmutation pro-
i cess can take place again. This approach embodies the circular economy principles
as the transition to sustainability is concluded , from a wasteland to green space.

BIOFUEIS...ceeeeeeeeeeeeeaanen, 6.1

Apart from alfernative sustainable energy
sources, biomass can be transformed direct-
ly info liquid fuels, known as “biofuels,” to
mitigate fransportation fuel demands. The
two most popular biofuels currently in use
are ethanol and biodiesel, affirming the first
generation of biofuel technology.

The biomass is fransformed through hydro-
freafing and hydrocracking fo refashion
biomass into usable fransportation fuels.
Through hydrotreating, hydrogen reacts with
the biomass to remove sulfur and oxygen
from the compound. With hydrocracking,
the hydrofreated biomass reacts with hy-
drogen to create smaller chains of hydro-
carbons to reach the desired specifications
of gasoline and diesel fuels. (Imran, Bramer,
Seshan and Brem, 2018: online)

Petroleum-derived fuels, such as gasoline,
diesel, and jet fuel, encompass a composite
assortment of hydrocarbons that are burned
to produce energy. Hydrocarbons can also
be derived from biomass sources through
various biological and thermochemical

processes. Biomass-based renewable hydro-;*
carbon fuels are just about indistinguishable T’

from the petroleum-based ones they are
intended to substitute—these mixtures are
compatible with modern diesel engines,
pumps, and other industrial infrastructure.

Ethanol (CH3CH2OH) is a sustainable source
of fuel that can be produced from a diverse
range of plant matter, conjointly called
“biomass.” Ethanol is an alcohol used as a
blending medium with gasoline to optimize
octane content and reduce carbon monox-
ide and other smog-causing emissions.

The process of manufacturing complex-
biofuels routinely entails a multistep pro-
cess. First, the rugged, rigid structure of
the plant cell wal—which includes the
biological molecules cellulose, hemicellu-
lose, and lignin bound together—must be
broken down. This can be achieved in two
ways: high-temperature deconstruction or
low-temperature deconsfruction.

High-Temperature Deconstruction
High-temperature deconsfruction uses ex-
freme heat and pressure to break rigid bio-
masss particles into liquid or gaseous states
such as the case with Pyrolysis.

In the course of pyrolysis, biomass is
warmed up swiftly af extreme temperatures
(500°C-700°C) in an oxygen-starved vacu-
um. The heat deconfructs the biomass into
pyrolysis vapor, gas, and char. Once the
char has been separated from the gas, the
vapours are cooled and condensed into a
liquid “bio-crude” oil.

Low-Temperature Deconstruction

This method commonly utilizes biological
catalysts called enzymes or chemicals to
break down feedstock into intermediates.
The process used to convert biomass info
ethanol is known as fermentation. In the
course of fermentation, microorganisms
consume plant glucose to make ethanol.
Similar to petroleum-based diesel, biodiesel
is used to fuel compression-ignition engines.
Biodiesel can be amalgamated with pe-
froleum-based diesel in any percentage,
including B100 (pure biodiesel) and the
most conventional blend, B20 (a blend con-
taining 20% biodiesel and 80% petroleum
diesel). (Imran, Bramer, Seshan and Brem,

2018; online)
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. Incineration Line in Roskilde
Waste to energy facility in Denmark

This chapter examines a similar typology to what | am proposing , a facility that makes
use of pyrolysis to turn waste info chemical feedstock for a power plant. This precedent
i is quite applicable in the way it responds to the natural landscape while preserving its
industrial character and functionality.
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Figure 03 : City of Roskilde (ArchDaily, 2014: online)




Program.......ccceeevveeevinnnnnee. /.1

The new energy fower designed by archi-
tect Erick van Egeraat in the city of Roskilde
in Denmark, a waste-to-energy Incinera-
fion Line inaugurated by his royal Highness
Crowned Prince Frederik on September 2,
2014. The facility will incinerate domestic
refuge from nine neighbouring municipalities
and import waste fromm many other coun-
fries to produce electricity and heat for the
whole region of Roskilde.

An international design competition was
organised fo design the enormous new
incinerator line, situated in a relatively level
landscape, next to the small city of Roskilde,
with an industrial yet appropriate appear-
ance to compliment the natural beauty

of the Danish landscape. In 2008 the com-
miftee unanimously selected the design
proposed by Erick van Egeraat. The facility
will utilise state-of-the-art technology and
the most efficient systems to sort 260,000 to
350,000 tons of waste annually. In turn, this
will generate enough electricity for 60,000
households each year. When commenting
on his design approach, Erick van Egeraat

said, “It is a contemporary cathedral; close ;™
fo the ground, we shaped the building to re-T’

flect the angular factory roofs of the imme-
diate surroundings. We then let the building
culminate in a 100-meter tall spire, an ar-
ticulation of a fascinating and sustainable
process in creating energy.”

The brief for the new incinerator in Roskilde
is explicitly created to contribute architec-
turally to an otherwise exclusively industrial
complex. Complementing the skyline of this
small Danish city, once the Danish Capital,
the silhouette of the incinerator also delivers
a powerful historical commentary.

The lower part of the building’s angular
rooves is sloped fo accommodate the
form of surrounding factories. Still, the im-
pressive 97-meter spire and its materialisa-
fion is a contemporary interpretation of the
city’s most beloved historical monument,
Roskilde Cathedral. (ArchDaily, 2014: on-
line)

Structure...eeeeeeeeieann.. /.2

The facade consists of two separate skins:
the inner layer is the barrier which provides
the most climatic insulation and protec-
fion, liberating the secondary skin to be
utilised as an aesthetical element. Raw
umber-coloured aluminium plates with an
iregular pattern of laser-cut circular holes
slowly dematerialise the structure as the
Cathedral of industry ascends towards the
heavens. The aluminium plates are chem-
ically altered to give them the desired
colour and patina during the daytime.

The automated lighting elements installed
between the two facades give the build-
ing a different ambience af night. (Arch-
Daily, 2014: online) The design is based on
basic construction details combined with
cutting-edge manufacturing technology
for producing the aluminium facade pan-
els and clever processing and repetition.
Due to its enormous size, the incinerator is
destined to become a unique structural
landmark in the vast and open landscape
of the Roskilde area. It represents a hy-
permodern and sustainable energy plant
where the waste will be turned into power.

DRl e |



Materiality......cccoeeeveennnenne. /.3

Erick van Egeraat commented on his design:
“Af night, the back-lit perforated facade
fransforms the incinerator info a genftly glow-
ing beacon — a symbol of the plant’s energy
production. Several times an hour, a spark of
light will gradually grow into a burning flame
that lights up the entire building. When the
metaphorical fire ceases, the building falls
back into a state of burning embers.’ Al-
though almost 1000 years apart, the Cathe-
dral’s twin fowers made of warmly colored
stone and brick and the new iconic glowing
incinerator have become the novel guard-
ians of the city’s otherwise modest presence
in the Skagerrag landscape. Of course, | am
proud of that.” (ArchDaily, 2014: online)

For the illumination of the facade, only

the light and noft the light sources them-
selves needed to be visible. This has been
achieved by reflecting the light on the inner
facade, which allowed the ambient light to
flow through the perforated skin like a lan-
tern. All light fixtures can be programmed
independently and in different colours. The
play with light is not a superficial tactic but

a symbolic cultural reference to the aurora ™

boreadlis; nevertheless, the light show is not
infended to brighten the sky or dominate
the surroundings; instead, it serves to under-
line the buildings’ industrial character and,
above dall, fo give it poetic meaning and
experience at night.

(ArchDaily, 2014: online)

This perforation is not just decorative, as
ventilafion in a waste-to-energy incinera-
fion plant is a crucial functional element;
additionally, the perforated skins allow the
multi-story chimney structure fo offer minimal
wind resistance.

Sustainability..................

Most waste-to-energy plants burn solid

waste from the municipality, and some
burn industrial or foxic waste. These plants
burn 80 to 90% of waste in terms of volume.
Sometimes ash residues are used for specif-
ic products as a raw material for manufac-
turing cylindrical bricks or road construc-
tion. In addition, minerals that cannot be
integrated are collected from the bottom

of the furnace and sold to foundries.

Globally, waste generation rates are rising
due to rapid population growth and ur-
banisation. Inadequate waste manage-
ment negatively impacts the entire planet.
Waste-to-energy (WTE) plants offer a prof-
itable and environmentally friendly way of

adequately managing waste.

Utilising a steam reheat system in a WTE
plant is one of the best ways to increase

overall plant performance. In a steam

reheat turbine package, live steamis fed
through a high-pressure (HP) turbine, re-
turned to the steam generator to increase
the steam temperature, and then routed
through a low-pressure (LP) furbine. Raising
the temperature of the steam passing from
the HP turbine section to the LP section
generates greater output using the same

amount of fuel.
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Climate Summary
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Avergage Rainfall

Meteorology

Average Temperatures

Prevelent wind direction : NNW
Maximum speed : 35 to 40 km/h

The Maximum: 30.8°C
The Minimum : -0.5°C

The Maximum: 111Tmm
The Minimum : 8mm

Bloemfontein is located in central South Africa, with a dry and dusty climate. This region receives plenty of sun-
shine with excellent light quality and little rain. The average temperature fluctuates but is not extreme or intol-
erable. Dry grassy landscapes cover the surrounding areas with isolated hillsides scattered across the plain as
far as the eye can see. The summers are warm and dry while the winters are cold and frosty, though snow is
scarce. The soil has a high clay content with a dolerite ridge running beneath the surface. Considering the cli-
mate of the context is of paramount importance in synthesizing an appropriate design response toward the
site. The site is stretched almost 13km longitudinally, facing north. Using passive design strategies such as orien-
tation, gravity pump systems, thick insulting walls and natural ventilation, the functionality of the building can
be increased and the environmental impact minimized.

Founding Bloemfontein

The city was Founded in 1846 by Major
Henry Douglas Warden on the British
farm, 'Mangaung'’; the place of the leop-
ard. Four primary topographical elements
influenced the city's development: Naval
Hill, Signal Hill, Fort Hill in the south, and
the dolerite ridge extending between
Signal Hill and Fort Hill. This dolerite ridge
created a natural barrier from water drain-
ing to the west, and the pressure built fed
the aquifer flowing eastward as Bloem-
spruit. The Street orientation was laid out
following the Bloemspruit creating an
east-west axis, and Naval Hill & Fort Hill
forming the north-south axis. (Auret, 201
6: online).

One of the most significant developments
was the setting out of Hoffman Square to
intersect with the new axis of Church
Street & the first Dutch Reformed Church,
which extended only as far as the military
camp at Fort Hill. A more defined space
where church & market square forms the
north-south 'institutional axis' & waterway
forming a residential east-west axis.

In 1854 the British abandoned the Free
State, a now independent Boer republic.
(Auret, 2016: online).

Republican years

The three squares, Warden, Market & Bau-
mann Square, began to define a spatial
order strengthened by the Tweetoring
Church steeples and the Government
Building tower. Between the north-south
axis of the Tweetoring Church & Basotho
War Memorial, the first indication of Waai-
hoek native settlement took form. The
stark contrast between President Brand St.
& Waaihoek alludes to the city's racial seg-
regation development. Moreover, the
solid institutional axis was already taking
shape as the Government Building was
joined by the Presidency & the Fourth
Raadzaal (Auret, 201 6: online).

Early Days

Bloemfontein undergoes explosive popu-

lation and infrastructure growth. The cen-
tral district of the judicial capital of the

Union of South Africa is surrounded by ex- :
tensive and varied land-Uses. These devel- &

opments catalyzed residential expansion:
Tempe, Grey College, the horse racing
course, King's Park, the asylum, the agri-
cultural showgrounds, the National Wom-
en's Memorial site, Queen's Fort & railway
grounds, to name a few. (Auret, 2016:
online).

Birth of Union

WaaiHoek destruction

. (Auret, 201 6: online). -

The formation of formal rigour gardens,
from King's Park to various institutional &
private gardens, interposed with an array
of geometric botanicals.In line with the
general principle of racial segregation, the
town council allocated the South-East as a
"hygienic Native township", the beginning
of Batho location, appropriate housing of
'labourers’. Waaihoek residents were dis-
placed to accommodate a new power sta-
tion, ushering in the systematic destruc-
tion of Waaihoek. No other buildings or
additions were allowed. When owners
died, their homes were sold to the munici-
pality and demolished. In 1941 the last in-
habitants were relocated to Batho.

Rescripting Heritage

The systematic failing & termination of the
¢+ historic urban fabric. Green spaces like Vic-
¢ toria Park, a portion of Victoria Square, the
¢ space between Springbok Park & King's

¢ Park, the northern corner of King's Park &
¢ the southern part of King's

¢ Park was demolished for "progress". They

¢ were making way for suburbs, like Lan-

¢ genhovenpark, Mandela View, Woodland

¢ Hills and developments around

¢ Northridge Mall. (Auret, 2016: online).




A5tk

r e 1 @ﬁfiﬂ
A"

i |

®
®

9

%
Kﬁ

Q90d

\\\\\

The SIT€.uienieeeieeeeeeeeeeaannen, 8.1

The chosen site for this prototype facility is
the northernmost landfill on the outskirts of
the Bloemfontein meftro. This site is unique in
ifs positioning and controversial regarding
environmental impacts and community
sentiment. Located on the periphery of the
city edge, nestled between the rural, urban
and natfural landscape, it lends itself towards
an interesting state of in-between-ness. This
is also evident in an analysis on the contex-
tual level, with the two clashing typologies
of industrialization and sprawling suburbia
competing with one another for the main
typological character of the place.

The Bloemfontein municipality has a very
iregular pattern of refuse collection; as
aresult, some residents have decided to
take their refuse to dump sites themselves.
The peril of crime in and around these re-
fuse terrains have caused an increase in
illegal dumping just outside the borders of
the landfill. Residents are scared to enter
dumping sites, and police spokesperson,
Lieutenant-Colonel Thabo Covane, says he
comprehends their reservations. The vacant
land near the dumping sites has become
focal areas for criminals and the homeless
to take rooft. Furthermore, the vacant land
close to the northern dumping site has be-
come a hub for illegal activity. (Hartzenberg,
2018: online)

“There are two groups of people we find

in these areas. Firstly, parolees who do not
have accommodation and choose to bunk
in these open areas. And secondly, people
who come to the city looking for a better life
and find themselves homeless due to lack of
employment. Both groups are rummaging
through the dumping site, hoping to find old

maftresses, pots or any material they can
use to make small shelters. They start settling
on these hills where three to five families are
settling there. The people who are involved
in criminal activities use these areas as a
launch base and for hide-outs. During the
day some go out and rummage through
the garbage, if they don’t find anything,
they then opt fo commit crime, such as
stealing items from cars and breaking into
houses. And it’s challenging for us to frace
them because they don’t have a perma-
nent place where they stay.”(Semenokane,
2018: online)

The landfill site, which shares a bordered
fence with the nearby Petra quarry, has also
become a haven for several dozen waste
pickers who survive by selling recyclable
material they collect. This includes South Af-
rican and foreign nationals staying with their
families. These waste pickers have erected
makeshift dwellings on the landfill.

This landfill site has been making headlines
as residents have voiced their frustrations
about the continuous fires. Residents are
concerned not only about their health but
also about their newly built properties. After
much deliberation and many years of op-
position, the municipality had finally taken
action by issuing a tender for the restoration
of the northern landfill site.




CONTEXT SITE SPILL EXPANSE

| | ; | Tender No: MMM/BID 602: 2020/2021
‘Three (03) Year Refurbishment Contract for Mangaung
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i Can architecture uncover richer layers of opportunity 2

The northern most landfill is sef to be closed due fo community and health concerns as well as

: failing infrasfructure. The municipality has issued a Tender for the renovation of this site , as ex-

i pected , itis to be a civil engineering project, but how would an architectural response do it dif-
i ferently ¢

Figure 10 : Site aerial view (Adapted by author,2022)
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chitectural Alchemy

Figure 12 : Architectural Alchemy (Dennis,2016: online) -

Architectural alchemy...9.1

During the enlightenment period, humanity’s
quest for lost knowledge and the deeply
rooted desire fo understand the physical
world through critical evaluation and careful
experimentation led to the development

of the predecessor fo modern science,

the arcane practice of alchemy. One of

the more, if not the most, famous pursuits

of alchemy was the fransmutation of the
elements, the quest to furn lead into gold. To
take something of lesser value and ample
abundance and transform it into a noble
element that does not decay and has many
fimes the value. The ability fo awaken the
potential for greatness in base elements and
whisper a spell that begins a fruly magical
transformation. (Dennis, 2016: online)

Much like in the architectural profession,
where we distinguish between theory and
practice, the holy duality encompasses all
the magnum opus of our mortal toils. Con-
versely, exploring the duality of alchemy,
the laboratory and the library present us
with two sides of the same coin, the opus
alchemical: the practical and theorefical.

While the practical side of alchemy consists ;™
of a series of experiments with chemical sub- T’

stances’ enacted in the workshop, where
we sit at our tables and sketch fill the break
of dawn, build models, and trace the site’s
contours. The theoretical side is speculative
and comprises creatfing an individual set of
hypotheses. These can then be developed
into fully-fledged concepts that guide a
project down a particular trajectory, turmning
thought into tangible substance.

The architect Louis Kahn, famous for his fran-
scendental notions about space, remarked

that good architects are “form-givers”,
denoting that architects can access the
livingness of the materials, geomeitry and
order to give architectural life to a build-
ing. Winston Churchill also said, “We shape
our buildings, and our buildings shape us,”
implying a reciprocal relationship between
the state of society and the spaces we
choose to create. The transmutation of lead
to gold can also be interpreted figuratively,
where it is a symbolic analogy for a global
transformation or a shift of focus— the evo-
lution of individual centered humanity into
that of societal care. (Bank, 2017 : online)

The application of Alchemy with regard to
this thesis and global fransformation lies in
the fransmutation of substances or places
and their fransifion from a lower to a higher
state. Global fransformation can be seen
as transitioning from a materialistic human
species info something new, a more con-
sciously awakened, spiritualised society. Ac-
cording to schools of an esoteric narrative,
spirituality is any way of life that contributes
to the improvement and good of humanity,
our living conditions, human understanding,
and relafionships, even though no religious
beliefs may be involved. This is where the
architectural theory of ritual comes info
play, the art of furning mundane habits info
spiritualised pleasure.

Ritualising space............. 9.2

When many people hear the word ritual,
they immediately think of the femple or rites
of passage, some sacred transition from
adolescence to an exalted member of their
community. An event horizon that demar-
cates a pivotal moment in an individual life,
a moment of change. (Swaminathan, 2021:

online)



| r:
3
S |
:

f
‘j\-ﬂ‘fx

Figure 13 : Peculiar practice (Dennis,2016: online) -

However, rituals are often a group activity;
the whole community binds together to
celebrate a significant aspect of their life.
Still, rituals are not just about evoking sacred
rights carried through generations; they
focus more on ordering and cementing the
character of civilization.

Rituals deeply ingrained in the daily life of
people perform a pivotal role in giving rise
fo the essence of that society. As we usher
in a new age of rapid modernization and
change, our psychological need for rituals
are by no means diminished. These rituals
can be as trivial as an evening jog or as
exfravagant as atfending an annual music
festival in the vast cosmic expanses of the
desert. Every ritual can have meaning and
an impact on the participants. Furthermore,
every ritual is chosen and performed be-
cause of the experiences it offers. Can these
atfributes encompass the spatial features
of structure¢ Can the ritualisation of space
enhance the communal experience of the
usere (Swaminathan, 2021: online)

Analyzing the pertinence and foundation of
some sacred rites imparts a more delicate

comprehension of the culture and traditions |
that underpin society. Regardless of its impli-:.

cation, every ritual has symbolic underpin-
nings guided by the aspects of the cultural
climate. Rituals practiced in groups or com-
munifies evoke the phenomenon known as
collective effervescence. It is a sociologi-
cal concept coined by Emile Durkheim. I
can be described as a sudden excitement
and kinship when people gather to enact
exfremely arousing events. A reoccurring
pattern tends to emerge if one analyses rit-
uals, where at least three ensuing facets are
always present: sequential, symbolisms, or-
dering, goal orientated, and re-enactment.
Rituals can be divided into two -

classifications, religious and secular. When
we consider rituals, our minds tend to drift
towards religious ceremonies and in many
ways, rifuals and their enactment embodies
religion and vice versa.

Conversely, what is meant by secular rit-
ualse Those which have no sacred or reli-
gious-related rationale. The thing we do on
a day-to-day basis out of our own volition.
Rituals are typically part of our cultural heri-
tage and an integral part of the behavioral
attributes of our species; people have a
universal ritual grammar that is inhibited by
specific characteristics yet is flexible enough
to sustain the burgeoning of staggering
variety. Practicing rituals intensify collabora-
fion and community cohesion throughout
all facets of society. But what does the ritual
do to the mind and the body that makes it
so impactful fo us as people?

Anthropologist Dimitris Xygalatas at the Uni-
versity of Connecticut theorizes that rituals
are powerful mental instruments. Rituals
furnish us with a sense of identity, predomi-
nantly in conjunction with culture. They are
complex networks that affirm a commu-
nity and increase social cohesion when in
place. These repetitive and ordered activi-
ties reduce stress and boost confidence as
it relaxes the mind. (Swaminathan, 2021:on-
line) Can these benefits be experienced in
spaces with no underlying ritualistic value?@
Can rituals guide architects when design-
ing spaces that stand to benefit the users
through ritual-inspired spatial cues? How
do rituals influence architecture¢ Can the
ritualisation of the activity be amplified by
spacial, material choice, or morphology?




Phenomenology............. 9.3

Phenomenology stems from the Greek word
phaindmenon, “that which appears” and
l6gos “study” alludes to the philosophical
study of the manifestation of experience
and senfience. As we have come to un-
derstand, the phrase, Phenomenology was
coined by the German philosopher Edmund
Husserl in the two volumes of Logische Un-
fersuchungen Husserl's intent was fo study
the ethos of human consciousness through
the idiosyncratic encounters of phenomena.
As clearly stated in his Inaugural Lecture at
Freiburg im Breisgau in 1917:

“A new fundamental science, pure phe-
nomenology, has developed within phi-
losophy: This is a science of a thoroughly
new type and endless scope. It is inferior in
methodological rigour fo none of the mod-
ern sciences. All philosophical disciplines are
roofed in pure phenomenology, through
whose development, and through it alone,
they obtain their proper force. Philosophy
is possible as a rigorous science at all only
through pure phenomenology.” (ABIBOO,
2014: online)

In Being and Time, Martin Heidegger elab-
orated on the extent of phenomenology
by incorporating semiconscious and even
unconscious cognitive ventures allied to
practical and infernalized activities, such as
speaking, composing a poem or dwelling.
His perspective is more elaborate than Hus-
serl’s, as he called into question the capac-
ity of tfechnology and scientific postulations
fo ascertain infallible truth. He was partial
fo a unique investigation into experience
utilizing psychoanalysis as a way to reach

a more profound comprehension of being.
By imposing these concepts on structure,
Heidegger denofed a connection between

phenomenology and architecture that
impacted numerous architects and theorists
for decades.

This theory began to gain traction some-
time after World War 2 as a critical reflec-
fion on the validity of senfience in terms of
so-called archetypal human experiences,
such as the bodily orientation of back-
ward or forward, the perceptions of light
and shadow, or the palpable sensations of
dryness and wetness. Architectural theorists
became more concerned with examining
architecture through the lens of perception
and its effect on people, in contrast with
the analytic practice of analyzing archi-
tecture in terms of the stylistic custom of
the structure’s composition itself. It is worth
mentioning that this movement was born
as a contrarian’s voice in callous opposition
to the clinical modernist movement. Archi-
tectural phenomenology, amongst many
other movements of the time, resulted from
attempfts to reconstruct the lost unity of the
personal experience in architecture. Still, it
was also distinct as it positioned authentic
experience as a phenomenon fimeless and
essenfially external to modemity, innate to
the place of being.

Architectural phenomenology, the dis-
course woven intfo the sensory experience
and architectural history, achieved coher-
ence by interlacing three thematic strands.
Woven together, these three strands de-
fined architectural phenomenology and its
legacy.

Experience: the senses were not histor-
ically determined - buildings are de-
signed with the human body in mind

- bodily experience became the point
of entry for spiritualist and religious inter-

pretations of architecture

History: - a modernist docftrine that historical
buildings were expressions of a deeper struc-
turing reality, which was thought to remain
uniform across fime.

Theory: - originated as an early occurrence
of inferdisciplinary - supports the assump-
fion that experience was the ‘essence’ of
architecture - architects examined other
disciplines for evidence , in particular phe-
nomenological philosophy - an ambivalent
but esoteric realm, at the intersection of the
professional architect’s and the historian’s
practice - fransformed the tradition of archi-
tectural historiography - producing pivotal
new ftheories and styles of writing architec-
tural history, that included the visual and ex-
periential sensitivity of architectural synthesis.
Perhaps most notably, Juhani Pallasmaa
wrofte:

“In our time, architecture is threatened by
fwo opposite processes: instrumentalisation
and aestheticisation. On the one hand, our
secular, materialist, and quasi-rational cul-
fure is turning buildings into mere instrumen-
tal structures. devoid of mental meaning, for
the purposes of utility and economy. On the
other hand, in order to draw attention and

facilitate instant seduction, architecture is in- |
creasingly turning into the fabrication of se- i}

ductively aestheticised images without roots
in our existential experience and devoid of
authentic desire of life. Instead of being a
lived and embodied existential metaphor,
foday’s architecture tends to project purely
retinal images, architectural pictures as it
were, for the seduction of the eye.” (Indian
Architect & Builder, 2015: online)

His commentary alludes to the premise that
we confront architecture with all our sens-
es and that this experience is continuous,
robust and contextually derived.

The apfitude to create buildings by re-
verse engineering experiences or to obtain
through innate intuition the elementary re-
quirements of future structures are the pre-
cepts of phenomenology in architecture.
Different cultural backgrounds significantly
affect experiences of architectural space,
yetis it possible to decern if an architect

is genuinely capable of reversing the pro-
cess to design circumstantially appropriate
experiences for other people, or are they
simply the extrapolation of his own convic-
fions onfo everyone else? Is it idealistic for
architects to apply their lived experiences
and observations of a specific culture and
context fo design, in an attempt to repli-
cate those spatial sensations in others?

Although advocates of phenomenology
favor an individual analysis of subcon-
scious understanding and specific context
throughout history to ascertain certain
timeless truths, it is also true that modern ar-
chitects need to conform and engage with
the rapid pace, cultural and physical adap-
tations of the world otherwise known as the
zeitgeist. Design with zeitgeist is to nofice
the moment, being prompt and dynamic,
while to follow genius loci is fo undertake a
slow and sincere contemplation of intrinsic
knowledge. (ABIBOO, 2014: online)

Pondering and designing architecture
through the lens of phenomenology com-
pels the architect to embrace the fact that
creating a building is a process too infricate
to be reduced to or made only from ratio-
nalization and functionalism; however, not
so complicated that the designer can not
encapsulate the spirit through intuition and
the study of unconscious collective under-

standing.




This process of fransmutation from a lower

fo a higher state is less about changing, but
simply revealing what is already there. We
seek to unlock the latent voice of the place
that will make for a truly authentic and poet-
ic place to dwell, in a phenomenological
way. This requires crifically notficing the micro
factors and macro trends exerting influence
and forces on the site.

An architectural response must foremost
consider the implications to human life and
their lived experience on-site, not ignoring
the mulfiplicity of voices but incorporating
as many of them into the final synthesis as
possible.

Assemblage Theory........ 9.4

Many thought-provoking theories deal with
the definition of place and temporality

from various sources. The most common

and established are that of Martin Heide-
gger and architectural theorist Christian
Norberg-Schulz. However, an interesting yet
relatively recent philosophy has entered the
fray that could have an immense impact on
the theoretical field of architecture and how
we inferpret place.

The urban fabric can be regarded as an
assemblage of multiplicities, not necessarily
a complete being, but always in a dynamic
state of becoming. No single disfiled es-
sence but many essences in a continual pro-
cess of plotting a narrative onfo the flesh of
the urban fabric. This architectural response
seeks tfo illustrate the rich layeredness of the
site as well as confextual amalgamations.
The architecture of memory and place is the
amalgamation of the physical and meta-
physical essences that make up the lived
experiences of all people. In the Heideggeri-
an interpretation of place, it is defined as a

phenomenon and can exist only once it has
been or is being experienced; a being in
the space is crucial fo its existence.

However, the being does not merely ex-
perience the space; they appropriate and
interact with it. Architecture is an inferactive
medium where people can create places
and fulfill their need for a meaningful exis-
tence. The counter or rather supplementary
argument to the Heideggerian interpreta-
tion by French philosopher Gilles Deleuze
suggests that spaces and beings do not
jump in and out of existence. They are in
the process of becoming rather than al-
ready being (Muminovic, 2019: online); the
space shapes the being just as much as the
being shapes the space and other beings
in their proximity. This approach broadens
the horizons of one’s perception of space
and people in a liminal way; the world is not
concrete nor imaginary but, something in
between.

This way of thinking can be extended to the
very essences of beings; the conventional
school of thought with regards to the voice
or character of a place employs Chris-

tian Norberg-Schulz's interpretation of the
eternal essence, in which he argues that
everything has a specific, discernible es-
sence that will accompany them from birth
into death. This theorized eternal essence

is quite a static concept with little room for
change or evolution, while Deleuze’s pro-
posed theory is much more adaptable and
multifaceted. His theoretical interpretation
of multiplicifies, as opposed to essences,
comprise many individuals or characteristics
shaping the collective identity of a place,
something that is nof inherent but externally
influenced, mobile and fleeting almost. Un-
like essence, which is distilled and finite, mul-
fiplicities are an amalgamation of infinite

Figure 13 : Blind ecology (Price, 2016: online)-




possibilities that are much more coherent
with the nature of urbanity and humanity.

Dark Ecology .................. 9.5

The Origins of dark ecology lie in the literary
work of Brifish philosopher Timothy Morton,
author of the books Ecology Without Nature
(2007) and ‘The Ecological Thought' (2010).
He positions how we perceive nature and
the ‘natural’ as problematic to the survival
of our species. Historically nature is some-
thing beyond us that is classically romanti-
cized, removed from civilization. This is an
outdated ideaq; according to Timothy Mor-
ton, nature is civilization, and civilization is
natfural. Morton’s ideas are associated with
speculative realism. American philosopher
Graham Harman, one of the key figures in
object-oriented ontology, has many simi-
larities with Morton’s postulations. (Blasdel,
2017: online)

To illustrate his premise in ‘The Ecological
Thought,” Morton infroduces the concept
of dark ecology as an arfistic way fo show
the irony, unsightliness, and trepidations of
ecology. At Nickel, the Russian city above
the Arctic Circle, one of the biggest nick-
el-producing facilities in the world can be
found. The metal nickel is extracted via the
deepest bore hole anywhere on the globe.
The extraction process has had an enor-
mous impact on the ecology of this ferritory.
The habitat of this area shows that human
intervention and nature are inseparably
connected and can no longer be seen
independently of one another (Ploeg, 2016 :
online). Our effect on Ecology has become
an integral part of the ecosystems and the
so-called natural world. The barrier that
forms the distinction between artificial and

natural is steadily starfing to blur regardless
of the ecological consequences. The word
“Oecologie”, initially intfroduced in 1866 by
the German zoologist Ernst Haeckel in his
book Generelle Morphologie der Organis-
men, stems from the Greek words “oikoc™
(“oikos”), which means “house” or “dwelling
place” and the word “Aoyoc” (“logos”)
which translates to “word” or “language”.
The phrase evolved until it was later ex-
pressed as “ecology”, which refers fo study-
ing the relationships between living organ-
isms and their environment. Living organisms
that inferact within an ecological system
create networks, and the shape and sfruc-
ture of these networks are known as “topol-
ogy”.Within materials and materiality, when
one considers Greek philosopher Aristotle’s
hypothesis that everything is an amalgama-
fion of matter (Typology) and form (mor-
phology), which is brought together in its
genesis. The creatfion begins with a form in
mind and a formless conglomerate of raw
matter and it ends when form and materials
are unified in the finalized object. The struc-
ture is actively imposed on, whereas matter
is that which was imposed upon fo bring
forth its potential.

A complete object is formed when a form
is imposed on raw material. Any additional
alterations to this object after it has been
completed are either because of con-
sumption or further exertions, which makes
it a new object. If this is seen as a sample
of material, it has the potential for further
growth and fransfigurations. Hence, nothing
is ever ‘completed in a world of materials.’
This fundamentally questions what belongs
in the natural landscape and what can
be considered a foreign object. From an
object-centered perspective, recycling
can be seen as simply the next phase of a

material’s transformation journey.

Urban acupuncture........ 9.6

Acupuncture is a well-known traditional
Chinese medicinal technique that aims to
restore energy and general well-being by
inserfing precise needles in strategic points,
causing the rejuvenation and stability of the
being. However, what does acupuncture
have to do with architecture?

Among many developing counfries, the
global South faces a plethora of glaring dif-
ficulties borne from a legacy of colonialism
and poor infrastructure. Often, ineffective
governance and insfitutional frameworks
inhibit local economies’ change and regen-
erafion. One of the most widely affected
areas of concern is essential service delivery
and the congestion of basic commerce due
to widespread corruption. This monumental
task does not necessarily require billions in
private investments and large-scale genfrifi-
cations. Still, it can be as simple as relieving
the pressure from a concentrated point of
urban congestion through a targeted archi-
tectural infervention fo promote the circulo-
fion of people and commerce.

Andreea Cutieru, a Bucharest-based ar-
chitect, devised a clever strategy that

can be widely implemented fo begin the
work of regeneratfion, re-imagining, and
renewal within the urban and communal
landscapes. Cutieru frames this under the
banner of Urban Acupuncture as “A design
factic promoting urban regeneration at a
local level, supporting the idea that inter-
ventions in public space do not need to be
ample and expensive to have a fransforma-
five impact. . An alternative to conventional
development processes, urban acupunc-
fure represents an adaptable framework for
urban renewal, where highly focused and

targeted initiatives help regenerate ne-
glected spaces, incrementally deploy
urban strategies, or consolidate the social
infrastructure of a city.”

Urban acupuncture combines a theoretical
and practical approach that seeks to inte-
grate socio-environmental theory, contem-
porary urban design, and critfical thinking
around cities and communities. Tradifional
acupuncture results in an urban design tool
that utilizes small-scale or targeted interven-
tions to transform the sizable urban context
within appropriate typological framing and
structuring. The typological structuring and
amalgamation of various theoretical and
design tactics emphasize the immense ben-
efit of infroducing vigorous, pragmatic, and
tactical interventions across different pres-
sure points. (Gasnolar, 2020: online)

Urban acupuncture is an architectural
design principle of regeneration. The aim is
that improving an urban space helps en-
hance the quality of all the connections
that converge and diverge from that loca-
tion, such as squares, streets, or parks. Urban
acupuncture arises from the necessity to
adapt the conventional city approach to
a new model of an industrial typology. The
segregation of spaces characterizes the
industrial city according to the different
uses that citizens are going fo assign to it:
residential, commercial, leisure, etc. (MCH,
2021: online)

The rapid growth of metropolitan areas in
the last few decades through a trend in the
developed world utilizing large and ex-
pensive infrasfructure interventions has left
obsolete spaces in some strategic or, more
frankly, neglected parts of the cities with

great potential for activation




could only benefit the marginalized inhalb-
itants. These spaces are not used because
they are not cared for. This sifuation creates
the need for new urbanist planning solutions,
and the lack of resources is no longer a valid
or acceptable excuse for neglect.

The manifesto of the Urban acupuncture
movement is to critically investigate those
spaces that have become outdated and
abandoned within the urban structure of
cifies. Eventually, the goal is to reuse and
reinfroduce these spaces into their con-
fext to make the city more compact and
user-friendly. Consequently, using public
space as a merging point for work and lei-
sure reduces the distances between the two
typologies and thus creates a more efficient
and sustainable city.

This approach can be as versatile as the
current need demands; reorganization of
spaces is done at many different scales. It
can range from something as concentrat-
ed as the reorganization of a street comer,
vacant plots of land, or empty buildings tfo
implementing a pyrolysis waste manage-
ment facility.

The apparent absence of green spaces in
cifies is an obvious starfing point. The con-

struction of new parks represents a practical

hurdle due to the scarce space and lack
of financial resources to carry out a project
of such magnitude. However, rehabilitating
small or neglected urban spaces to build
gardens and green spaces is feasible and
possible.

Conclusion......cceeeeeunen.. 9.10

Alchemy and architecture can be regarded
as a theoretical touchstone, a catalyst to
begin the process of conceptualizing and

exploring possibilities within this site. Noticing
the potential that lies within and uncovering
the formula through experimentation could

lead fo this site’s fransmutation from its low-

er to a higher state of being.

Utilizing a phenomenological lens allows
the designer to empathetically scrutinize
the site for cues and signs of human lived
experience embedded info the effects an
architectural infervention will have on the
lives of local communities and the peo-
ple that dwell there. Will it benefit them or
disrupt their way of life¢ That being said,
can these benefits be experienced in
spaces with no underlying ritualistic value?
Can rituals guide architects when design-
ing spaces that stand to benefit the users
through ritual-inspired spatial cues¢ Can the
ritualisation of the activity be amplified by
spacial, material choice, or morphology?
Essenftially culminating in a cathedral of in-
dustry, a secular space where the recycling
ritual can still have a life and environmen-
tally changing effect on participants and
local inhabitants. A medium that delivers
salvation from circumstantial toil employing
a targeted architectural intervention that
alleviates urban congestfion and stimulates
economic growth to mitigate unemploy-
ment while attempting to address a facet
of the energy crisis.

All these thought-provoking notions culmi-
nate in the principle of spatial justice, which
is about the equal allocation of the respon-
sibilities and privileges of urban expansion,
primarily focusing on how these rights are
managed and distributed amongst the
people. Architects can play a significant
role in the fight for change and spatial
justice for all members of society regarding
how our cities and communities are zoned,
arranged, designed and managed.

Translating Enigma

epet

Design Development
i Revealing the process

This Chapter explores the design conglomeration and sheds a littfle more light on the ideation
process that led to the final synthesis.




Touchstone

. Architecture and Alchemy
i Transcending circumstance

This touchstone explores the essence of my research project during the

i March(prof) thesis, my aim is to delve deeper and broaden my understand-

{ ing of architectural expression through an abstract medium. A thesis is much

* more than a programmatic accommodation list ,it has a layeredness that
adds depth and present rich opportunities for design intervention. How can a
waste management facility become more than just a piece of infrastructure ,
my hopes and aspirations with this thesis , captured in the touchstone is to
perform architectural alchemy on the urban environment , to tfransform a
failing landfill info an urban node that can actively contribute to the commu-
nity and become worth its weight in gold.

Keywords :

Uncover
Unlayering
Deconstruction
Distil
Transmute
Etch

Extend
Regenerate

- Sustain Figure 14 : Touchstone (Au’rhor,2022)-




Concept

. Assimilation
i The quest for equilibrium

This concept explores the notion of assimilation derived from one of the well known methodolo-
i gies of Recycling. By construing reuse in an architectural lens one can arrive at thought provok-
i ing notions that ultimately leads to an architectural response. The idea behind assimilation deals

with taking in or consuming what is around oneself to ultimately reach a higher state of being.
This ties in loosely with the theme of my research project , alchemy with regards to the intent of
the alchemical docftrine that suggest that opposite forces seek to find harmony by balancing
each other as hot migrates to cold, day becomes night the perpetual strive for equilibrium.
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SISl ' ‘ Figure 15 : Concept 1 (Adapted by author,2022) 65



Concept

02

Scar
Inspiring sympathy

This concept explores the notion of the Scar on the landscape and man’s adverse effects on
nature. By delving into the practices of destruction , withessing the charring and the disintegra-
tion of something that was once pristine one starts to conceptualize imposition. This creates a
great sense of apathy and in turn inspires a great sense of responsibly as a designer to be as
careful and resource-full as possible , to not perpetuate the scar even further , but to confribute
to a dire situation in a sensitive manor. Exploring this concept with my experiment of ruination
made me cautious of mass imposition and eftching froughs in the landscape just for the sake of
an impact full design.

- Keywords : . _—_

Transforming narrative
Change

Distarting order
Incubating biophilia
Touching lightly
Unlayering ruin
Sustainability

Figure 16 : Concept 2 (Adapted by author,2022)




Concept

e
: Oasis
t Liminal sanctuary
This concept explores the notion of an oasis within the tumultuous barren landscape as a tempo- —
i rary safe haven from harsh reality. These spaces serve as a tranquil reflection space where the
i body can unwind and replenish itself before embarking on its next journey. o

Keywords :

P -
Displace : o
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Regenerate S
[ntervention
Preserve
Extend ’

Spacial modification
Obscuring ruin
Tracing Historicity

Assimilation
Reuse ’

Figure 17 : Concepft 2 (Adapted by ou’rhor,2022)-



The mochine_ aesthetic

Concept model
i Assimilation

i This concept model explores the notion of assimilation, a mechanised structure that wonders the

i land scavenging for scrap and raw materials to feed its insatiable hunger. The aim of assimilation

! is not the preservation of the two respective entities, but the total integration of one by the other.

" as the more substantial essence dissolves, the weaker essence, in the process, becomes even
more potfent.
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A point of Hierarchy that at-
tracts and orients pilgrims in
the space. that is not conveyed but expe-

rienced. ing from public to private.

Spatial choreography of the Stimulates the mind as well as A liminal space that prepares
body, an architectural narrative the bodily experience from vast and ushers the body into a new
to enclosed spaces. Transition- expiernce of place.
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17

Technical synthesis
t Infroduction

i This chapter investigates the design synthesis from a functional and practical point of view. Ex-

i amining material and structural choices that informed passive design strategies and integrated
i health and safety protocols into the final design. Since the essence of this project is an industrial
i facility , program and function determined the majority of the structural and antithetical deci-

" sions that led to the culmination of this project.

Climate report............... 11.1

Bloemfontein is the largest city situated in
the Free State province of South Africa with
an exponentially growing populatfion due

to people migrating from rural areas, drasti-
cally increasing waste generation. Currently,
there are two landfills in the city, one situat-
ed north and the other south of the city, and
these sites are the primary recipients of alll
the waste produced in the city.

According to the Mangaung Metropoli-
tan Municipality, the two landfill sites are
currently permitted to be used, but neither
meets the minimum requirements as they
lack some basic facilifies in a well-designed
landfill. These facilities include an underly-
ing barrier and leachate collection systems,
as well as proper conftrols concerning the
health and safety of the reclaimers. Both
landfill sites are positioned in two different
geological terrains; although they are both
underlain by Karoo sediments, slight differ-
ences exist in the underlying geology. (Olo-
lade, Mavimbela, Oke and Makhadi, 2019:
online)

The regions climate is classified as a cold,
semi-arid zone, with a lowland climate as-
sociated with dry winters and mean annual
temperatures below 18 degrees Celsius.
The median yearly precipitation in Bloem-
fonteinis 514 mm, with an evaporation rate
of 1676mm. The summer season is typically
from October to February and winter from
May to August, with a median yearly maxi-
mum temperature fluctuating from 26 de-
grees Celsius in summer and an average
annual mean minimum temperature of 8c in
winter. The terrain soil type is categorized as
duplex soil, with a significant portion being
clay.

Geology report............ 11.2

The Bloemfontein northern landfill site is
located on the northern margin of the city
and is about 35 hectares in extent. The
landfill terrain is zoned as a general waste
site. The landfill terrain is made up of two
geological groups of the Karoo Supergroup,
namely, the Ecca and the Beaufort groups.
The Beaufort group consists of vast sedimen-
tary rocks, such as sandstone, shale and
mudstone, which are infruded by dolerite
dykes and sills.

Two aquifer classes are common to the
Bloemfontein area, namely, fractured and
inter-granular aquifers. Inter-granular aqui-
fers comprise sedimentary rocks that have
a series of dolerite infrusions. The landfill has
a steep inclination fo the north and is situ-
ated on aslight rise. Waste rock piles from
a dolerite mine, located on the north-west-
ern boundary and steep inclination of the
landfill site may affect the chemistry of the
ground and surface water, as a large part
of the runoff from the mine drains through a
portion of the landfill.

Groundwater report....11.2

A dolerite sill enfirely underlies the land-

fill site with depths of up to 35m. Derived
from the tfopography of the terrain, the
predominant flow of groundwater is in

a south-easterly direction. Regrettably,
groundwater resources are commonly
vulnerable to pollution, especially in the
present day wherein extireme contamina-
fion occurs on the surface and eventually
reaches the groundwater system. (Olo-
lade, Mavimbela, Oke and Makhadi, 2019:

online)




Some of the significant regulations regarding
water quality gathered from groundwater
samples were non-complient with the South
African National Standard (SANS241:2015)
and World Health Organization permissible
limits for drinking water. Most boreholes had
total dissolved solids and electrical conduc-
tivity values exceeding the SANS 241:2015.

Based on the analyzed physiochemical
parameters, the study concluded that the
northern landfill site had a poorer water
quality than the southern landfill site. The
high porosity of the weathered dolerites in
the northern landfill site could have caused
the infiltration of contaminants info the
groundwater resulting in poorer water quali-
ty. (Ololade, Mavimbela, Oke and Makhadi,
2019: online)

Over the years, the disposal of waste by
landfilling has established itself as one of the
principal malefactors behind the contami-
nation of groundwater resources. Municipal
solid waste landfills create a lot of pollution
due to the leakage of landfill leachate that
affects the nearby habitat, especially sur-
face and groundwater bodies.

If this problem is not addressed, the ground- A

water supply could contaminate surround-
ing neighbourhoods and adversely affect
the health of the nearby community. The
anaerobic leachate that originates in land-
fills comprises a high amount of dissolved or-
ganic carbon, salts, ammonium and organic
compounds, and metals.

Landfill Requirements....11.3

A plethora of factors need to be considered
when selecting a site that will be suitable for
locating a landfill site, and over time, these
factors that might have been appropriate

at the inception might no longer be suit-
able. The geological structure of an area
with an emphasis on the underlying bed-
rock and geological structures is one of the
most critical facets that must be examined
when determining the suitability of a site for
landfill construction. Hydrogeological, topo-
graphical, ecological and economic, as
well as the social environment, are some of
the main factors influencing waste dispos-
al site sustainability. (Ololade, Mavimbela,
Oke and Makhadi, 2019: online)

Pile Foundations...........11.4

Pile foundations are deep sub-structures
consisting of long, slender, column elements
commonly made from steel or reinforced
concrete, or even timber. A foundation is
described as ‘piled’ when its depth is more
than three times its breadth and is used to
support the structure and transfer the load
at the desired depth. Pile foundations are
typically used for massive structures, and

in circumstances where the soil at shallow
depth is not adequate to resist exorbitant
settlement. These foundations are also pref-
erable when the groundwater table is high.
(Singh, 2022: online)

Type : End Bearing Piles

In this type of pile foundation, the loads
pass through the lower tip of the pile. The
bottom end of the end-bearing pile rests
on a solid layer of soil or rock. Usually, the
pile rests at a fransition layer from weak
soil conditions to a more robust layer. As a
result, the pile acts as a column and safely
fransfers the load fo the strong layer.
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Model

BLL-16

Capacity

12-16t/d

Working Process

Semi-continuous

Reactor Size

©2800*7100mm

Reactor Material

Q245R

Drive System

500 reducer+7 .5kw driv
e motor

Land (L*W*H) 33m*13m*8m
Power 55 6kw
Burner 2*400,000 kcal
Total Weight of Shipped Material | About 34.5t
s
Number of Containers 1*40FR+2*40HQ
Noise (dB) <60
Heating Materials
Condensing Sy | Vertical Cond | ¢820*3600
stem enser Single piece condensin
g area
35.6m2
3-in-1 Conden | 8000*2260*2500
ser Condensing area
49.5m2

1. Feeder system

2. Multipoint monitoring system
3. Oil gas recycling system
4. Hot air circulation heating system

5. Moving horizontal pyrolysis reactor

Figure 17 : Pyrolysis system (BESTON,2022) -

Material : Cast-in-Place Concrete Piles

This pile footing is constructed by boring sall
up to the desired depth, depositing mixed
concrete in that place and letting it cure
there. Cast in situ concrete pile foundation is
constructed either by driving a metallic shell
info the ground, filling it with concrete, and
leaving the shell with the concrete or pulling

it out while concrete is poured. Usually, round
piles are used in cast-in-situ piling. (Singh, 2022:
online)

Health and Safety ......... 11.5

Architects, by definition, need to be con-
cerned with health and safety. After all, any
new or renovated building has to be designed
with health and safety in mind. Whether it is
ventilation, fire escape routes or materials,
health and safety always need to be con-
sidered. However, it is not only about the
building’s safety standards but also about the
process. (Emma,2019 : online)

When it comes to risks on site, there are some
principles which should be adhered to. This
can help fo eliminate risks at their root and

prevent any hazards from escalating. Eliminaté’:

the hazard - the best way to avoid accidents
is fo eliminate the hazard. This is where ethical
and responsible design comes info play; by
adequately studying and understanding the
infricate processes and machinery used in this
facility. (Emma,2019 : online)

One can identify possible risks associated with
a partficular facet of the facility such as oil spills
or machine malfunction and design accord-
ingly. It is imperative to fake note of these
possible perils and to reduce people’s confact
with the potential hazard. Because of these-

chemicals, oil refineries are tightly regulated
places to work. Fortuitously the pyrolysis ma-
chinery specified for this project is a prefab-
ricated, automated and closed system with
added engineering confrols to reduce the
risk fo human life. It is quite modern in that
the equipment can simply be placed in the
space designed for it without additional
supporting systems such as custom cooling
mechanisms or structural support as it is
already built-in.

A petroleum refinery’s primary function is fo
separate crude oil into its various compo-
nents, these are then reprocessed into valu-
able compounds. The type, number, and
size of process units required at a particular
refinery depend on numerous variables,
including the type of crude oil and the final
outcome required. The interconnected units
making up a refinery are a maze of tanks,
furnaces, and distillation fowers, otherwise
known as fractionating columns, reactors,
heat exchangers, pumps, pipes, fittings, and
valves.

The plant and equipment of refineries are
generally modern, and the processes are
mainly automatic and enclosed. Routine
operations of the refining processes gen-
erally present a low risk of exposure when
adequate maintenance is carried out,

and proper industry standards for design,
construction, and operation have been
followed. However, the potential for hazard-
ous exposures always exists. Hazards include
fire, explosion, toxicity, corrosiveness, and
asphyxiation. One of the most effective
ways to mitigate these hazards is by avoid-
ing enclosed spaces where pressure and
toxicity can build up; keeping the spaces
ventilated is crucial to ensure the safety of

all who work in them.




The plant and equipment of refineries are
generally modern, and the processes are
mainly automatic and enclosed. Routine
operations of the refining processes gen-
erally present a low risk of exposure when
adequate maintenance is carried out, and
proper industry standards for design, con-
struction, and operation have been fol-
lowed. However, the potential for hazardous
exposures always exists. Hazards include fire,
explosion, toxicity, corrosiveness, and as-
phyxiation.

One of the most effective ways to mitigate
these hazards is by avoiding enclosed spac-
es where pressure and toxicity can build up;
keeping the spaces ventilated is crucial to
ensure the safety of all who work in them.
Other precautions can be taken, such as
sloping the floors where the petrochemicals
are being processed to drain atf the specif-
ic point that does not connect to the main
municipal sewer line, but a separate tank is
crucial to mitigating possible environmental
harm in the case of a spillage.

Gravity pump................. 11.6]

It is expected to find extravagant water
management systems af industrial facilities,
such as mines and refineries, based on costly
and complex high-pressure pumped systems
when a more economical gravity flow sys-
tem would be sufficient in most cases. While
many mines and refineries rely upon deliver-
ing high-pressure water ,requiring powerful
pumps and heavy-duty pipework, elements
of an efficient pump system can often oper-
ate successfully without the need for pumps
(Wood, 2015: online)

These processes can sometimes be con-
figured to use “cost-free” gravity flow and
drainage management as non-pressurised
systems. Although, it is common to see
pumped-pipe systems specified for such ap-
plications, leading fo unnecessary expenses
on pumps and high-specification pipes and
ongoing equipment maintenance. Fully cer-
tified, high-quality, high-density polyethene
(HDPE) pipes designed for gravity-applica-
fion pressure grade would provide all the
corrosion and abrasion resistance required
of an industrial application without the
added expense of more complex systems.
(Wood, 2015: online)

Pump manufacturers estimate that up to
90% of a pump’s running cost is due to en-
ergy usage, wear and parts, making them
one of the most expensive components on
industrial sites and even more costly if spec-
ified when not required. They can be sup-
plied in longer lengths than more expensive
concrete or ductile iron alternatives, mean-
ing fewer joints are needed, reducing the
possibility of leakage. (Wood, 2015: online)

By suspending the gravity pump system in
the flat trusses, less energy will be required
to transport the fuel in its various stages
while making maintenance more accessi-
ble than subterranean alternatives.
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North-orientation

The length of the site is orien-
tated almost perfectly north, :
and this crucial factor informed
the spatial planning as well as
the morphology of a prospec-
tive structure on this terrain.
Making use of northern sun-
light to illuminate and regulate
the interior spaces reduces the
need for air conditioning and
enhances the climatic atmos-
phere of these spaces. All win-
dows and clerestory windows
are either north or south, with
the roof structure sloping to
open up to the north.

02

Natural-ventilation

When working with fumes and in-
¢ dustrial processes, ventilation is

crucial regarding health and

safety regulations. The design
i employs an open-air truss system

covered with louvres to provide
shading and UV protection since
the machinery is robust and
weather resistant. This system
allows for plenty of natural venti-
lation while not putting the
nearby community at risk since
the prevailing wind direction is
NNW blowing away from Bloem-
fontein.

03

: Climatic insulation

The Free state climate is arid;
i temperatures can fluctuate be-
i tween the extremities. For this
i reason, | have decided to use
thick masonry walls to insulate

the interior spaces keeping the
atmosphere constant and shield-
ing it from fluctuating tempera-
tures. The thick walls are also for
security and safety purposes
since the site can be classified as
a high-risk area. The innermost
section that accommodates the
pyrolysis machinery and fuel
tanks is made of a different ma-

terial, reinforced concrete, to mit-

igate danger from a potential ex-
plosion.

Gravity pump system

The transportation of the fuel in
i its various stages, refined and

i unrefined, vapour and liquid

i states are done through a pipe
system hosted within the flat

truss system pitched at an angle
to utilize gravity as means of mit-
igating energy consumption, sim-
ilar to plumbing systems, but
with added pressure and temper-
ature regulation.
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Pre Heating system
Plastic Gasifier
Heating element

Waste collection

Figure 18 : Pyrolysis diagram (Author,2022) -

Pyrolysis Process............. 11.6

The pyrolysis process is quite fechnical, but
not necessarily that complicated. To simplify,
the first and foremost step is collecting raw
plastic waste material. Then, it is pre-tfreat-
ed to remove any foreign material from the
conversion process of plastfic to fuel. In a
nutshell, impurities are washed and removed
from the raw material to ensure a homoge-
neous reaction.

Then the pre-treated raw material is ground
to the desired size before loading the
ground plastic particles into the reactor, the
pyrolysis chamber. The size should be ap-
propriate fo ensure the reaction can occur
smoothly and efficiently.

The pyrolysis chamber is loaded with ground
plastic and a suitable catalyst to promote
specific types of chemical reactions. The
reaction temperature can range from 200-
900 C based on the quality of the liquid oil
desired further down the line as a product.
The ground raw material first gets melted,
and then it gets vaporised.

The vapors are then passed through con-
densers in series fo condense them into

a liquid. This liquid oil is then further sent
through the process of refining, fracturing
and distillation. This refined liquid is the de-
sired oil which is used as a multipurpose fuel.
The combustible substance is an excellent
fuel source and has many industrial appli-
cations, such as diesel electrical generators,
diesel burners/stoves, boilers, heaters, gey-
sers and diesel pumps. The distillate can be
further fractionated info fuels such as pefrol,
commercial diesel and kerosene for auto-
mobiles.

Research suggests that pyrolysis is probably
the best way to recycle plastic waste. Those
in the commercial sphere of recycling can
see record profits through their waste plastic
recycling plants when they choose to utilise
this process. Through the pyrolysis process’s
thermal degradation of plastic feedstock, a
facility can extract up to 40-45% oil, 30-35%
carbon black, 10% combustible gas, and
15% steel wire.

The Plastic pyrolysis process can astonishing-
ly turn waste intfo wealth. With as little wast-
age as possible, gasses produced during
the thermal degradation reaction can be
repurposed as a fuel source for the burners.
The remaining carbon black residue has a
wide range of industrial applications. The
carbon black can be used for constructing
clay bricks or as fly ash in concrete produc-
tion. At the same time, the fuel oil can be
utilized as industrial fuel materials for burning
or further refined to diesel or petroleum.
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10. Utility Closet

11. Male Ablution
- Adjacent Locker Room

12. Disabled Ablution
13. Female Ablution

- Adjacent Locker Room

1. Laboratory Chemical Storage
- Dry Storage Closet

2. Wet Laboratory Space

3. Laboratory Technician Office
- En-Suite Ablution
- Storage Closet

4. Boardroom

5. Kitchenette

6. Utility Closet

7. Manegerial Office
- En-Suite Ablution

8. Manegerial Office
- En-Suite Ablution

9. Reception
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11. Boiler

12. Fractionation Columns
13. Fuel Storage Tanks

14. Fuel Depot

15. Loading Yard

1. Delivery
- Dry Storage Closet

2. Delivery office
3. Overflow Storage
4. Loading
5. Visual Inspection
- Sorting
6. Shredding
7. Primary Furnace
8. Condensation
9. Secondary Furnace
10. Fuel Tank
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1. Private Courtyard
- Spillout Space
2. Main Courtyard
3. Entrance Courtyard
4. Foyer Courtyard
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6. Intimate Courtyard
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+ Fuel Truck

: Managerial Staff
3% Delivery Truck

4’ Plant Labour

{5} Waste Pickers
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Pyrolysis Facility
Free State
Bloemfontein

Brief Project description

A Waste management facility on the
northernmost landfill that
transforms discarded plastic into
crude oil which can be processed
into diesel or petrol. This design
emphasizes community utilization
and economic stimulation.

Together all can prosper.

98

i

\ gumi I

A

il LA
oy

/mma
/ e
i 4

o

-
B R BN A N A A DY SN LS LS S S S S A

) ) T —

¢ 7

L e S




a
DDUUDLII_IDUUUEH_ILI

- mm CHNCN

‘| DELIVERY YARD [ ] GENERATOR [{elel} Il
Concrete.

|l e PR— PE— (LA

I smEOFFICE | | | |
‘Sandstone

COMMON AREA

FFEEDSTOCK STORAGE PRODUCTION LINE @) @) R
CConcrete: Concrete
(3

A103

J)

SSOUP KITCHE | COMMON AREA |
(CConcrete Sandstone | 1

o

| SSOUP KITCHEN | 'COMMON AREA
| ssandstone| || | | Sandstone ||| |

uP T
S et NN TN

Ground Hoor Plan <> O T




4

e

n!xs# -t

-

f—phey
&
-

L S A R
-

s
-

‘ A T

. e e e

..

=Y

¥ [

||||n|m||||||||||\|!|||\I\|\|\|l\l\l\l

4

Z)
4 i

2
2

2

7, 7

\




‘ ‘ il EMMME 11l |||||u|| 777777 i i i\
=T =] Ii==li==il | N T e e e ——
| | [— =11 [ =] T = == = === === == == === === == == == == T

South Elevation




A

- L/
ir ,n,,,, -.u - \
1%»,1, I / |
[ Bm:\k \\

i sl kit

A

—
\] o
AN w—
AU —
W e——
—\
o\
W
| —\

A

N ?
e W
| N\




10 mm Lazer-cut Corten Steel Panels

50mm round bar cross-bracing

Industrial fractionation column to
engineer's specification

50mm x 100mm rectangular hollow section
lightweight steel fence chemically treated

60mm x 40mm rectangular hollow section flat truss
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W Conclusion

i In conclusion, this thesis investigates how an architectural solution can mitigate the ru-
ination of neglected spaces and tfranscend mere functional infrasfructure when deal-
i ing with a complex issue of landfilling in the urban environment. These spaces are a
o freasure frove of wasted opportunities fo create jobs and stimulate economic growth
i while critically noticing an opportunity to celebrate the downtrodden as a crucial
1= contributor in addressing the natfion’s waste management hurdles. Exploring possibil-

. Lo i ities within this site, noticing the potential that lies within and uncovering the formula
g - " RE'Scri pti ng i through experimentation could lead to this site’s transmutation from its lower to a high-

' * er state of being. Adding depth fo secular function by stimulating bodily experiences

8 Na rrative in an aftempt to ritualize and celebrate a mundane process. Sometimes, a nuanced
- N O : perspective can open new possibilities that have not yet been considered. Plastic
~ - : ; - refuse can be recycled more efficiently using pyrolysis, furning plastic into fuel sources,
’ and fransforming the issue info a grand resolution. A functional complex can become
» Prospective SDP a cathedral of industry, a secular space where the recycling ritual can impact the en-
vironment and all the pilgrims who venture there.

This Site Development Planis a
conceptual approach to what could
NG happen to the landfill once it has
1 been rehabilitated. This neglected
AR space could become a green park
i) : 1 where all members of the

; , community can feel included and at

bl o peace in nature.
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