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thesis proposition narrative
Waste management has been a recurring
problem in Lebanon for years, and the
government’s inability to properly control
trash disposal has led to a crisis.

The Lebanese Civil War lasted from 1975 to 1990 and shortly after
the end of the war, the “National Strategy” for waste management was
developed. In short, it called for all waste from the Beirut and Mount
Lebanon region to go to a single landfill site.
In 1997, the Naameh Facility opened as a temporary site that would
take just 2 million tons of waste. However, 18 years and 15 million
tons of waste later, the Naameh Facility had to close down due to extreme overfilling. The government knew about the inevitable closure
of this site, but still had no plan in place for dealing with the waste.

major waste crisis
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To put things into perspective, the image on the right is a map of
Lebanon and the red shading is the Mount Lebanon Governorates.
This area is home to around 2 million people, and the entire country’s population is 6.8 million. All of the waste from this Governorate went to one single landfill.

In July 2015, the private waste collection company, Sukleen, had to
suspend collection due to their contract expiring and people were left
to deal with their garbage by themselves. Garbage was piling up on
the streets around the city which, of course, caused many problems
in terms of health, traffic, sanitation, pollution, etc. The government
failed to find solutions to this problem and in response, a series of
small protests led by grassroots organization “You Stink!” erupted.
These protests gained momentum by August and had attracted over
20,000 people.
The protests were categorized by slogans and comical figures representing Lebanese politicians and a number of chants gained popularity and eventually protests spawned the political campaign “Beirut
Madinati.” Protests expanded to issues of civil representation, corruption and government inefficiency and Lebanese leaders were blamed
for this crisis. They did not provide a long-term vision for many issues
surrounding ecological/environmental issues, waste management,
and more.
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Waste got dumped on
streets and stuffed under
bridges due to the lack of
preparation from the government

overflow of garbage

Waste incineration in a residential
area on a typical day in Beirut

On August 23, 2015 Lebanese army units were deployed to the streets
of Beirut after the protests turned into street fighting with law enforcement. The Lebanese Red Cross treated 402 people that day (The
Guardian).
Near the end of August, Sukleen restarted their collection but with no
proper dump site allocated by the government. They were forced to
dump the trash under bridges and on empty lots around the city.
The Beirut port explosion on August 4, 2020 only made things worse
by turning large parts of the city into rubble and dust and damaged
two treatment facilities. In October, one of the two main landfills,
the Borj Hammoud/Jdeideh landfill, reached its maximum capacity
and shut down. The cost of rehabilitating the damaged plant would
cost about $7 million and upgrading the Costaprava landfill, which
is nearing its maximum capacity, will cost $56 million (Al Akhbar).

highway to hell

Since the explosion, these landfills have been taking in much more
waste than they are meant for, but the government has not offered a
solution, nor the funding, amid a bankruptcy.
In 2015, people resorted to burning their garbage but that has been
proven to be unsustainable and extremely dangerous for health.
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the electricity dilemma
Another issue burdening the people of Lebanon is electricity blackouts several times a day, sometimes up to 17 hours a day. Politicians,
however, are unaffected by these power shortages because they have
links with private generator operators- the ones who profit from the
failures of the national grid. Lebanese pay two electricity bills: one to
the state electricity company, EDL, and the other to their local generator owner. When blackouts hit, they switch to their private power
which is extremely expensive, and technically running private generators is illegal, which means these owners have political cover (under
the table deals-- in return, the security forces expect generator operators to provide free electricity to some communities to ensure their
loyalty to the government in elections).
Some of these generator owners are militia leaders (like Hezbollah)
who defended their communities during deadly sectarian clashes between 2011 and 2014 (BBC). However, many others who don’t live
in these “protected” militia-controlled communities have to get electricity through theft. Half of the power that EDL supplies is stolen
where electricians who specialize in illegal hook-ups tap power from
communities where the lights are on and re-direct it to those suffering
blackouts. In the extremely poor areas, such as the Shatila Palestinian
refugee camp in South Beirut, nearly every poorly-built home has a
family barely surviving on stolen power.

The energy shortage is partly a result of years of under-investment in
power plants, but mainly caused by political tension and corruption
between militia leaders and politicians.

“…without [the stolen electricity] Aissa Rashid might
not be alive today. He suffers from lung failure and can
only breathe with the aid of an electricity-operated oxygen machine attached by a tube to his nostrils. When
the official supply goes off, the family switch to an illegal hook-up - only going over to an expensive generator
if the stolen power also fails. Several times a day, there
are terrifying moments when the supply switches from
one source to another - and Aissa, lying on a sofa in the
living room, suddenly struggles desperately for breath…
The state electricity supply to Shatila is particularly low
because one of the main feeder cables is broken. But it
has not been repaired because of sectarian tensions between different parts of Beirut.”
BBC

life and death situations

The country’s national grid can only supply about half of the electricity people want leaving many people struggling with spoiled food,
inability to do laundry, and for those fighting illness, also fighting for
their lives.
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relevance of the narrative in literature
Case Study I: Recycle Beirut

Case Study II: Studies of Dr. Najat Saliba

Research Interests:

This organization is hoping to prompt a behavioral change in society
by working with businesses like schools and restaurants, and sometimes private residences. It simply works by having these businesses
call them up and they come and collect the recycling and take it back
to their factory for sorting and processing.

Director of Nature Conservation Center and Chemistry Professor, American University of Beirut

Atmospheric chemistry: Mass and chemical specialization of coarse
and fine particles indoors and outdoors.

In 2015, Dr. Saliba wrote a letter to the rest of the faculty at AUB about
solving the waste problem. Everyone replied and thus began the AUB
task-force to try and do something about this crisis or look for possible solutions to offer the government.

Study of air pollutants involving the measurement of the levels,
diurnal, and seasonal variations of low carbonyl, CO, SO2, and O3
in Lebanon.

This organization hires Syrian refugees in an attempt to solve both the
garbage and the refugee crisis in Lebanon.
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From Sam Kazak, one of the co-founders: “What we are doing is we’re
trying to create as many jobs as possible for refugees and for all vulnerable people in general. Most of our workers are Syrian and Palestinian
refugees. They don’t have any problem working in this industry.”

Her research led her to investigate the Lebanese air quality and was able
to prove that those who live near garbage piles or open burning sites are
more likely to suffer from respiratory problems (BBC Future). She did
a study and found a connection between garbage piles in the street and
higher levels of bacteria and fungi in the air that people are breathing in.

One problem is that refugees struggle to obtain work permits, so if a
police officer stops a truck driver for example, they get fined and the
truck gets impounded. Every time a truck gets impounded, the tons
of garbage it was transporting gets displaced and ends up in the sea or
burned (contributing tremendously to the pollution problem).

The lack of education surrounding health and pollution allows people
to go about their day not giving their environment a second thought.
This leads to careless and naive behavior, whether it be smoking daily or burning garbage, therefore harming their health without realizing it. There were many research interests Dr. Saliba studied.

Development of new analytical techniques for the determination
of i) toxic components in arghileh smoke, and ii) thymoquinone; a
preventive anti-cancer food additive, in blood.
Bioprospection research as part of the Initiative of Biodiversity
Studies in Arid Regions (IBSAR): Extraction and identification
of biologically active components isolated from several Lebanese
endemic plants that have been known by folk medicine to have
medicinal usage.
Extraction and identification of the chemical profile of essential oils
from plants of high commercial value.
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project proposal
Case Study III: K2P Evidence Summary
Other countries have adopted different waste management techniques
such as source reduction, collection, recycling, composting, incineration, and landfilling based on their income level.
Incineration results in the release of toxic gases, one of which is dioxin, a human carcinogen.
Health consequences include:
•
•
•
•
•
•
•
•
•
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Increased risk of cancer, especially pancreatic and skin cancer
Congenital abnormalities such as birth defects, hypospadias, epispadias, and low birth weight
Increased risk of asthma and rate of hospitalization due to asthma
and other respiratory problems
Environmental consequences include:
Contributes to global warming through production of carbon dioxide
Produces toxins which slow down plant growth and agricultural
yields
Prevents oxygen diffusion into the soil thereby discourages revegetation
Increases fish mortality rate through production of toxic oxides
Affects health of herbivores through ingestion of plants bioaccumulating trace metals

This is a proposal for a waste management facility to be built in the
busy city of Beirut to educate the public and prevent further damage
to the environment.
This facility collects, transports, processes, recycles, and monitors
waste materials from both businesses and private residences. There is
a sorting and processing wing to separate waste into different categories.
Proper incineration of certain types of waste will generate green energy and the gases emitted from the decomposition of trash in landfills can be used as a renewable energy source. Through the use of
extremely high temperatures, trash is converted into clean, renewable
energy which is used to light homes and heat buildings. Emissions
from the waste are thoroughly cleaned using a type of air-quality-control system to ensure no harmful pollutants enter the atmosphere.
Waste that cannot be burned safely is sent to a landfill which is specifically engineered for safe, environmentally sound, long-term disposal.
This trash is compacted and careful measures are taken to ensure the
protection of surrounding land, air, and water supply.
This proposal introduces a new typology to the country and educates
the public on their harmful ways of living while addressing the waste
crisis by providing a reliable, clean solution to the electricity shortage.
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Case Study I: Germany

Case Study II: Austria

Green Dot System: Prime example of producer responsibility. A
system so successful that it has since been replicated throughout
the European Union countries.

An Austrian biotech company has produced a new high-tech method of waste management that uses fungal enzymes to recycle polyethylene terephthalate (PET)

Germany recycles 56.1% of their waste and ranks #1 in the world as of
2020. In 2006, they landfilled less than 1% of their waste while the US
landfilled 54%. Waste is managed strictly in the sorting facilities, but
people are in charge of managing the waste they produce individually
on a personal level.

The PET is broken down into the building blocks of the enzymes
which are then converted into more high-value polymers

Water is usually purchased in glass containers rather than plastic (though some products are still sold in plastic containers). Once
they’re empty, people bring them back to the supermarket’s automatic
bottle return machines which calculate their refund- usually 8 cents
per glass bottle and 25 cents for plastic. If they don’t want to make the
trip back to the store for a refund, they place them in certain deposit
areas around the city so those who go around collecting bottles for
money can easily pick them up.
Manufacturers and retailers have to pay for a green dot on the packaging of their products- the more packaging, the higher the fee. This
creates an incentive for businesses to reduce packaging and facilitate
recycling. This system reduces the amount of waste by 1 million tons
a year
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Green Dot System

Color-coded bins in the city
Blue for paper: traces of food are not allowed- like pizza boxes- because this creates problems in the recycling process
Brown/Green for biodegradable waste: all leftover food including
uncooked meat and dairy products

By using this method of recycling bioengineered fungal enzymes,
PET plastic can be done naturally and more effectively as 100% of
the material recycled can be used
This was a new method developed to replace the typical incineration
or grinding process that was happening before

Yellow for packaging: such as aluminum, plastic, tin cans, and polystyrene- traces of food are allowed
Black for the rest: like cigarette butts or diapers- but even this category can be reduced down even more by separating hazardous waste
Hazardous Waste: collected at many supermarkets or other specific
collection sites. Throwing these away with normal trash causes poisonous gases to be emitted into the atmosphere when incinerated
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Case Study III: Belgium
75% of their waste is reused, recycled, or composted
The Ecolizer:
A web-based calculator that helps promote sustainable design and
clean low-waste production that enables designers and companies to
assess the environmental impact of their products (GreenTumble).
Takes into account: processing, transport, energy, and waste treatment
The Green Event and Assessment Guide:
Allows organizers to calculate the ecological impact of their events
and is able to prevent waste during them.

underlying principles of the
thesis narrative to the
proposed project

relevance of the precedent analysis to
the proposed project

In the 1970s, Germany had around 50,000 landfills but just 50 years
later, they have less than 200 thanks to stricter regulations/diminished
need. This is possible to achieve in Lebanon and can work in a shorter
period of time due to the smaller scale of the country.

Interdisciplinary and multi-sectoral actions are required including
political will and informed decision making, municipality support
and engagement, health sector alertness, and public awareness
(K2P).

The lack of usable land space in Lebanon for landfills will no longer
be an issue because this recycling process will eliminate most of the
waste and only a small fraction of waste will end up in landfills.

Municipal Solid Waste in Lebanon is composed of 16% paper;
11.5% plastic; 5.5% Metal; 3.5% glass and 52.5% organic waste. Only
15% of the MSW are composted, 8% recycled, 48% landfilled and
29% openly dumped (GMI). 77% of MSW in Lebanon is landfilled
or openly dumped. The goal of this facility is to bring the recycling
percentage up to at least 35%, openly dumped waste to 0%, and
landfilled waste to at-most 25%.

When compared to the rest of the world, Europe has the best reduce,
reuse, and recycling habits. The top three countries with the least
amount of waste generated are all in Europe and are regulated strictly
by the government. All of these countries provide either incentives or
consequences to the citizens to encourage them to recycle and reduce
the amount of packaging or waste they or their businesses produce.
These regulations are excellent examples of what can be done in Lebanon to provide a cleaner environment and allow for real change to
happen. These laws, along with proper education of environmental concerns for the future, should be enough to make a permanent
change and integrate this way of sustainable thinking into the people.
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The waste management facility will clean up the community and
therefore presumably persuade people that this is the best way to
live healthily, and citizens will upkeep their neighborhoods after experiencing the effects of a cleaner and healthier environment. This
project will help educate the mass on the health risks of living in an
environment plagued with waste and will inspire community members to take better care of their neighborhoods. Consider outreach
strategies to raise awareness in the local populations (including

schools) and inspire them to make changes in their lives. Provide them
with recycling bins and advertise/ announce where the collection sites
are located.
The facility can have a branch of people who will go out and physically collect garbage from public areas not belonging to businesses or
private residences (i.e., people who will collect garbage from beaches,
streets, etc.) Consider working with NGOs and local governments to
coordinate garbage cleanup in public areas.
If successful, this facility in Beirut can also be replicated in other parts
of Lebanon (North, and South). All of the governorates in these 3
main areas can coordinate with the facilities and NGOs to clean up as
efficiently as possible.
Additionally, members of the community should be fined for littering.
Police in Lebanon are lethargic and unmotivated (this is a whole other
problem leading to a much bigger discussion about the government
and political interference to approximately everything-> government
intervention and lack thereof & the lack of discipline).

19

01 ./

design theorem:
./6
Lebanon pays over $2 billion
annually to purchase fuel for
EDL and the Lebanese citizen pays at least $300 dollars
monthly to cover both electricity bills; to EDL and to the local
neighborhood generator. These
private generators provide
around 900 MW or 38% of the
electricity consumption in the
country.

general research questions

1. How can we educated people to stop littering and damaging the natural
and built environments?

2. How can innovative educational environments positively impact human behavior and actions by nurturing their understanding of environmental issues?

20
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CopenHill Power Plant
Copenhagen, Denmark
Bjarke Ingels Group

CopenHill opens as a new breed of waste-to-energy plant topped with
a ski slope, hiking trail and climbing wall, embodying the notion of
hedonistic sustainability while aligning with Copenhagen’s goal of becoming the world’s first carbon-neutral city by 2025. CopenHill is a
41,000m2 waste-to-energy plant with an urban recreation center and
environmental education hub, turning social infrastructure into an
architectural landmark.
CopenHill is conceived as a public infrastructure with intended social side-effects from day one. Replacing the adjacent 50-year old
waste-to-energy plant with Amager Ressourcecenter (ARC), CopenHill’s new waste incinerating facilities integrate the latest technologies
in waste treatment and energy production. Due to its location on the
industrial waterfront of Amager, where raw industrial facilities have
become the site for extreme sports from wakeboarding to go-kart racing, the new power plant adds skiing, hiking and rock climbing to
thrill seekers’ wish lists.
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program

three pists

facade

slope access

skiiable waste-to-energy plant
alpine skiing in copenhagen

The internal volumes of the power plant are determined by the precise positioning and organization of its machinery in height order,
creating an efficient, sloping rooftop fit for a 9,000m2 ski terrain.
Skiers ascend the park from the platter lift, carpet lifts or glass elevator for a glimpse inside the 24-hour operations of a waste incinerator.
Beneath the slopes, whirring furnaces, steam, and turbines convert
440,000 tons of waste annually into enough clean energy to deliver
electricity and district heating for 150,000 homes. The necessities
of the power plant to complete this task, from ventilation shafts to
air-intakes, help create the varied topography of a mountain; a manmade landscape created in the encounter between the needs from
below and the desires from above. Ten floors of administrative space
are occupied by the ARC team, including a 600m2 education center
for academic tours, workshops and sustainability conferences.

green walls

a walk in the park

Comparative Precedent
Analytics in Support
of Project Type (1)
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hierarchy

site plan

geometry
original sketches

plan

Bozen Waste-to-Energy Plant
Bolzano, Italy
Cl&aa Architects

The complex consists of two main bodies of different height for a total area of 25,000 square meters, oriented to the highway and river.
Turbines and transformer rooms are screened by an aluminium green
skin, that acts also as a noise barrier. To their side is the building
of offices: a glazed volume with a sloping profile opening toward the
countryside; inside it, a small greenhouse.
The second volume hosts furnace and boiler, coated with green plate
on which many small windows are open, and the concrete building of
the waste pit.The tipping hall volume has external translucide green
polycarbonate walls. Great attention was also paid to use of colors in
the interior spaces: every color corresponds to a different zone.
Green roof technology has been used for roofing and the internal
courts. Finally the design dealed with landscaping of external areas:
parking, green areas.
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The plant is able to process 130,000 tons of combustible waste and it’s
designed to provide 20,000 homes with heating and electricity

facade

1. There’s only one main combustion zone. From the waste pit, waste
is delivered into the feed hopper before it reaches the incineration
section via a water cooled pipe. Solid remains are sent out for recycling.
2. The plant has and efficient air pollution control system. Flue gas
treatment consists of the following sections: electrostatic precipitator, SCR (selective catalytic reduction) DeNOx system, residual heat
recovery, wet scrubber, and bag filters.

program

3. Before it leaves the plant, a continuous measurement system
checks conformity with stringent emissions requirements. The energy released during combustion is transferred into the steam/water
circulation loop.
4. Energy recovered from combustion in the form of steam is converted into electrical power and district heat.

section

Comparative Precedent
Analytics in Support
of Project Type (2)
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circulation

Shamim Polymer Factory

geometry

symmetry & balance

interior material and mechanical context

Alborz Province, Iran
Davood Boroojeni Office

The project proposal is related to a factory for the production of polymeric materials. The factory has a production, office and research department. The project land is approximately square like (60 meters
long and 50 meters wide) is limited to the neighbor in the north and
west and to the street in the south and east. This land with an area of
three thousand square meters is located in a small industrial town in
Alborz province of Iran. The lack of architectural separation for different work activities in Iranian factories is the major reason for the
low quality of living spaces for such functions.
As a factory has multiple work spaces and houses a range of staff from
laborer to lab specialists, the architectural quality of connecting spaces which also plays the role of separating different activity areas is
of crucial importance. However, majority of industrial buildings in
Iran have integrated structure and the only dividing area for different
functions are interior walls.
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This project seeks to solve this problem by increasing sense of connecting spaces to improve the quality of life of factory workers. The
concept of this complex took place in two outdoor void spaces perpendicular to each other. One void stretches south to north and the
other empty space stretches east to west.

plan

natural light

The geometry of these void spaces makes separation of different
parts possible and acts as a middle courtyard for connecting different areas with each other. Human dimensions, open air, light and
shadow, green space and color increase the sense of middle courtyard. Different sections with glass walls or windows overlook the
middle courtyard and improve its psychological security.
In choosing construction materials, their purity has been considered. Floors are made of concrete and steel, walls are made of prefabricated concrete blocks, glass and prefabricated concrete panels, and
stairs are made of cast in place concrete without any other materials.

units to whole

massing

hierarchy

Comparative Precedent
Analytics in Support
of Project Type (3)
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symmetry & balance

units to whole

natural light

Ensamble Factory

geometry

interior and structural qualities

Madrid, Spain
Ensamble Studio

Ensamble Fabrica is the new prototyping facility and fabrication laboratory of Ensamble Studio in Madrid. Besides serving its purpose as
a work place, it is a proof of concept that tests the hybrid steel-concrete construction technology our firm has developed in the past
years, meant to innovate the way in which high-rise and long span
structures are built, using prefabrication. The building is composed of
twelve porticos, has a volume of 58x18x12m (length x width x height)
and includes an open, four-story high hangar as well as office and other support spaces. The galvanized steel formwork that makes trusses
and columns is light and easy to fabricate and assemble to its final
position, when it is filled with concrete and becomes a monolithic
structure. This building in its making and future activity is meant to
transform the way in which buildings are typically designed, engineered and built. Today the construction industry is one of the most
obsolete and reticent to innovate. Buildings are built like decades ago.
We transport the materials, tools and people to the place where the
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building is erected, the work is done locally, many times under adverse weather and working conditions; and the whole process is
highly inefficient. The building is subject to the availability and market of the place where it lies, conditioned by it.
circulation

All this has limited the incorporation of the most advanced technologies of digital manufacturing, automation and robotics to the
construction processes, that are mostly redundant and mechanical.
Something that in other industries guarantees quality, efficiency, safety
and economy, in construction still seems a distant dream. After years
working as architects, builders and more recently, manufacturers of
our own works, Ensamble Fabrica will be equipped to support our
endeavors and projects, develop the spaces we dream of, delivering
building parts to be quickly, safely and efficiently assembled in-site,
anywhere in the world.
sections

additive & subtractive

Comparative Precedent
Analytics in Support
of Project Type (4)
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elevation

natural light

Collection Center for Recyclable Materials

exterior building facade

Schweinern, Austria
RUHM Architekten

This center for recycling and waste management is a project of the
community association for environmental protection of St. Pölten in
Lower Austria, with one objective: to turn former rubbish-disposal
areas into a user-friendly infrastructure for the collection and separation of recyclable materials in the local community, space that keeps
our cities, towns, and lives functioning as they should. The project
consists of two structures: wood and concrete service building - public area raised 1.70 m above the operational area, visually linked by
a lower concrete wall. According to the building’s purpose and the
client’s zero-waste approach, the choice of materials was done in the
most ecological, resource-saving, and low impact way possible, large
parts are built as structures from laminated wood, safety areas are
made of reinforced concrete with steel columns, whereas all the used
insulation is ecological. An energy-efficient, solar-powered, green
roof overhangs the structure creating shade, covered with vegetation
collecting rainwater.
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The operation’s logistics were the main design criteria. The main part
of the building is of an open character, according to its function.
The long horizontal structure mirrors the circulation of vehicles and
processes of waste management, intuitively planned for maximum
efficiency, essentially ensuring sufficient slots for the waste containers and uninterrupted traffic flow, so as maneuvering area for operations. The collection containers are filled on-site by the customers
and afterward transported away by the disposal company for further
processing. To ensure weather protection for the groupage and the
loading processes, the area of the collection containers is covered.
The main façade towards the public area as well as the operation
area is open and the managing office is thoughtfully integrated into
the middle, enabling a better overview of the processes. In separate
areas are planned the disposal of oil, batteries, electrical and hazardous waste, furthermore, the building is supplemented by a covered
loading area for green waste and compost.

massing

circulation

balance

structure

hierarchy

additive & subtractive

Comparative Precedent
Analytics in Support
of Project Type (5)
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original sketches

Energy Ring

Shenzhen, China
Schmidt Hammer Lassen Architects
Located on the outskirts of Shenzhen, Energy Ring will incinerate
5,000 tons of waste per day, generating 550 million kWh every year.
With a population of 20 million, Shenzhen produces 15,000 tons of
waste per day, a number that is increasing approximately 7% per year.
To counteract this, Shenzhen Energy wished to build a new plant that
uses the most advanced technological processes in waste incineration
and acts as a source of education for the city’s citizens.
From the outset, the goal was to design a waste-to-energy plant that is
simple, clean, iconic and a deserved indicator of the forward thinking
developments that are being made within the waste-to-energy sector
in China, and how this can be portrayed not only to the surrounding
residents of Shenzhen but to the world.
By proposing a clean circular form, the footprint of the plant is controlled and reduces the amount of excavation required to build on the
site. When complete, the Shenzhen East Waste-to-Energy Plant will

32

be the largest of its kind in the world.

construction process

intelligent plug-in roof system

thematic landscape strips radiate around the plant

The 66,000 square-meter roof is designed to be covered by up to
44,000 square-meter of photovoltaic panels providing the opportunity for the plant to not only provide a cleaner way to deal with the
city’s waste but also contribute to the renewable energy provision
for the city. The scheme organises the entire plant, including auxiliary buildings, into one circular building - breaking with the traditional rectangular layout of industrial facilities.

program

Public visitors are invited into Energy Ring through a landscaped
park, via an entrance bridge that rises between the stacks to an entrance lobby and visitor centre overlooking the plant machinery.
Detailed design work began in early 2016, and the plant is scheduled
to go live in 2022.

facade opening to circulation

visitor experience

Comparative Precedent
Analytics in Support
of Project Type (6)
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project analytics:
./1
specific research questions

1. How can we design an architectural prototype that converts waste to clean energy?

2. How can Beirut’s waste and energy crisis be improved through the design of an architectural prototype which transforms (un)recyclable materials to electricity and heat?

3. How can Beirut’s Burden educate current and future generations of Lebanon to slow
down waste production and damaging the natural and built environments?
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project analytics:
./2
waste-to-energy process

waste:

combustion:

Unwanted materials that are typically unusable or unwanted. Burning waste can lead to volume reduction of up to 95%

The process of burning something. Incineration is a waste treatment process that involves the combustion of substances contained in waste materials.

waste that can be burned safely:
paper, cardboard, food scraps, plastics, yard trimmings, metals, glass, wood, medical waste

waste-heat boiler:

waste that cannot be burned safely:
radioactive wastes, mercury thermometers, hazardous chemicals, any waste containing chlorine, sulfer,
nitrogen and toxic metals

A steam boiler in which waste heat is used to evaporate water into steam. Waste-Heat Recovery Boiler
is a system which recovers various kinds of waste-heat generated from the production process of steel,
non-ferrous metal, chemical, cement etc. and convert such recovered heat into useful and effective
thermal energy.

recycling:
Recovery, processing, and refining of materials in the waste stream to create new products
recyclables:
plastics, cardboard, paper, aluminum, glass
nonrecyclables:
film plastics, yard trimmings, foam, food or liquid, hazardous waste

bag house:
An air pollution control device that removes particulates out of air or gas released from commercial
processes or combustion for electricity generation. Baghouses have a particulate collection efficiency
of 99%, even when particle size is very small.

induction fan:
bottom ash:
The coarse, granular, incombustible by-product of coal combustion that is collected from the bottom of furnaces. Most bottom ash is produced at coal-fired power plants. About 30% of bottom ash
is re-purposed and recycled in a variety of ways. Most recycled bottom ash is used for snow and ice
control, as a road base, structural fill material, or a raw feed material for some cements. Bottom ash can
also be added into hot asphalt, however, it is a fairly fine powder and has a low durability. Because of
this there is usually a sifting process to collect the larger particles when used in asphalt.

A type of fan that blows air at high speed from a discharge nozzle, draws in the surrounding air to
make air currents and transports or mixes the air to conduct even air conditioning or ventilation.

steam drum:

steam turbine:

A reservoir of water/steam at the top end of
the water tubes. The drum stores the steam
generated in the water tubes and acts as a
phase-separator for the steam/water mixture.

A machine that extracts thermal energy from
pressurized steam and uses it to do mechanical work on a rotating output shaft.

fly ash:
A coal combustion product. It is part of a set of products that makes up the most abundant waste materials worldwide. If not collected, this waste material is blown out with the flue gas in a coal fired power
plant. About 90% of the ash is fly ash, while 10% is bottom ash. Fly ash is composed of tiny, airborne
particles and is thus considered to be a type of particulate matter or particle pollution.
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project analytics:

comparative value analysis of selected sites to the proposed project type
selected site

./3
considered site locations
SITE 1 | Haouch El Oumaraa, Lebanon
33.8243738, 35.9201541

SITE 2 | Wadi El Aarayech, Lebanon
33.8587412, 35.8944821

SITE 3 | Beirut, Lebanon
33.884856, 35.475972

SITE 1 | Haouch El Oumaraa, Lebanon
33.8243738, 35.9201541

SITE 2 | Wadi El Aarayech, Lebanon
33.8587412, 35.8944821

SITE 3 | Raouche Beirut, Lebanon
34.3134079, 36.3706915

Values:

Values:

Values:

Located in a mountainous region in Bekaa Valley (good for windmills) and away from the busy city while remaining in Zahle

Near the Berdawni River, has potential for hydro-power

Right on the coast, has potential for hydro-power and wind power

In Bekaa Valley- lots of agricultural potential and open land for
construction

Near a famous tourist attraction- Raouche- which will bring international attention from tourism

Close to the Syrian Border- can provide jobs for refugees

In the capital which will allow for maximum exposure to the public

Lots of empty land surrounding it- possibility for expansion

Close to many universities and schools which will positively impact
the next generations and serve as a learning point for students

Located away from the residential area- in the industrial/factory
hub of Bekaa Valley (Madina El Sinaiyya)
Located closer to the area where Syrian refugee tents are set upcan provide them with jobs
Lots of empty lots around it which can be used for wind power
Site is flat which is good for construction
There are mountainous areas north of the site which can be used to
harness wind for energy
Litani River is nearby- can be used for hydro-power

Highest altitude, it’s placed on a hill which can have certain pros
and cons

Site is visible from the airplane which will immediatly catch the attention of anyone visiting who is looking out the window
Largest site, approx. 670 x 500 ft, equal to 7.7 acres
Facing a populated highway which will allow for exposure from drivers along the key spine
Located in a commercial and residential area which will be good for
providing jobs to locals
Ocean water will be desalinized on-site and re-purposed in the steam
drum to produce electricity
Rainwater runoff can be either collected for gray water usage (watering courtyard and restroom use) or naturally streams back into the
ocean
Nice view of Mediterranean Sea- attraction to locals and tourists
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project analytics:
./4
macro site analysis

general building typologies

40

educational program

41

surrounding buildings

Dolphin Royal Suites

Lancaster Plaza

Movenpick Hotel
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Grand Cafe

Rouche Views
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project analytics:
./5
COTE Top Ten Measures
Design for Integration: This project demonstrates a high level of sustainable performance
while integrating seamlessly into the culture and daily lives of citizens. Public engagement
is critical and is achieved through technology, education, and community.
Design for Equitable Communities: This will not only to serve as a precedent for future
projects, but will educate the public about their wasteful behaviors. Habits changing is the
only way to reach a long-term solution.
Design for Ecosystems: Courtyards hold fruit-bearing trees and other native plantings such
as olive trees, fig trees, grapevines, and palm trees. There is also a solar farm and a wind
farm located by the coast.
Design for Water: To reduce the risk of flooding, parking is made of porous concrete.
This allows water to be absorbed through the gravel and released into the Meditteranean
Sea. Rainwater is captured and recycled for re-use in the machine system. With proper
filtration, clean rainwater is used for the steam drum to generate electricity. The rainwater
collection system will produce gray-water which is used for green space irrigation or restrooms within the building.
Design for Economy: The building produces electricity on-site, so the same electricity can
be used to power the building. Waste inputs are the largest form of energy-creation so the
outputs can be redirected to the building itself to power lights and machinery. It will not
rely on government generators like other businesses and homes.
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Design for Energy: The energy required to power this building is generated on-site through
waste input. The range of net electrical energy that can be produced is about 500 to 600
kWh of electricity per ton of waste incinerated. The average person produces about 4.9
lbs of waste per day and Beirut’s population is 2.4 million, therefore Beirut produces
about 11.76 million lbs of waste per day, or 5,880 tons.
Design for Well-Being: Pollution is a big issue in Beirut and the outdoor air quality is very
poor. To resolve this issue, the building will be coated with titanium dioxide which will
work as an outdoor air quality control system.
Design for Resources: The construction process will operate on zero waste which will be
accommodated by placement of central waste stations for trash and recycling. Materials
can then be saved for re-use in the factory and incinerated for power.
Design for Change: In case of crisis or electricity black-outs, the electricity generated can
be directed to surrounding communities, homes, or hospitals, and provide people with
enough power for neccessities.
Design for Discovery: Educational program for guest tours are located within the machinery that physically generates electricity. This method of learning by observing the process
has been proven to be more effective in teaching than the typical classroom set-up. The
tours will show people how this process is done first-hand and what the outcomes are.
Non-traditional classrooms will be topic-specific, such as learning about recycling while
watching the process, learning how to change harmful lifestyle habits, or easy ways to reuse containers at home.
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project analytics:
orthographics

./6

south section
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east section
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lower level plan
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upper level plan
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