Developing a Sustainability Plan for
Hammams in Morocco

An Interactive Qualifying Project
submitted to the Faculty of
WORCESTER POLYTECHNIC INSTITUTE
in partial fulfilment of the requirements for the
degree of Bachelor @cience

by
Payton S. Bielawski
Nathan S. Kaplan
Brian C. Preiss
Alyssa J. Sousa
Rebekah J. Vernon

Date:
8 March 2020

Report Submitted to:

Mr. Abdelhadi Bennis
Association Ribat AFath

Professor Laura Roberts
Professor Mohammed El Hamzaoui
Worcester Polytechnic Institute

This report represents work of WPI undergraduate students submitted to the faculty as evidence
of a degree requirement. WPI routinely publishes tihegerts on its web site without editorial
or peer review. For more information about the projects program at WPI, see
http://www.wpi.edu/Academics/Project



http://www.wpi.edu/Academics/Projects
http://www.wpi.edu/Academics/Projects

Figure 1: Argan shells serve as a sustainable fuel option for Hammam fue
(Sebastian Caselier and Al Jazeera, 2016)

Abstract

Moroccods unique geograph

environmental conditions throughout the country, including
problems with water scarcity, deforestation, and desertification
Working with Association Ribat AFath, our team outlined a
sustainable improvement plan for Moroccan public bathhouses
known as Hammams, to combat these national issues on a loc
level. A altural tenant, the bathing ritual will never change;
however, the sustainability of the institution must. Through
extensive modeling, our team analyzed the different resource
management systems in Hammams to produce a set of
recommendations that not omyitigates the environmental
impacts of the industry but also bolsters the Moroccan econo

through the creation of new jobs and market sectors.
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Executive Summary

Since the implementation of the 2015 Paris Climate Agreement, the world has tirelessly worked to reverse the effects of
climate change through the use of sustainable technologies and innovations, however, few countries are as determinedmms Morocco |
lowering their carbon footprint (Kathir, 2016). The rise in global average temperature combined with a history of p@er resour
management has left Morocco with an abundance of issues including water scarcity, deforestation, and desertificatibie. One of t
major contributors to this problem is cultural institutions cemented in tradition, such as the Hammam, which contirmédatede

and inefficient water practices and heating methods.

Figure 2: Traditional male hammam (Rolling Stone Itali

The Moroccan Hammam

The Hammam, or the public bathhouse, is a critical element of every
Moroccan neighborhood. Traditionally, the Hammam existed as a religious
necessity, allowing practicing Muslims to be in a state of major ritual
cleansing, prior tooFriday,dhe dagaf prdyerofadayt h e Q
the Hammam still holds an important religious function, however it has also
gained a cultural and physical role, allowing Moroccans to both socialize and
physically cleanse themselves. When visiting the Hammam, Moroacans
often unaware that the way in which they interact with space is detrimental to

the environmentAs such to address the flaws of the traditional Hammam, we

must reengineer the institution instead of its user.



Environmental Impacts of Hammams

The commitment to tradition in Hammams has led to Figure 3: A truck filled with cedar to be used as fuel (Sebastian Cas'
and Al Jazeera, 2016)

outdated management styles that waste an excessive amou

resources and puts a strain on the environment. In order to h
the vast amounts of water and steam required for the bathing
ritual, Hammamsise a staggering amount of wood to fuel the
furnaces. Woodharvested from the already scarce forests
furthers deforestation, and farn contributes to land degradatio
and desertification. When it comes to water, patrons average,
over one hundred liters per visit, partly because traditional
Hammams heat water beyond a comfortable temperature,
requiring bathers to cool the water therasslby mixing the
overheated water with cold water. Additionally, greywater
waste from Hammams contaminates local groundwater supps
with chemicals found in soaps and shampoos. Finally, due to'Tf :

furnace setup used, those fueling theefface dangers conditions, including backfire and smoke inhalation, the latter of which

directly affects the surrounding communities. With all these environmental impacts and health risks taken into congideration,
apparent that a change to the current managemethiods of traditional Hammams is necessary. Even though the Hammam is still an
essential aspect of Moroccan culture, there is rarely consideration amongst Hammam owners for resource managemerdrsr the dang

this service poses to the environment. Luckihere may be options for mitigating the detrimental effects of Hammams.



Sponsor- Association Ribat AFFath

Association Ribat AFath is a norgovernment organization based in Rabat, Morocco with the goal of promoting sustainable
living and environmenta | earning while fostering Moroccan culture and het
conjunction with Dr. Khadija Kadiri and her cooperative, Istimam Waraha, focuses on reengineering the Hammam into a more
sustainable institution. Thedm assisted this project with the creation of a robust economic and environmental model to aid in the

discovery of the best overall upgrade plan.

Sustainable Technologies in Hammams

A handful of Hammams owners have begun implementing sustainable inmsuatibeir business, including alternative
energy sources, improved water management systems, and modern lighting technologies. In collaboration with these pilet Hammam
our sponsors have not only been working to advocate the benefits of sustainabt@Eresamagement systems, but also to further the
existing researchsingmorecutting-edge technologies. One such instance is the solar water heater Drir{pldimnented in her
Hammam, which reduced her fuel usage by over 90% in summer months. While these organizations and individual Hammam owners
have taken an initiative to provide more sustainable options for Hammams, there has yet to be a single sbhddretkes water

management, heating efficiency, and lighting management.

Project Overview
The goal of this project was to make recommendations to Association RiBatiAto aid in the creation of more sustainable
management methods for Hammams in dboo. The following objectives were created to achieve this goal.
1. Understand the financials, heating methods, and resource management of Hammams throughout Morocco.
2. Model and quantify the sustainability of the heating systems in Hammames.

3. Prepare recommentians for guiding Hammams towards more sustainable operations based on our data analysis.



Having completed extensive archival research prior to arriving in Morocco, the team realized the missing information could
only be obtained by visiting a diverseession of Hammams and delving into their unique situations. Through collaboration with our
sponsor, the team identified six Hammams in the R&h&Kenitra region and two in Casablanca with varying combinations of
boiler setups, fuel sources, and managanstrategies for an assorted collection of data. We then conductestserured
interviews with the owners of each Hammam selected to collect data on current heating methods, expenses, energyngsage, lighti
techniques and water usage.

In order to quantify the benefits of a sustainable Hammam, the team compiled the raw data collected frorsthetesd
interviews with Hammam omers into two detailed models. These models used the data from the Hammam owners to calculate the
energy and economic efficiency of different configurations and management styles. The calculations done by these nmbgels not o
provided numerical justificain for the benefits of modernizindgammams butould also be used by Association Ribatfalth to
encourage change in the Hammam sector. The findings gathered from these comparison models and interview results wlere then use
to produce a set of recommetidas for the Association and for future research.

_ . Figure 4: The project team and sponsors during a site visit
Project Deliverables Hammam in Kenitra, Morocco

At the conclusion of this project, Association RibatFAdthwas

presented with a comprehensive spreadsheet and aanmaasis of

for the continuation of research on this topic.
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Heating Method Findings

During semistructured interviews, many Hammawners described wood as a dirty fuel that releases a considerable amount
of ash and smoke, which not only leads to equipment deterioration but, also creates health risks for the employete thag. fuel
The wood produces about a 10% ash yield pegkam burned, which negatively impacts the heating system efficiency and adds
another expense to dispose of the ash. In Morocco wood is sold at 0.8

Figure 5: Traditional Hammam furnace made of clay and
MAD/Kg; however, the wood is wet and covered in dirt, adding to the weigsalt crystal

and reducing the overall efficiey of the fuel by 40%. However, biomass fue .
such as argan shells were observed to produce no carbon emissions and
no ash when used in a proper heating system, meaning that as a fuel, argi =
shells burn more efficiently than wood. The energy balamogel calculated .
that a traditional furnace fueled by biomass fuels is at worst 1.3 times mor,
efficient than its wood counterpart, saving up to 60,000 MAD a year.

The benefits of switching to a biomass fuel can be increased by
incorporating a modern beit into the heating system. Anecdotal data from
interviews with Hammam owners revealed that traditional clay furnaces lo
over 30% of their energy to the environment, resulting in insufficient

temperatures necessary to burn fuel to completion, thus yastergy and

money. Our models showed that upgrading to both a modern boiler and
biomass fuel improves efficiency by 60% compared to a traditional system, saving at least 73,000 MAD a year.

The system can be further improved by implementing an automatiddiivery system in the boiler. The feeding system
distributes fuel directly into the fire, concentrating the material in the center of the flame and allowing it to bunplét@onBy

removing the need to open the door to fuel the fire, a feeditgnsysot only mitigates ambient heat loss from the boiler, but also

Vil



provides a safer working environment for Hammam employees by limiting their exposure to heat and smoke. dnstaltmgatic
feeding system alongside a modern boiler fueled by argals gheklice as efficient as the traditional wefaed furnace, saving
85,000 MAD a year.

Implementing a solar heating array lowers fuel expenses by reducing the amount of energy required to maintain water
temperature throughout a hot day. The system svbykdistributing water amongst a set of glass pipes, allowing solar radiation to
heat it, then pumping the hot water into faucets inside the bathing rooms. Based on the anecdotal information from one of the
Hammams interviewed, this method of heatingsavean aver age of 30,000 MAD annually in
reliability and reliance on clear weather, the use of a solar heating array cannot be the only heating method usedmarimebidam

it serves as an excellent addition for bettvironmental and economic gain.

Figure 6: On average, Hammam patrons will u:
over 100 L of water per visit

Water Management Findings

Typically, in a traditional Hammam, the water heated by the boiler is

~ distributed directly to the faucets for clientele use. This water leaves the faucets at an

e |

‘:5' uncomfortably high temperature, forcing clients to recool it with additional water

\ before using it to bae. Two model sustainable Hammams successfully implemented
i a water mixing system that reduces water waste by mixing water directly off the
boiler with cold water to an optimal temperature before distributing the water
throughout the Hammam. Owners of btdthse Hammams stated that after
implementing a mixing system, they noticed a decrease in wasted water, reducing

21 expenses and environmental impact.
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Lighting Technique Findings Figure 7: Glass gamariyyat lights on the
roof of a Hammam in Rabat, Morocco

Hammams use unique combinations of natural and artificial lights, depending on t

location, roof access, and floor plan. When natural lighting is used, it often comes throug
square panel skylights. This method not onlgnbodiffuses light into the space, but also
causes the skylights to easily fog over entr
interview at one of the Rabat Hammams, revealed that switching from flat square panel =%
skylights to the gamariyydights, or convex glass domes that diffuse light into the space,
greatly increased the amount of light within the Hammam. Furthermore, at the same Har}

solar panels located on the roof charged batteries during the day, which in turn powered -

lights at night. Through a combination of natural gamariyyat lighting and solar power, this. =
Hammam eliminated electricity costs for lighting.

Recommendations

The foll owing tables detail t he t-EathmardCoopeetveighane\Wadaha i ons f o
based on the findings developed from our data analysis. The recommendations in this section include heating systemaipgrades,
saving techniques, lighting improvements, and general management recommendations.

Based on t he nderemymlaneecnmdels, improving the heating systems in Hammams will reduce their

expenses as well as their environmental impact



Heating system upgrades

Use biomass fuel Burning wood is inefficient, produces hazardbyproducts, and drives
in place of wood| desertification. On the contrary, biomass is efficient, clean, and a sustainable re

in Morocco.
Implement a Traditional furnaces are inefficient due to high amounts of ambient heat loss.
modern boiler | Switching to anodern boiler improves the system efficiency and thereby reduces
expenses.
Implement a Using a feeding system improves worker safety and system efficiency by eliming

feeding system | the need to open the furnace door to fuel the fire. fHtiaces the amount of heat lo
and amount of fuel used.

Use proper fuel | Proper fuel storage assures that moisture and other unwanted substances do n
storage methodg contaminate the fuel, thereby lowering the efficiency and producing asmanic.

Based on data from sessiructured interviews the team recommends that Hammams implement the following water saving

techniques to reduce the amountaistewater

Water saving techniques

Install a water Clients create waste trying mix the hot and cold water to the perfect temperat
mixing system By implementing a water mixing system the water enters the Hammam at the
temperature eliminating the need to mix water.

Switch to automatid By using automatic or metered faucets water usage can be measured and re
or meteredaucets | minimizing wastewater

Based on observations and anecdotal data the team recommends the following lighting improvements to reduce electricity

usage in Hammams.



Lighti ng improvements

Replace skylights | By replacing the standard flat skylights with gamariyhgtits, or dome diffusion
with light diffusion | lights, the lighting inside the Hammam will be drastically improved, as the dor

domes geometry allows for natural light to cut through the steam of the Hammam.
Utilize solar Installing solar panels and attaching thien.ED lights in the Hammam will
powered lights reduce electricity costs. The solar panels power artificial lights when natural li

not accessible, cutting energy usage.

Based on findings from Hammam visits the team recommends the following geaadement improvemestb streamline

the operations of Hammarasd allow for the implementation of other recommendations listed

General management recommendations

Implement a tracking Many Hammam owners are unaware of how their Hammams operate
system therefore, implementing a tracking system will allow them to track thein
financial data and utility usage to assist with future system upgrades.

Provide safety equipmer| Working ina boiler room poses many health risks for the employees, s
for employees as smoke inhalation and potential burns, making it important to providg
them with the protection they need

Implement an educationf{ Hammam owners haueeen hesitant to implement aspects of modern
program to train heating systems because of the lack of professionals to service these
Hammam mechanics systems. By implementing educational programs to train professionals
Hammam owners can receive the support they need to maintain their
equiprent while also creating new jobs.

Xi



Implement an artisan An artisan certification program will make it easy for Hammam owners
certification program find skilled and trustworthy laborers who can not only install the compl
systems required by a sustaileBlammam, but also innovate on the
current technology.

Promote environmental | By informing Hammam owners of the environmental issues their busin
awareness pose and effects it can have in their communities they will be more likg
implement new technologies to mitigate their impact

Conclusion
Our project made recommendations to Association Rib&tafth and Cooperative Istijmam Warghat will lead to the

implementation of more sustainable management methods in Hammams around Morocco. The realization of these recommendations
will reduce both operating expenses and environmental impact of Hammams. However, it is important to maicuéinal

significance of the institution, such that tradition is not buried in modernization. Not only do Hammams play an e$igémtisroée

in Islam, but they also serve as a social outlet and physical service station for many Moroccans.

While conducting our research, the team identified many potential changes that can be implemented in Hammams throughout
the country in order to mitigate their environmental impact. The recommended upgrades may be made implemented collectively or
individually, degnding on the current conditions of the Hammam, as each bath is unique in its setup and management methods. With
the fulfillment of these recommendations, Hammam owners will not only contribute towards sawngitbement buwill also
enjoy financial lenefits. By modernizing Hammams, job availability in Morocco will increase, due to the creation of a new economic
sector for Hammam equipment, and bolsterguisting industries, such as the argan oil and olive oil industries, whose byproducts
may now besold as a fuel source.

Climate change is too large a problem for any individual, corporation, or nation to address. However, directed effdits by sma
groups like Association Ribat Atathcan work towards a greener future, and it is the sum of these changes that will have a lasting

global impact.
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: overall upgrade plan while advertising it to Hammam owners.
1. Introduction porade p g
The following chapters will detail the background information

Climate change is one of the most pressing issues in the gpout Hammams and the shortcomings of the current systems,

modern global landscape. Not only does it present obvious the methdology detailing the procedure followed to develop

extrinsic dangers in the form of extne temperatures and possible solutions, and the tean
weather events, but the increased global average temperature  racommendations to mitigate the environmental impact of

leads to rising sekevels, lower agricultural yields, and a Hammams.

decrease in the worl dodos biodiver it v N Moy A~ ~A tha public

1
Figure 8: Hammam hidden in the streets of Fez, Morocc

bath house, known as a Hammam, often unknowinglyesas

i
an excessive amount of energy and water. Currently, these
traditional Hammams heat water and steam with wood as their
main fuel source, releasing dangerous particles and carbon into
the atmosphere and creating an unsafe environment for both
the local ommunities and the employees fueling the boilers.
Furthermore, the excess use of resources in Hammams
introduces major concerns such as the desertification of the
country. However, a few Hammams have begun experimenting
with modern heating technologiesteahative fuel sources and
solar lighting techniques. As such, a Moroccan NGO,
Association Ribat AFath, has prioritized reengineering the
Hammams into a more sustainable institution. This project
assisted the association with the creation of a robusbeto

and environmental model to aid in the discovery of the best



fossil fuels, contribute to air pollution, increased level€0R,
2. Background P
and ozone layer damag@@ooper, 2012)Deforestation
This chapter provides the background information compounds these effects by reducing the amount of trees that

necessary tanderstand the problems posed by traditional convert free CO2 back into oxygefurthermoredeforestation

environmental crisis is first explained as it relates to traditional  gecrease in biodiversity, and heightened levels of soil

heating methods, energy use, and water use. Next, the cultural gegradation (IUCN, 2018). More sustainable practices are

significance of trational Moroccan Hammams is discussed,as pneces s ar y to combat these issues
maintaining this significance is an important consideration in to enact change due to a laxfkcost or resources. Although no

any potential solution. Environmental impacts of Hammams  sjngle country, person, or institution is responsible for climate

are then explained, as well as existing research and alternative change, the crisis at hand requires immediate collective action,

heating methods that haveess$er impact on the environment. and there are many small changes that can be made by

Finally, the need for our project in conjunction with the efforts  jndividuals in order to preserve thatural environment.
of Association Ribat AFath is explained, as we work towards
the goal of analyzing more sustainable heating methods for 2.2 Environmental Conditions in Morocco

traditional Hammams in Rabat, Moracc Morocco is located on the Northwest coast of Africa,
bordered by the Atlantic Ocean and the Mediterranean Sea, as
2.1 Global Climate Change well as Algeria to the East and the Western Sahara Desert to

Global industrialization and modernization have the southCIA, 2018. It has Mediterranean climate, and

resulted in changes in average air temperatures leading to forests are plentiful in the northern region of the country and

rising sea levels, and an increase in the frequency of drastic along the Atlas Mountains in the interior. In the south there is

weather events. The use of nonrenewable resources,sucha ~ Much less vegetation, as the country gradually fades into the

Sahara Desert.



Currently, Morocco faces multiple environmental issues
including land degradation, desertification, and water and soil
pollution (CIA, 2018). Morocco is considered a wedearce
country due to dry climate conditions and dwindling water
reserves, which have led tompling droughts in recent years
(US AID, 2019). Droughts in Morocco have been increasing in

both frequency aniohtensity andare predicted to continue to

increase for the next 20 years if preventative measures are not

taken soon. (ICBA, 2018). This poseprablem for Moroccan
society, as clean water resources are a necessity for many
societal institutions. Due to a lack of government restrictions
on industrial practices, industrial wastes are often dumped into
the soil, the ocean, or inland water resouregsch contributes
to pollution of the water that is present (CIA, 20XHhally,

wood is the primary source of fuel for heating in Morocco,
with almost every home, business, etc. using it for heat. As
explained in the previous section, this reliancevood
contributes to increased atmospheric CO2, and the climate
change crisis. A study done at the Al Akhawayn University in
Morocco showed that CO2 emissionsMorocco had already
reached about 60 million tons in 2014, while it was only about
15 million tons in 1980 (Soufiane, & Khaldoun, 2018).

Figure 9: A field near Fez, Morocco that used to be covered in trees,
but has since been cleared for firewood

Furthermoreaccording to the Mongabaleforestation
statistics, Morocco has about 102.3 million acres of forested
area throughout the country, which is not nearly enough to
power the entire countryaos
although many forests are being expanded, not much is being
done to protect them. Due to this lack of energy resources,
Morocco imports a large amount of its energy from foreign
countries, but this is too expensive for many small businesses
to afford.

Following the 2015 Paris Climate Agreement, Morocco
has adopteg@lans for a more sustainable future in order to

combat climate change and lower their carbon footprint.

fuel



Morocco was the first Arab nation to submit their intended bath house, servéisree such roles: physical, spiritual, and
nationally determined contribution and their aggressive plans  social.

for reducing emissions by 50By 2025, which would make it Before the Hammam can be examined as a cultural
the most progressive African country in the fight against the service node, it is critical to understand how someone

climate change crisis. While Morocco continues to prevent physically interacts with the space. When a customer first
environment al degradati on wi talrivesata Hammamotiney may a1 entrdedend thbeo nove r vy 6 s
limited access to sustainable technologiesgaits these into a reception and changing area where they can prepare

efforts. Environmental NGOs within the country work to themselves for the bathing experience (Sibley, 2007). Once

combat climate change by taking small, but intelligent steps to undressed, they walk into the hottest of three rooms, where
improve the sustainability of various aspects of Moroccan daily they will spend time sweating and rinsing themselves with hot
life. One Moroccan institution whose sustainability can be water. Next, visitors move into the warm washing chamber,
improved is the public bath house, or the Hammam. where they wash themselves down with soapy water and a

studded glove. Finally, a customer will move into the coldest
2.3 What is a Hammam? room and scrub themselves clean of dead skin cells, or

N ) S alternatively, pay atteraoht to do this, along with a massage
Moroccan cities are characterized by their distinct
, S and stretch.
neighborhoods, each containing institutions such as mosques or
. ) ) The Hammambés spiritual rol e ¢
schools, and service stations such as bakeries and Hammams
o ) ritual ablution. Friday, oAl-Jumua, is the day of
(Hehmeyer, 1998). These buildings synergize together to form _ _ _
. . ) congregation, when all Muslim men are required to go to
a fNsyst enmoadfe ssoer(vGodeombek and Hol od, 1979) that 3
_ _ _ _ Mosque for worship. As such, many Moroccans wigit the
supply these neighborhoods with public services and cultural
_ ) Hammam on Thursday night and Friday morning to clean
focal points as well. The Hammam, or the Moroccan public
themselves into a state of dAritu



from t he Qumua@ehmeyerrl998;d.El use it as a venue for preedding bridal celebrations and

Korchi, Personal Communication, November 8, 20T8@gre circumcision parties for newborns. These traditions stem from
are two forms osuch ritual impurity in Islam, minor and the androcentric cultur@iArab countries which made the

major, and cleansingneselffrom the latter, as required after Hammam one of the only public spaces for women to socialize.
childbirth, intercourse, or prior ttumta is only achievable in Nevertheless, be they physical service stations or religious and
a Hammam (Hehmeyer, 1998). This spiritual connection social institutionsHammams play an essential role in

between Hammam and mosque issireasily evident in the Moroccan society, and it is critical to mé&ain this significance
Hassan Il Mosque in Casablanca, which features its own while bringing them into the 21st century.

private Hammams that serve as ablution rooms (Eliason, 2019).

Hammams are indubitably part of the religious culture in Islam 2.4 Environmental Impacts of Hammams

and inMorocco andwill likely remain that way deste the rise , , o
_ _ _ o Hammams are incredibly significant to Moroccan
in the number of imome bathrooms with functioning baths ) , )
culture but they have many negative environmental impacts
and showers.
) _ _that must be considered as well. Tradltlonam_ﬂmms require
The Hammamés third and final cul tur al pillar is ts role
_ _ N _ an excessive amount of wood to fuel the boilers and heat the
as a social gathering place, specifically for women. Unlike .
_ baths. As of 2016, the average annual energy consumption for
their male counterparts, women tend to stay longeuaad ,
_ _ Hammams in Morocco was 3323 KWh/m2 for both hot water
more water at Hammams. For them, the Hammam is not just a . . )
. . o . . and space heating (Sahraoui, 2016). Wood is harvested from
service station, but an institution where they can interact with S )
_ _ _ _ slowly diminishing forests in the Northern part of the country,
friends, be entertained, and unwind (Sibley, 2007). ) ) ) )
o o _ and this contributes to land degradation and the potential for
Furthermore, it is common for women to bring in fruits and ) ) ]
_ _ _ deforestation. The reliance on firewood as a fuel source for
snacks to eat aftdathing. The social function of the Hammam _ ) )
_ o ~ Hammams, as well as for residential woodstoves and farans, is _
isnét | imited to personal Il ife either. Man)ﬁﬂtradltlonal f ami
a leading case of forest loss in Morocco (Li, Boudreau &



Figure 10: Wood storage for a single Hammam in Fez, Morocco Hammams additionally require large amounts of water.
According to a study completed in 2011, traditional Hammams
use an average of 8,480 cubic meters of water annually
(Mahdavi & Orehounig, 2011). This water is used to heat pools
and to produce steam in the different chambers of the building.
Due to the water scdtg in Morocco, as discussed earlier in
this chapter, there is not a large supply of water to draw from,
so this poses a problem for Moroccan society (USAID, 2019).
Furthermore, improper disposal of bathwater from the
Hammams pollutes groundwater reservidse wastewater
from Hammams contains chemicals from soap and potential
pathogens that, if dumped directly into the soil outside, can
contaminate groundwater (Kallel, Amjad, 2018).

Wor kersdé safety is another <co
on fueling the Hammarhoilers. Currently, employees load
wood into furnaces located in the boiler room which forces

employees to live and work in dangerous conditions with

limited training and no legal protection.

Kociuk, 2000) The transport of logs also contributes to air Due to lack of safety equipment, such as fireproof
pollution and climate change, as trucks and other transportation 9loves, pro¢ctive eyewear, etc. workers can easily be burned

vehicles release greenhouse gases from fossil fuel consumption OF suffer from inhalation of smoke emissions (A. Bennis,
into the atmosphere. Personal Communication, January 16, 20#thalation of



smoke can cause respiratory symptoms or infections and
induce asthma symptoms because opmticulate matter it
contains (Noonan, Ward, Navidi & Sheppard, 2012). This
ambient particulate matter then does not only impact the
Hammam workers, but also residents of the surrounding

community (Noonan, Ward, Navidi & Sheppard, 2012).

Figure 11: Hammam employees must fuel the fire by hand, putting
them at risk of burns and smoke inhalat{®ebastian Castelier and
Al Jazeera, 2016)

With all these environmental impacts and health risks
taken intoconsideration, it becomes apparent that a change to

the current heating methods of traditional Hammams has the

potential to impact not only the owner and visitors, but the
community at large. Luckily, there may be options for

mitigating the detrimental eftts of Hammams.

2.5 Association Ribat AtFath

Association Ribat AFathis a nongovernment
organization based in Rabat, Morocco with the goal of
promoting sustainable living and environmental learning while
fostering Moroccan culture and heritage. In the past few years,
Ribat Al-Fath has sponsored multiple studies to promote
sustainability, and currently they are looking to improve the
sustainability of traditional Hammams. Our project will assist
Ribat Al-Fath in developing recommendations for mitigating
energy use, water use, and environmental impact of Hammams

in Morocco.

2.6 Emissions Reducing Technologies

In Morocco, Dr. Khadija Kadiri and her cooperative,
Istjmam Waraha, are working with Association RibatFth
to improve the sustainability of Hammams to promote
sustainable practices in Morocco (Cooperative Istijmam

Waraha, 2020). Modern advancements in alternative energy



sources such as biomass fuels or insulation provide
opportunities to reduce the carbon footprint of Hammams.
Biomass fuels are renewable and sustainable fuel
sources made from organic materials. €divan be turned into
pomace, a biofuel that generates energy for Moroccan
HammamsMorocco is one of the biggest producers and
ve oil . A
Using OI i

Sahraoui analyzes thenefits of using olive pits and olive

exporters of ol

Mor occan Hammams Ve
pomace as a biofuel to eliminate the need for wood furnaces in
Hammams. The olive pits calorific value is greater than that of
wood, meaning olive pits are efficient thermally. Olive pits are
also costefficient fuelamounting to only 0.46 MAD/ kg
(Sahraoui, 2016)

pits could save about 16.7 million dirhams annually as well as

Sahraoui 6s study
146,250 tons of wood. The olive pits are pressed, to create the
olive pomace, which must then beattito be made into a

biofuel (Sahraoui, 2016)Jsing this method and creating
pomace can create a favorable waste management system for
many production units of Moroccan olive oil. Olive pomace is
an environmentally safe and sustainable substitute forgurn

wood.

A simple approach to improving the sustainability of
Hammams would be to introduce an insulation system within
the buildings. Improving the insulation in Hammams would
help to mitigate heat loss, therefore reducing the amount of fuel
required tomaintain room temperature. A team of researchers

used the lifecycle cost analysis method to determine the

s t uoptynuntimsuldtian thickiness énergy saviega and pagback n

pEriods fonelectricity tarifdor three diffesent insulation
materials in six different ggons in Morocco (Jraida, Farchi,
Mounir, & Mounir, 2017). In all six regions extruded
polystyrene provided the greatest energy savings with the
smallest insulation thickness (Jraida, Farchi, Mounir, &

Mounir, 2017). Depending on the region adding insolatian

s h onessllt irt emexgly savirgs ranging drdm 58/m”2 to over 70$/m”"2

(Jraida, Farchi, Mounir, & Mounir, 2017). Although insulation

can reduce the energy loss and save fuel the installation process
can be difficult in existing buildings and may have littifeet

on the energy savings depending on the region. While there
have been many possible solutions to reduce the carbon
footprint of Hammams, none have addressed all the sustainable

and cultural concerns.



27 Summary Figure 122 Smoke emitted from a Hammam in Kenitra, Morocco
' contributes to air pollution

In conclusion, traditional institutiorere a threat to the
global environmental crisis. In Morocco, Hammams negatively
affect the surrounding environment and communities and
deplete natural resources. While past attempts have been made
to discover alternative heating methods, a solution hiat® yee
found that offers improvements in all areas of concern.
Improvements are necessary to mitigate environmental impacts
and health risks associated with Hammams, while still
maintaining their cultural significance. Our project analyzes
multiple solutbns that consideall these constraints in order to
recommend the best options for a more sustainable Moroccan

future.




3 Methodology screenshots of the developed economic and environmental
. models, and the project timeline are included in the appendices.

The goaof this project was to make recommendations
to Association Ribat AFath to aid in the creation of more 3.1 OBJECTIVE 1: Understand the
sustainable management methods for Hammams in Morocco.  financials, heating methods, and resource
Based on archival research completed prior to departure, the ~ Management of Hammamsthroughout

team discovered a critical gapthre data, one that could only Morocco.

be filled with onsite interviews with Hammam owners on their Before any recommendations could be made, the team

current heating and water management methods. Therefore, the had to first understand the environmental dangers posed by

following three objectives were created to achieve this goal: Hammames, their cultural significance, and the challenges that
Objective 1: Understand the financialseating come with any potential change. The team completed archival
methods, and resource management of Hammams research prior to departure, and continued research on site by
throughout Morocco. interviewing Hammam owners and experts in our field of
Objective 2: Model and quantify the sustainability of study, including members of our sponsoring organization. The
the heating systems in Hammams. information gathered was then used to analyze the feasibility of
Objective 3: Prepare recommendations for guiding implementing banges into existing Hammams, and the
Hammams towards more sustainatyperations based potential economic and fuel efficiency outcomes of these
on our data analysis. changes.

The following sections explain the methods used by the
team to accomplish the outlined objectives as well as the 3.1.1 Archival Research
deliverables presented to our sponsor at the conclusion of our

To understand the current environmental state of

roject. Samples of datallected during the interview process, .
prol P g P Morocco the group conducted archival research on

10



environmental issues througltdhe country. After gaining an Experts in Relevant Fields:

understanding of the current issues facing Morocco, we Prior to beginning the interview process with Hammam
completed research on how Hammams contribute to this owners, it was necessary to have a fundaatemderstanding
problem by assessing threatening practices, such as production of the political and environmental issues in Morocco, such that

of smoke and water waste. We completed this assesbye we could approach Hammam owners with a respect and
online databases and past project reports relating to understanding of their field. For research on improvements to
environmental sustainability and alternative heating methods Ha mmam management, we defined e

for Hammams. This background research was later useful in have completed past research on Hammam sustainability or are
defining our questions for Hammam owners during interviews. knowledgeable about Hammam boiler design and water

management. Interviews with members of our sponsoring

3.1.2 SemiStructured Interviews organization, specifically Mr. Abdelhadi Bennis and Ms.

Based on the methods described by both D|”ey and Khadlja Kadiri, as well as Mr. Na]lb Motaékil prOVidEd

IDEO, we gathered both qualitative and quantitative data insightful information into the cuttingdge of sustainable

through engaging in active conversations with experts in Hammams. For research on the cultural significance of

Moroccan politics and culture as well as Hammam owners. Hammams 1 n Moroccan society, we

Prior to beginningtte interviews, the team developed a who have been immersed in Moroccan culture and experienced

standardized list of questions designed to steer the conversationt® Hammanas a cultural institution. The preparture

in the correct direction and collect the necessary data. Both the Nterview conducted with Prof. Tahar El Korchi, as

sample question and the data collection form are outlined in ~ documented in Appendix B, provided insight into what the

Appendix A. It is importanto note that many Hammam Hammam experience is, and how we can preserve it.
owners did not speak English; in these cases, translators were

used to help facilitate the conversations.
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Hammam Owners:

In order to prove that the sustable Hammam is better
both environmentally and financially, our team spoke with a
diverse selection of Hammam owners. Through collaboration
with our sponsor we identified six Hammams in the Rabat
SaleKenitra region and two in Casablanca with varying
combnations of boiler setups, carefully selected for an assorted
collection of data. We initially categorized these Hammams
into three distinct types: type one Hammams are traditional,
with a clay fire pit that burns wood to heat the water inside the
Hammam, ype two Hammams replace the fire pit with a
boiler, however still burn wood, and finally, type three
Hammams substitute wood for a biomass fuel such as argan
shells or olive pomace. We then conducted s&moictured
interviews with the owners of each Hammaelected to
collect data on current heating methods, expenses, energy
usage, and water usage. The data collected from these

interviews is available in Appendix E.

3.2 OBJECTIVE 2: Model and quantify the
sustainability of the heating systems in
Hammams

After compiling data acquired through archival research
and semsstructured interviews, we compared the different
Hammam boiler setups, water management plans, and lighting
configurations to create a generalized classification system see
appendix C. Thisategorization system allowed us to develop
models used to determine both the economic savings and
energy efficiency of a sustainable Hammam.

3.2.1 Organization of Data

We organized the quantitative data collected during
semistructurednterviews with Hammam owners into an
extensive spreadsheet, providing us with a plethora of easily
understandable information detailing how their businesses
operate. The data provided insight into the type and amount of
fuel each Hammam uses, the origindajuantity of water,
electricity used, what the financial obligations are associated
with said fuel source, along with the management information.

A preview of this spreadsheet is available in Appendix D.

12



3.2.2 Balance Comparisons

In order to quantifytie benefits of a sustainable
Hammam, the team compiled the raw data from our
comprehensive spreadsheet into two detailed models. These
models not only provided numerical justification for the
benefits of modernizing Hammams but could also be used by
assocaation Ribat AlFath to encourage change in the Hammam

sector.

Energy Balance Model

The team transferred relevant energy data from the
extensive spreadsheet into the energy balance model. The
model compared the current heating system in each Hammam
by dispgaying possible energy savings through the selection of
a fuel source and boiler classification. The energy balance
achieved this by calculating the efficiency of all heating system
configurations using the observed boiler data in each
classification, aneiotal evidence from sersiructured
interviews, and the calorific value of all the different potential
fuel sources. A preview of the energy balance is available in

Appendix F.

Balance Model

Based on anecdotal evidence from Hammam owners
and experimentbf determined data from the energy model, the
team developed a thorough economic model for the Hammam
sector. The model presents owners with expected revenues and
profits for their Hammam given entry price and sustainability
classification for each categorFurthermore, based on the
current state of their Hammam, owners can see the expected
capital investment needed to follow through with their chosen
upgrade plan. A preview of the economic balance is available

in Appendix G.

3.3 OBJECTIVE 3: Prepare
recommendations for guiding Hammams
towards more sustainable operations based
on our data analysis

After compiling and analyzing the collected data, the
team determined the most apt recommendation plan for
improving the sustainability of heating systems, water
management and lighting configurations in Hammams. We
designed these recommendations to be applicable for the vast

majority of Hammams throughout Morocco, as they identify

13



the most important aspects of modernized Hammams that can
be implemented in other stems. These recommendations will
be able to fit the needs of Hammam owners throughout the
country, with explanations of how each option benefits the
Hammam in terms of fuel, water and electricity savings, safety,

and environmental impact.

3.3.1 Sustainab¢ Upgrade Plan

With the models our team developed, we were able to
guantify how much each element of a modernized Hammam
contributed to overall environmental and economic gains. From
there, we outlined a sustainable upgrade plan that used the
most effectie improvements for the average traditional

Hammam in Morocco.

3.3.2 Project Deliverables

At the conclusion of this project Association Ribat Al
Fath was presented with a comprehensive spreadsheet,-a meta
analysis of economic and energy models that deltée
results of our research, along with a final presentation and
written report. The purpose of these project deliverables was to
summarize our work on the project and allow for the

continuation of research on this topic.

ComprehensiveSpreadsheet

We presented the comprehensive spreadsheet used for
compiling the data from Hammam interviews to Association
Ribat Al-Fath at the conclusion of our project. This was done
so that the association couddmpareour results with those of
studies onducted in parallel. Furthermore, it provides a
jumping off point for the association if they would wish to

continue our research.

Meta-Analysis of Economic and Energy Models

An analysis of the economic and energy models was
provided to detail the econaennvestments and savings as
well as the energy savings associated with all potential
upgrades detailed in our report for improving Hammam
sustainability. The analysis includes data for the current cost
effectiveness and energy efficiency of all Hammam
classifications.

3.4 Challenges

Being foreign researchers in an unfamiliar country
presented a variety of challenges. The biggest predicament we
faced was the language barrier between our team and nearly

everyone we talked too, including our sponsor. While this issue

14



was mitigatedecaus one of our team members spoke French, difficult to explain the objective of our interviews, making it

a separate problem arose in that they would need to both unlikely for our interviewees to see a need for change in their

actively engage in conversation and translate all pertinent Hammam Whether the problem was identified or not,

information to the rest of the team. Although French is a unwil lingness to almethodsof he Hamma
common language in Morocco, a selectibthose interviewed operation became an issue as the idea of change unsettled some

did not speak the language, resulting in the need for an Arabic of the Hammam owners. Finally, asking private and sometimes
translator and presenting the team with additional scheduling  intrusive questions created awkward situations in interviews, as

complications. While the language barrier did make conducting understandably, Hammam owners hesitated to speak openly

interviews challenging, it was not a limitingcfar in our data about their electric and water usage along with the associated
collection. Furthermore, due to lack of technology and financial burdens to foreign students.

reluctance to provide data seen as a fitrade secreto, some of
interviewees did not have access to the economic and 3.5 Summary

environmental data we sought after. Data collection proved to This projectéds goal was to ma
be rrore difficult than expected as many Hammam owners did  Association Ribat AFath to aid in the creation of more
not have access to the necessary records we needed to completgstainable management methodsHfammams in Morocco.

our quantitative research. This posed the potential risk of The team accomplished this goal through archival research,
collecting inaccurate information, thus skewing the results of  gemistructured interviews, balance comparisons, and data

the developed bance sheets. Next, due to the coastal location  gnalysis to meet each of the three objectives outlined. The next

of the Rabatale region, the Hammams our team investigated ¢ phapter wi |l |l di scuss gatheeedt eamo s
had easy access to both water and energy resources, creating aysing the described methodology. These findings informed the

gap in our data for Hammams with limited water access or recommendations presented to Association Ribédtah at the

other environmental limitatins. This national divide made it conclusion of this project.
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4. Findings & Analysis 4.1 Heating Method Findings

4.1.1 Switching from wood to biomass fuel improves

Based on data analysis and observations gathered from . ..
heating efficiency and reduces Hammam expenses.
site visits andami-structured interviews, the team developed

the following findings concerning the sustainability of During senirstructured interviews, many Hammam

Moroccan Hammams, or public bathhouses, throughout the owners described wood as a dirty fuel that releases a

RabatSaleKenitra Region. Buildingrom archival research considerable amount of ash and smoke, creating not only health

completed prior to arrival, and the foex input from Dr. risks to those who fuel the fires, but also leading to equipment

. . . o rioration and the n for I maintenan hedule.
Khadija Kadiri, the team identified key resource management deterioration and the need for atter maintenance schedule

styles that contribute towards sustainability. Using economic In Morocco, wood is sold at 0.8 MAD/Kg and it arrives into

. Hammams unprocessed, soaked with water and dirty with mud.
and energy balance models to regress the various components

o . . 0
of a sustainable Hammam against its traditional copatgr After eliminating this water and dirt, only 60% of the wood

: . Hammam owner fdourn fuel, raising th i
the team was able to quantify which of these management ammam owners pay ftaurnsas fuel, raising the kictive

. 0 :
styles had the greatest environmental and economic impacts; price to 1.3 MAD/Kg. Furthermore, wood has a 10% ash yield

these findings then became the basis for our project per kilogram burned, negatively impacting the efficiency of the

deliverables. The following chapter details the data analysis heating system if unmonitored and adding the necessary

that led to our fidings, beginning with fuel usage and heating, overhead of disposing of the ash.

continuing with water management, and ending with lighting On the contrary, the biomass of choice, Argan shells,

. cost the same as wood and have an effective efficiency of
techniques.

100%, burning with no residue. Two Hammams we
investigated both noticed an immediate increase in the overall

performance of their system aftaviching to a biomass fuel.
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In addition, during our visits the team noticed that Hammams
operating on biomass fuels produced little to no visible
emissions and ash when used in a proper heating system. After
comparing wood to biomass in our environmentatei based
from the amount of energy required to power a Hamnitam,

was evident that a traditional furnace fueled by biomass is at
least 1.3 times more efficient than its wood counterpart. The
higher efficiency of biomass results in an average savings of
60,000 MAD a year. As such, switching to biomass fuels is not

only better for the environment, but returns immediate

4.1.2 Upgrading to a modern boiler and using biomass
fuel improves energy efficiency and reduces fuel
expenses.

Through interviews with Hammam owners in different
stages of modernizingve were able toampile a spectrum of
data detailing the efficiency and cost effectiveness of each
combination of boilers and fuel sources. Their anecdotal data
revealed that the traditional wood fired clay and salt crystal
furnaces are not only extremely inefficient, bhigo difficult to

maintain, making them expensive to operate. The Hammam

economic benefits as the change requires no capital investment owners that had transitioned from a traditional heating method

from Hammam owners.

Figure 13: Argan shells being used as@mass fuel in
place of wood

to a boiler fueled by biomass reported a notable reduction in
both emissions and fuel costs. During interviews conduatted
Hammams using both biomass and a modern boiler, the team
noticed no visible emissions coming from the smokestacks,
with both anecdotal and modeled evidence indicating a system
efficiency of 90%. At Hammams operating a traditional boiler
with biomass, w noted some smoke and ash from burning
argan shells, which, while still less smoke and waste than that
of a traditional wood burning Hammam, still indicated some
inefficiency in the system, likely due to the 32.5% ambient heat

loss of traditional furnacesesulting in an inability to burn
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