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Abstract 

 

This project presents a very important step towards reducing deforestation in Morocco, 

reducing CO2 emissions and getting benefits from the amount of olives harvested and 

processed within olive oil production units (including semi modern and modern companies, 

and “Maâsras”). Indeed, changing the way hammams generate energy for water and space 

heating will have a huge positive impact on both environmental and economical sides. 

Hence, the project provides a technical and financial study for the owners of hammams that 

would like to reduce their energy bills using new modern and efficient boilers that use olive 

pits or olive pomace as a biomass fuel. Indeed, both of them are a very good combustibe, are 

cheaper comparing to wood and their calorific value is higher. The calculations made prove 

the possibility of  the following: 

 585 hammams in Morocco can generate energy using olive pits unically  

 16.7 Millions of Dirhams annual savings 

 146 250 tons of wood saved annually 
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1- Introduction 

1.1 General context 
 

Since the beginning of industrial revolution, atmospheric concentration of greenhouse 

gases has increased significantly. This phenomenon is mainly because of the human activities 

that include the massive use of fossil fuels and deforestation. Unfortunately, it’s evident today 

that over the past three decades, the global climate change has a very bad impact on several 

physical and biological systems.  Therefore, any project that aims to reduce the emission of 

greenhouse gases can prevent or delay many expected future damages on our planet.  

Nowadays, biomass has become one of the most important renewable and sustainable sources 

of energy. Because of the carbon dioxide emissions that harm the ozone layer, and therefore 

intensify the risk and the consequences of greenhouse gases, it is highly encouraged to use 

biomass as a source of power since it is fast developed and it is the best way to convert waste 

to energy. As a matter of fact,  there are many companies around the world that get benefit 

from the power of biomass because it can be converted to heat, electricity, biogas or biofuel; 

it is indeed the world’s prominent alternative source of energy.  

Concerning heating, wood and wood by-products constitute the main part of biomass 

and are overused, while many other products, such as rice, coffee, or olive pits are not being 

used to the extent they could be used. That’s why, it’s extremely important to go beyond the 

classical use of wood and use another abundant source of energy that might be more efficient, 

more cost effective and less harmful to the environment.  

1.2 Problem statement and historical setting 

In Morocco, the large consumption of firewood in many different fields is 

unfortunately one of the major leading causes of deforestation. Moroccan people are 

continuing some of their traditional practices, such as the weekly visit to a hammam for their 
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hygiene and well being. This kind of activities requires significant use of firewood and puts 

pressure on the dwindling resources of wood in Morocco. In addition, most of water heating 

systems that are used in public bathhouses are old and lead to pollution and over-consumption 

of both water and wood. 

That’s why, replacing this source of energy by another biomass that is more available 

and less harmful in our country is an interesting alternative, and might be the best way to 

reduce the environmental effect of the massive use of wood and prevent deforestation that is 

one of the biggest environmental issues and that has negative effects on the global warming 

since it increases the amount of carbon dioxide in the atmosphere. 

 Recently, the renewable energies development center launched the project "Wood 

energy in Morocco” as part of an agreement between the Moroccan Ministry of Energy, 

Mines, Water and Environment and the French Environment Fund World (FFEM). This 

program has many aims related to ameliorating the issues we have discussed above [1]. These 

aims are: 

 Increase the energy efficiency of hammams 

 Improve the working conditions of hammam boilers ( Fernatchi) 

 Protect the forest and the environment 

 Increase the profitability of hammams as enterprise 

Also the program’s launching phase consists of:  

 100 boilers improved in Casablanca’s hammams 

 40 boilers improved in other cities’ hammams 

 30 boilers and 5 ovens in rural areas 

1.3 Project objectives 
The aim of this capstone project is to evaluate the alternative of using a biomass boiler 

that uses olive pits instead of wood in Moroccan public bathhouses in order to minimize the 
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wood consumption and avoid deforestation.  The evaluation includes both the engineering and 

the cost effectiveness analysis.  The point is to create the most effective water heating system 

in terms of energy generation at the least cost possible without harming the environment. 

The following points constitute the main goals of the project 

 Collecting information concerning annual energy consumption in three different size 

types of Moroccan hammams 

 Evaluation of the suggested new boiler for each type of hammam 

 Comparison between using of olive pits and olive pomace 

 Comparison between using of olive pits and wood 

 Estimation of annual costs/savings of the project  

 Benefits of project implementation at a national level in Morocco 

1.4  STEEPLE Analysis 
 

While performing strategic planning for any engineering project related to socio-

economic factors, STEEPLE analysis is a very useful tool because it provides an overview of 

different external fields. STEEPLE stands for the following specific external factors: social, 

technological, economic, environmental, political, legal and ethical.  

SOCIETAL 

 The Moroccan society is undergoing a sizeable population growth and people tend to 

go to hammams regularly. In fact, there is a massive use of wood due to the large demand of 

energy used for space and water heating. This is a good reason to think about an alternative 

source of energy that might be less harmful to the environment. This project fulfills the needs 

of the demographical change within the Moroccan society.  

TECHNOLOGICAL 
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 The implementation of this project requires the use of new installations and machines 

that are developed in terms of technology (olive pits separation machine, boilers using olive 

pits, etc.). 

ECONOMIC 

The long term use of the new heating system in hammams that depends on olive pits 

will reduce energy bills and realize important cost savings, and reduce the space and water 

heating energy consumption. 

ENVIRONMENTAL 

The main purpose of this project is to generate a new eco-friendly energy system by 

substituting the exploitation of wood in hammams by the use of olive pits. This will reduce 

the degradation of forests in Morocco and prevent deforestation. The main goal is to use the 

biomass that would be the most efficient and the least harmful to the environment. 

POLITICAL  

The Moroccan government is always seeking for better achievements and projects that 

will reduce energy consumption. There is a strong correlation between politics and economy, 

so this project will support the government strategic plans regarding the renewable energy 

market. 

LEGAL 

Morocco has committed itself to several policies supported by the Ministry of Energy, Mines, 

water and environment (MEMEE) and the renewable energy development center (CDER). 

These commitments are enshrined in three laws by the Parliament on 13th of June, 2003: 

 Law No. 11-03 on the protection and enhancement of the environment to fight against 

pollution 



10 

 

 Law No 12-03 on studies concerning impact on the environment 

 Law No 13-03 on the fight against air pollution 

In addition to this, there is a program pertaining to energy efficiency in progress with 

collaboration of the World Bank that is aimed at passing laws related to renewable 

energies.[1] 

ETHICAL  

As Moroccan citizens, our social responsibility towards environment and forests is 

needed so that important changes can take place over the long run. This project at the very 

least pertains to ethics of environment. 

2- Literature review 

2.1 Olive oil production in Morocco 

2.1.1 Potential of olive tree 
 

The olive tree has been present for many centuries in Morocco. The most common 

olive tree variety grown in the Kingdom is the picholine which constitutes 90% of the trees 

grown in olive orchards. Haouzia and Menara are two developed clones of picholine that have 

an annual yield of about 60 kg/tree. However, the average yield of an olive tree in Morocco, 

across all varieties, is 50 kg/tree. The olives are commonly used for two goals: olive oil and 

table olives.  

In Morocco, the olive tree grows in many regions, except the coastal border and desert 

regions, such as: Fez, Boulmane, Taounate, Meknes, Marrakeh, Tadla, etc. The average 

annual production of olives is about 1.5 million tons. The olives are crushed either in the 

traditional units called “Maâsra” or semi modern and modern units. In fact, the number of 

traditional “Maâsra” in Morocco is estimated to be 15,000 units pressing yearly 160,000 tons 
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of olives per year.  However, the quality of oil produced is very low, with high oleic acidity 

because of the storage of olives after harvest and mediocre storing conditions. The oil 

producted using this method is usually sold locally in Morocco. Besides, there is 565 semi 

modern and modern units, and they are pressing annually about 600,000 tons of olives[2]. 

These units produce very good virgin or exta virgin olive oil that is exported abroad, generally 

to the United States of America and Middle East. Moroccan olive oil units usually produce 

olive oils that are regularly winning international acclaim regarding because of  their good 

quality, such as Volubilia Phoenicia and Olealys, because their oleic acidity is very low 

(0.3%).  

Main by-product of the olive oil pressing process is olive pomace. It contains 4 to 5% 

of oil and is used for pomace oil production.  This oil is extracted after drying olive pomace 

using a food solvent (hexane). Once the solvent is evaporated, the oil is refined after several 

steps: washing, neutralizing, bleaching, and waxing. Moroccan people tend to use pomace 

olive oil for cooking especially in the Southern region of Morocco. 

 

Figure 1: Classic process of olive oil extraction  
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2.1.2 Olive oil processing steps 
 

 

The olives to be pressed must get a proper treatment since the harvest and are always 

subject to a set of operations during this treatment (cleaning,washing, leaf removal, etc) in 

view of the subsequent processing. These preparation operations vary according to the nature 

of the olives and the technological tool of transformation used. Referring to the technological 

process with centrifugation, main operations are outlined in the figure below :   

 

Figure 2: Steps for olive oil processing[3] 

After the olive harvest, transport, reception, and storage, an extraction technique used 

to extract olive oil called trituration is used and follows these steps: 

 Leaf removal: This operation is necessary to avoid getting a very green oil, leading to 

an excess of bitterness and a lesser ability to the conservation of the. The weight of 

leaves to tolerate must not exceed 1% of the weight of the batch of olives for pressing. 
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This operation can be performed manually or with a rectangular system of iron wires, 

separated from each other by 1cm; or by using some machines that can remove leaf 

and wash olives at the same time. 

 Washing : this operation is basically done to avoid some problems like: A decline in 

the yield of extraction, a decline in the shelf life of oil because some metal traces are 

catalysts of oil oxidation, low quality of smell and taste of the oil 

 Crushing : usually made by hammer mill, the crushing should be adapted to the 

physical condition of olives and their degree of maturity. The duration of the grinding 

should not exceed 20 to 30 minutes; otherwise, the oil produced would oxidize and 

this will be reflected negatively on the oil quality  

 Malaxing : It is a very important operation that must be performed for at least 60 

minutes at temperature higher than room temperature but not exceeding 25°C. 

 Separation of oil and pomace: In each olive oil extraction plant, the most important 

step is to separate pomace from olive oil; otherwise the oil would absorb bad smell 

caused by the pomace’s fermentation, and will have a very bad quality. The centrifuge 

used for this aim rotates at a speed of 3000 to 4000 revolutions per minute in order to 

separate oil and pomace. The pomace obtained has high water content -- to make it 

better, it should be dried to minimize the humidity rate by at least 50%. Pomace 

contains basically pulp and pits; it is combustible and it is used in cement plant as a 

combustible; and can be supplied to other companies to extract pomace oil that is used 

mainly for industrial purposes, and that doesn’t have the nutritional benefits of virgin 

olive oil. 

2.2 Biomass energy potential in Morocco 
 

Today, Morocco is one of the countries that are aware of climate change effect of 

fossil fuels; many efforts are being made to reduce its dependence on imported fossil fuels. 
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The major sources of renewable energies are solar and wind; however, there are other biomass 

deposits that are overexploited, such as forest wood and some others that are underused, like 

agricultural residues and byproducts that are mainly used in water heating systems, 

specifically in hammams. 

2.2.1 Holm oak in Morocco 
 

In Morocco, the main producing species firewood are: Holm oak (quercus ilex) with 

58.1% from the total production, eucalyptus with 25.4% from the total production, oak cork 

(quercus suber) with 4.1% from the total production , thuja and argan that both contribute 

with 5.3% of the total production. The rest of the production uses cedar and other secondary 

species. [4] 

 
Figure 3:Range of oak in Morocco[5] 

 

 The holm oak is therefore the first tree species that is used to produce firewood. In 

fact, its area is about 1,415,201, and its altitudinal range is between 300 m and 2700m [4]. 
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Moreover, its ecological and socio-economic roles are both very important. The consumption 

of holm oak for energy generation occupies a major place in the total energy consumption of 

the country. It might be used for different purposes and different fields like: bakery, 

hammams, domestic heating, etc. The oak is common in humid, sub-humid and semi-arid, 

cool, and cold climates. Indeed, it is commonly used in Middle Atlas regions such as Fes, 

Meknes, Azrou and Ifrane. Its wood is hard and can be used for woodworking and carpentry, 

in addition to for heating. 

2.2.2 Olive pomace in Morocco 
 

 Since Morocco is one of the well known countries that produce olive oil, olive 

pomace is a byproduct of manufacturing process ( olive oil production process)  and is 

considered as an important biomass fuel that can be used in boilers for many fields.  

It is true that this biomass used to be underestimated and not well used, but Moroccan people 

became recently aware of its benefits. Indeed, many researches claimed that olive pomace is a 

good agricultural residue that might be easily commercialized to satisfy the needs of many 

industries and networks that aim to generate energy without harming the environment. 

Despite the underuse of olive pomace, a lot of Moroccan companies produce it annually after 

extracting olive oil. 

 Olive pomace is a renewable fuel source that can be used instead of gaz or wood in 

many fields like cement plants and brickyard, domestic heating, heating in hammams and 

bakeries, industrial central heating system, etc. It is in fact an environmental friendly 

sustainable alternative of fossil fuels. Its calorific value is more important than many other 

biomass like wood; it is therefore a good combustible and has an affordable price: 

approximately 0.46 MAD/ kg. 

 Mainly, the harvesting period of olives in Morocco lasts from September to March 

with a peak period in November and December. During the extraction of olive oil, the olives 
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harvested are pressed and the olive oil is extracted after passing by a crushing unit; and the 

olive pomace obtained is very wet; its moisture content varies between 40 to 70 percent 

depending on the efficiency of the machines used in the extraction process. In order to make it 

useful as biomass fuel energy, it should be dried so that the moisture content would be 

minimized to a percentage range of 8 to 15 percent. The remaining solid by product which is 

olive pomace or olive cake has a dark color and is a mixture of pulp, olive skin, crushed olive 

pits (kernels or stones), and few waste waters and pomace oil residue. Here are its 

characteristics:  

Table 1: Properties of olive pomace [6] 

 

 Despite its high calorific value, the olive pomace contains some oil and water wastes 

and residues that may result due to the extraction of olive oil which may affects the quality of 

the combustion process in a boiler, reduce the efficiency and the lifetime of the boilers and 

may harm it on the long run. In addition to this, its shape, size, and low bulk density are 

associated with some issues regarding storage, handling and transportation.  

Properties of olive pomace Values Unit 

Carbon (C) 51.38 % 

Hydrogen (H) 5.85 % 

Nitrogen (N) 1.28 % 

Oxygen (O) 36.9 % 

Sulphur (S) 0.09 % 

Residual humidity 12-15 % 

Ash content at 815°C 3-5 % 

Calorific Value MAX 5.3 kWh/kg 

Calorific Value MIN 4.8 kWh/kg 

Size 1-3 Cm 

Oil content 3-5 % 



17 

 

 

 

 

Figure 4: Olive pomace  

2.2.3 Olive pits in Morocco 

2.2.3.1 Generating energy from olive pits worldwide 
 

It is astonishing that olive pits are not just a useless waste but a good source for 

generation of energy.  The most common way to generate energy from olive pits is 

combustion. Indeed, according to the not-for-profit engineering organization American 

Society of Mechanial Engineers (ASME), olive pits produce more energy through combustion 

than hardwood [7]. Certainly, generating a little heat requires just throwing olive pits in fire; 

yet, generating more heat requires the use of advanced technologies like stoves and boilers 

intended for this goal, and the olive pits should be burned on a large scale so that the energy 

generated can be maximized. There are some large olive processing companies around the 

world that generate half of the electricity needed for their company basically by burning olive 

pits, like Musco Family olive company, the United States’ largest olive processor. Besides, 

the generation of electricity using olive pits is more widespread in Spain where the production 

of olives is very large. Indeed, there is a company in Madrid that supply hundred of buildings 

with power by using the process of burning olive pits.  
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On the other hand, combustion is not the only way to generate energy from olive pits.  

Researchers from universities of Granada and Jaen found out a way to get rid of sugars 

contained in olive pits so that they can burn well. Olive pits are found to be mostly composed 

of cellulose, and cellulosic biomass is not really use to convert to ethanol. Therefore, a 

process of fermentation in a cooker with some other enzymes has been suggested by 

researchers in order to remove sugars which lead to the production of 5.7 kilograms of ethanol 

from 100 kilograms of olive pits[8]. 

 Because of the disadvantages of olive pomace, it is highly recommended 

wordldwide to use pellets that are easier to handle and store but require the buying of a pellet 

plant. Pellets have higher calorific value due to the lower moisture content obviously, but are 

more expensive than olive cake. For this matter, there are some experts in briquetting and 

pelletizing machinery and plants that aim to fabricate very good quality wood and olive 

pomace pellets and that take into consideration the requirements and specifications of their 

customers. For instance, there is Amisy Machinery, a company established in many countries 

like Spain ,UK, Sweden, and Greece. It has 12 years experience in this field and provide all 

the necessary products and the technical supports for their clients. 

2.2.3.2 Olive pits in Morocco 
 

 In Morocco, it is highly suggested to use olive pits that are more pure in terms of 

elementary composition, have lower moisture content than olive pomace, can be handled, 

packaged and transported easily. Olive pits are very efficient during their combustion in 

boilers since they don’t contain any impurities or water /oil wastes. Moreover, both of the ash 

content and the residual humidity are low comparing to olive pomace values.  

They are appropriate for biomass boilers as well and are not as expensive as pellets, they have 

an oil content of 0.3% which is really lower than olive cake’s oil content (from 3% to 5%). 
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 The composition of olive pits in terms of ash, moisture, and elementary composition 

differs from state to state. We can recognize merely three phases while talking about olive pits 

heating values: 

 Wet phase where olive pits are in their initial state once received after separation 

process from olive cake with both moisture and ash included. 

 Dry phase where olive pits are dried; it doesn’t include moisture, yet there is ash.  

 Dry and ash free phase where there is neither moisture nor ash. 

 

 Table 2: properties of olive pits before being dried (Wet phase)[6] 

3- Engineering study 

3.1 Methodology 

3.1.1 Data collection 
 

Traditional bath buildings in Morocco are highly visited ( approximately 95% of 

Moroccan go to hammams regularly and it takes part of their daily hygien, especially 

women). Information concerning the energy performance in Moroccan public bathhouses is 

based on two sources: 

 Interviews with staff of three different hammams in Meknes city. One of the 

hammams is small, one is medium, and the last one is big.  

Properties of olive pits Values Unit 

Carbon (C) 49.6 % 

Hydrogen (H) 6.28 % 

Nitrogen (N) 0,42 % 

Oxygen (O) 35.92 % 

Sulphur (S) 0,02 % 

Residual humidity 6.18 % 

Ash content at 815°C 1.62 % 

Calorific Value MAX 5.6 kWh/kg 

Calorific Value MIN 5.3 kWh/kg 
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 Because of lack of data, I used energy and thermal performance study of hammams 

[9], which is an analysis of the energy performance and thermal building performance 

of hammams in different countries including Morocco, Tunisia, Turkey, Egypt, and 

Syria.  

Note that the collected values are not precise but just approximate and that the total area of 

each hammam includes four different rooms (changing room, cold room, warm room, and hot 

room). The following table summarizes general information concerning 3 selected buildings 

that are different in term of location and construction in Meknes. 

Table 3: Annual energy consumption for 3 hammams in Meknes 
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3.1.2 Results 
 

Estimated annual energy use in Moroccan hammams varies from one hammam to 

another one. This difference is due to many factors such as: indoor conditions, thermal 

insulations, buildings materials (roof,  walls, glazing, etc), number of visitors. That’s why, we 

considered 3 different hammams and we calculate the mean of all the values needed. The 

following table summarizes the results: 

 Table 4: Average annual energy consumption for Moroccan hammams per m² 

 

3.2 Suggested Boiler 

3.2.1  Pasqualicchio description 
 

The first thing that might be enhanced in Moroccan hammams to reduce energy bills and 

protect the environment is to change the heating system. To do so, the boilers are to be bought 

from one of the most well known leaders in biomass heating, an Italian company situated in 

the heart of southern Italy, Pasqualicchio.  This company offers a wide range of boilers 

including nine product lines and that suits all the customers’ requirements.  Expert researchers 
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and very talented employees work hard with a very high professionalism in very well 

equipped and advanced laboratories to provide solutions that don’t harm the environment, and 

to create products that are highly efficient with very low energy consumption and low 

emissions. In addition, the company takes into consideration many values like 

professionalism, transparency, customer satisfaction, ethics and environmental responsibility. 

This company has been chosen for boilers supply for many reasons like: 

 Energy saving:  good performance and quality 

 Certifications:  it is ISO 90001 and ISO 14001 European quality system certified 

 Assistance and 5 year warranty 

 Wide range of choice: there are plenty of products (100 models – 9 product lines).  

“CS Marina is a boiler for central heating and the production of hot water. It uses solid 

biomass fuels s coming from renewable energy sources such as pellets, olive pomace, almond 

shells, pistachio shells, hazelnut shells and pine nut shells. The CS Marina boiler has been 

designed to reach excellent biomass combustion levels. It can be fed with wood, pellets, olive 

pit, maize and olive pomace.  It is in fact ideal for heating large rooms due to its high calorific 

value. It is suitable for civil and industrial environments (workshops, warehouses, sheds). Its 

remarkable versatility and the many possibilities of customization, allows for installation in 

any environment. 

The CS Marina boiler produces low cost energy using natural fuels and it ensures a saving 

of approximately 50% with respect to taditional fuels. 

The boiler is in compliance with the EN 303-5 European Standard and belongs to class 3 

regarding emissions and efficiency.  
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The material used for its production is fully certified and subjected to strict controls and tests 

during the entire production process. In this way, the boiler manages to achieve very high 

standards of quality.”  [10] 

 

Figure 5: Operating layout for CS Marina- The boiler chosen- [11] 
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3.2.2  Thermal inputs of the Pasqualicchio boilers 
The proposed boiler is available with the following rated thermal inputs:  

CS 34 ► 29 kW 

CS 40 ► 46 kW 

CS 60 ► 69 kW 

CS 80 ► 92 kW 

CS 99 ► 114 kW 

CS 130 ► 150 kW 

CS 180 ► 208 kW 

CS 230 ► 266 kW 

CS 300 ► 348 kW 

CS 400 ► 464 kW 

 CS 500 ► 580 kW 

CS 650 ► 754 kW 

CS 800 ► 928 kW 

CS 950 ► 1102 kW 

CS 1350 ► 1566 kW 

CS 1600 ► 1856 kW 

CS 2000 ► 2320 kW 

CS 2670 ► 3100 kW 

 

CS 3450 ► 4000 kW 

 

3.2.3 Needed boiler for each hammam 
Table 5: opening hours for hammams 

 

 

 

 

 

 

 

 

If we consider that all of the hammams are working 510 hours per month for 8 months , 

and 480 hours per month for four months; we will find out the following: 

Number of working hours per year: (510×8) + (480×4) = 6000 hours 

Opening hours 

Fall – Winter - Spring Summer (June –July-August-

September) 

From 6h to 23h From 6h to 22h 

17 hours per day 16 hours per day 

510 hours per month 480hours per month 



25 

 

Since each hammams has its specific properties and characteristics, the choice of 

boilers matters in our project. The choice can be fixed based on the power needed in each 

hammam which can be calculated using the following formula: 

Power needed in KW= 
𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 𝑓𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 ℎ𝑒𝑎𝑡 𝑠𝑝𝑎𝑐𝑖𝑛𝑔

𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑤𝑜𝑟𝑘𝑖𝑛𝑔ℎ𝑜𝑢𝑟𝑠𝑝𝑒𝑟𝑦𝑒𝑎𝑟
 

Table 6: Type of boiler chosen for each hammam 

hammam Size Power calculation  Power needed in KW Boiler Chosen 

Small 360 000 

6000
 

36.58 CS 40 MARINA(40KW) 

Medium 660 000

6000
 

110 CS 99 MARINA(114 KW) 

Large 1 119 000

6000
 

186.5 CS 180 MARINA (280 KW) 
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3.2.4 Technical dimensions 
 

4..4.1  CS 40 MARINA 
 

 
Figure 6 : Technical dimensions of CS 40 Marina [12] 
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4.4.2 CS 99 MARINA 

 
 

Figure 7: Technical dimensions of CS 99 Marina [12] 

 

 

 

4.4.3 CS 180 MARINA 
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Figure 8: Technical dimensions of CS 180 Marina [12] 

 

3.3 Estimation of calorific value of oak 
 

 One of the most important properties of biomass fuel that is taken into consideration 

in our study is the calorific value. It refers to the amount of heat developed from the mass 

during the complete combustion with oxygen. In other words, during the complete 

combustion of unit mass of biomass, the calorific value is the amount heat energy released. It 

is expressed generally either in kcal/kg, MJ/kg or KWh/kg, and it includes both: 

 The higher heating value HHV or gross heating value when we consider the water 

components to be in the liquid state after each combustion under some specific 

laboratory conditions ( 101kPa, 25°C ) [13]. 

 The lower heating value LHV in which the combustion reaction leads to the 

vaporization of water; the water components form therefore vapor or steam. LHV can 

also be called net heating value or net calorific value. 
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There are many formulas that enable us to calculate the high heating value and the low 

heating value of any type of biomass; the most important one is the Milne formula that 

suggests the relationship of the elemental composition of the biomass to the heating value: 

HHV = 0.341·C + 1.322·H - 0.12·O - 0.12·N + 0.0686·S - 0.0153·ash [14] 

where C, H, O, N, and S are respectively the carbon, hydrogen, oxygen, nitrogen and sulfur 

content in weight % dry material. Ash on the other hand depends on many factors, such as 

temperature and it is commonly expressed in dry basis; it is actually the inorganic matter that 

still takes part of the total composition of any biomass even after the total combustion. The 

main elements that might be in this inorganic component are: potassium, magnesium, 

phosphorus and calcium. In fact, the composition of ash of biomass affects its combustion 

behavior.  

 In order to compute the HHV, the table below provides us with the elementary components 

of oak  

 

Carbon 49.7 

Hydrogen 5.4 

Oxygen 39.3 

Nitrogen 0.2 

Sulphur 0.1 

Ash 0.5 

Table 7: Holm Oak components[13] 

 

HHV = 0.341×49.7 + 1.3225×4 - 0.12×39.3 - 0.12×0.2+ 0.0686×0.1 - 0.0153×0.5 

= 19.34 MJ/KG 
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Moreover, the first characteristic to consider after calculating the higher heating value of 

wood is the moisture content which is the mass or quantity of water contained in a specific 

mass of fresh wood.  The mass of fresh wood . It is preferable for firewood to have a 20% of 

moisture content because when wood has higher water content, it affects the quality of the 

combustion process and leads to excessive formation of smoke and emissions, and damages 

therefore the chimney. Besides, when wood has higher moisture content, it tends to have a 

lower calorific value.   

 

Figure 9: heating values as a function of moisture content[13] 

 Among the most reliable formulas that relate the higher heating value to lowest heating 

value is the following : 

LHV = 
𝑯𝑯𝑽×(𝟏𝟎𝟎−𝑴)−𝟐.𝟒𝟒×𝑴

𝟏𝟎𝟎
 [15] 

where M is the moisture content in percentage (20%) for oak firewood. 

Therefore, the lower heating value of holm oak is:  

LHV= 
𝟏𝟗.𝟑𝟒×(𝟏𝟎𝟎−𝟐𝟎)−𝟐.𝟒𝟒×𝟐𝟎

𝟏𝟎𝟎
= 𝟏𝟒. 𝟗𝟖

𝑴𝑱

𝑲𝒈
= 𝟒. 𝟏𝟔𝑲𝑾𝒉/𝑲𝒈 

 



31 

 

3.4 CO2 Emissions 
 

Changing to less carbon dioxide intensive source of energy contributes to climate 

change protecton for the long term. That’s why, the only alternative to do so would be using a 

sustainable renewable type of energy that has almost no CO2 emissions.  

Despite the wide variety of wood species and densities, the output of CO2 is quite the same. 

The output of CO2 ranges from 116.27 kg/ MMBTU to 124.41 kg/ MMBTU.[ 16] 

Table 8 : CO2 output of different wood species[16] 
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Since one MMBTU is equal to 293 kWh, the output of CO2 ranges from 0.39 kg/kWh to 0.42 

kg/kWh. 

 

Figure 10: CO2 emissions of different type of fuels [17] 

The moisture content is an important factor for increasing slightly CO2 emission over the dry 

weight basis.  However, this change is inconsiderable comparing to the overall value. 

Therefore, we can consider the following table to calculate the CO2 emissions for each 

hammam.  

Table 9: CO2 Emission of hammams 

hammams 

 

Annual energy used for 

water and heat spacing 

CO2 Emission 

A ( small size) 360 000 KWh 140 400 kg 

B (medium size) 660 000 KWh 257 400 kg 

C ( Large size) 1 119 000 KWh 436 410 kg 
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Hence, hammams emit on average 278 tons/y of CO2 while using traditional furnaces that 

burn wood for water and space heating. Olive pits have the same emissions of CO2 per 

kilogram of mass burnt [18]. Thus by using olive pits, the effect on carbon emissions is no 

worse than when wood is burned; however, by using olive pits, we save quantity of wood to 

stay in forests, which are important sources of carbon sinks, and thus overall the effect would 

be to decrease the concentrations of CO2 in the atmosphere. 
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4- Financial study 

4.1 Prices of biomass sources and boilers 
 

The project aims to replace boilers/furnaces in Moroccan bathhouses with new boilers 

that use olive pits or olive pomace instead of wood as biomass fuel. For this matter, a cost 

analysis should be conducted so that we can know gains and risks of this project on the long 

term. In this study, many factors would be taken into consideration including the comparision 

of each of : Olive pits and olive pomace, olive pomace and wood, olive pits and wood so that 

we can know the best alternative in terms of energy performace, quality, and price.  

To perform this cost analysis, an investigation should be done to know the approximate prices 

of all of wood, olive pits and olive pomace. 

4.1.1 Price of firewood in Morocco 
 

In Morocco, the consumption firewood is very massive. It is valued at about 11.3 

million tonne per year. Besides consumption in households, the biggest consumption is in 

production of handicrafts and as fuel in traditional hammams. Indeed, the 5000 hammams in 

Morocco annually consume 1.25 million tons of wood, valued at 800 million MAD [1]. The 

price of wood varies from 600 MAD to 900 MAD per ton depending on the quality of wood 

and its specie. Therefore, we will consider the price of wood for our cost analysis to be 0.6 

MAD/kg which is the lowest price in the Moroccan market. 

4.1.2 Price of olive pits and olive pomace 

 

To know the prices of both olive pits and olive pomace, I contacted Mr. Rachid Benali, 

the president of an olive oil company “Les Huiles de Saiss” which is located in Ain Taoujdate 

in the Middle Atlas, and is specialized in olives crushing & olive oil production. This 

company produces a very high quality virgin olive oil called O’LIVE that is exported to many 
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countries abroad in Europe, Asia, and the Middle East. It has the complete separation machine 

plant that separates olive pits from olive pomace; then sells each of them separately to 

suppliers of hammams, cement plants, or brickyards. It is sold at a very low price comparing 

to other companies that sell the same product; this is explained by the fact the olive pits are 

not very well dried and sold at the wet phase as mentioned earlier. Besides, olive pomace is 

sold to few factories in order to extract olive pomace oil such as: 

 BIOSEC 

 GBH Groupe Belhassan Huileries 

 SIOF Société industrielle oléicole de Fes.  

According to Mr. Rachid Benali, the president of Huiles de Saiss Company, the price of olive 

pits and olive pomace are respectively about: 0.50 MAD/kg and 0.46 MAD/kg  

4.1.3 Price of boilers 
Each hammam needs a specific boiler that will respond to its annual energy consumption used 

for water and heat spacing. As mentioned, Pasqualicchio is found to be an Italian company 

that offers a wide range of choice while buying a boiler; it uses any type of biomass including: 

Wood, olive pomace, olive pits and maize. The small hammam, the medium, and the large 

one need to buy respectively the following:  

 CS 40 Marina (40Kw) that costs 50,038 MAD  

 CS 99 Marina (114 Kw) that costs 66,808 MAD 

 CS 108 Marina (208 Kw) that costs 119,879 MAD 

These boilers have 5 years of warranty starting the day of purchase and are lasting through 

time. According to the technical specifications of CS Marina, the power supply of each of the 

boilers that are going to be bought is listed. Therefore, we can calculate the electricity cost 

using the following formula:  

Electricty cost = Power (Kw) × working hours per year(h) × 1.40 MAD/KWh 
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We will assume that the number of working hours of the boiler will match with the working 

hours of hammams per year which is 6000 hours.  

Table 10: Annual electricity cost for each hammam 

Boiler type Power supply Electricity cost  per year 

CS 40 Marina (40Kw) 500 W to 230 V 50 Hz 4200 MAD 

CS 99 Marina (114 Kw) 1000 W to 230 V 50 Hz, 

or 380V  50hZ 

8400 MAD 

CS 108 Marina (208 Kw) 1000 W to 230 V 50 Hz, 

or 380V  50hZ 

8400 MAD 

4.2 Case studies 

4.2.1 First case: Heating with oak 
Table 11:  calculation of annual expenses while using oak as a source of energy 

hammams 

 

Annual energy 

used for water 

and heat 

spacing 

Calorific 

value of 

oak in 

KWh/kg 

Quantity 

needed in 

kg 

Price per 

kg 

 

Annual cost 

 

A ( small size) 360 000 KWh 4.16 

KWh/kg 

86 538 kg 0.6 

dhs/kg 

51 922 MAD 

B (medium size) 660 000 KWh 4.16 

KWh/kg 

158 654 kg 0.6 

dhs/kg 

95 192 MAD 

C ( Large size) 1 119 000 

KWh 

4.16 

KWh/kg 

268 990 kg 0.6 

dhs/kg 

161 394 MAD 

4.2.2 Second case: Heating with olive pomace 
Table 12: calculation of annual expenses while using olive pomace as a source of energy 

hammams 

 

Annual energy 

used for water 

and heat spacing 

Calorific 

value of 

olive 

pomace  in 

KWh/kg 

Quantity 

needed in kg 

Price per 

kg 

 

Annual cost 

 

A(Small size) 360 000 KWh 4.8 KWh/kg 75 000 kg 0.46 dhs/kg 34 500 MAD 

B(Medium 

size) 

660 000 KWh 4.8 KWh/kg 137 500 kg 0.46 

dhs/kg 

63 250 MAD 

C(Large size) 1 119 000 KWh 4.8 KWh/kg 233 125 kg 0.46 

dhs/kg 

107 237 MAD 
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4.2.3 Third case:  Heating with olive pits 
Table 13: calculation of annual expenses while using olive pits as a source of energy 

hammams 

 

Annual energy 

used for water and 

heat spacing 

Calorific 

value of 

olive pits in 

KWh/kg 

Quantity 

needed in 

kg 

Price per 

kg 

 

Annual cost 

 

A(small size) 360 000 KWh 5.3 

KWh/kg 

67 924 kg 0.5 dhs/kg 33 962 MAD 

B(medium 

size) 

660 000 KWh 5.3 

KWh/kg 

124 528 kg 0.5dhs/kg 62 264 MAD 

C(large size) 1 119 000 KWh 5.3 

KWh/kg 

211 132 kg 0.5dhs/kg 105 566 MAD 

4..2.4 Discussion of results 
 

From the calculations made, it is observed that within the same type of traditional 

hammam (same size), the quantity of biomass needed in kilograms to satisfy the needs of 

energy used for water and space heating alters. This is explained by the different calorific 

values of each type of biomass. The higher calorific value is the one of olive pits which 

reflects the low quantity of olive pits needed to generate the annual energy needed; and vice-

versa for wood. Besides, olive pomace is kind of an average alternative between both of them. 
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Graph 1: Quantity of biomass needed in each hammam  

Furthermore, the difference in annual expenses for each case is related to the 

difference of prices of each of wood, olive pits and olive pomace. The price of wood is the 

highest one while the price of olive pits and olive pomace are approximately the same 

(difference of    0.04 MAD /kg). That’s why, there is a just a slight difference between annual 

expenses while using olive pits and those got while using olive pomace while there is a 

significant difference comparing to the annual expenses while using wood. 
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Graph 2 : annual expenses of each hammam for each case 

4.3 Annual savings and payback period 

4.3.1 Oak vs olive pits 

Table 14: Annual savings and payback period calculation 

 

 hammam A hammam B hammam C 

Annual energy cost using oak (MAD) 

Annual energy cost using olive pits(MAD) 

Annual electricity cost used for the boiler(MAD) 

Annual saving s(MAD) 

Initial investment (MAD) 

Payback period (Years) 

51 922 

33 962 

 4 200 

13 760 

50 038 

3.63 years 

95 192 

62 264 

8 400 

24 528 

66 808 

2.72 years 

161 394 

105 566 

8400 

47 428 

119 879 

2.52 years 
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4.3.1.1 Average Annual savings 
 

 

Average total annual energy cost using oak 102 836 MAD 

Average total annual energy cost using olive pits 67 264 MAD 

Average annual electricity cost for the boiler 7000 MAD 

Net Annual savings (MAD) 28 572 MAD 

Annual savings (%)  27.78% 

 

4.3.1.2 Average Payback period 
 

While buying a new boiler and changing the heating biomass fuel from oak to olive pits, the 

new equipment will pay back its initial cost and start gaining from this change in about 2 

years and 346 days. 

4.3.2 Oak vs olive pomace 

Table 15: annual savings and payback period calculations 

 
 hammam A hammam B hammam C 

Annual energy cost using oak (MAD) 

Annual energy cost using olive pomace(MAD) 

Annual electricity cost used for the boiler(MAD) 

Annual savings (MAD) 

Initial investment (MAD) 

Payback period (Years) 

51 922 

34 500  

 4 200 

13 222 

50 038 

3.78 years 

95 192 

63 250 

8 400 

23 542 

66 808 

2.83 years 

161 394 

107 237 

8400 

45 757 

119 879 

2.61 years 

4.3.2.1 Average Annual savings 
 

Average total annual energy cost using oak                                            102 836 MAD 

Average total annual energy cost using olive pomace         68 329 MAD 

Average annual electricity cost  for the boiler                                             7000 MAD 

Net Annual savings (MAD)                                    27 507 MAD 

Annual savings (%)                                        26.74% 
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4.3.2.2 Average Payback period 
 

While buying a new boiler and changing the heating biomass fuel from oak to olive pomace, 

the new equipment will pay back its initial cost and start gaining from this change in about 3 

years and 25 days. 

4.3.3 Olive pits vs olive pomace 

4.3.3.1 Annual savings 
 

There is just a slight difference between the use of olive pomace and olive pits. In fact, the use 

of olive pits enables hammams to increase the net annual savings from 27 507 MAD to 

28 572 MAD which is about 1065 MAD annually. 

 

Graph 3: Annual savings: olive pomace vs olive pits 
 

4.3.3.2 Average Payback period 
 

Besides the inconsiderable difference in annual savings, the payback period doesn’t 

change basically. There is just a small difference of 44 days in terms of paying back the initial 

investment of the new boiler. 
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             The best alternative for biomass 

Diagram 1: Best alternative for biomass source 

 
 
 

5- Implication for national level 

 
Recently, Morococo has become among the world’s foremost producers and exporters 

of olive oil. In fact, it is known as one of the three most competitive countries in terms of cost 

of production. Moreover, in the list concerning the world’s biggest exporters of olive oil; the 

Kingdom is ranked the 5th after Spain, Tunisia, Italy, and Greece thanks to its very good 

quality that usually grabs the attention of its main customers which are the United States of 

America and European union.  [19] 

Furthermore, it is known that olive oil is exported in bulk from Morocco to Spain and Italy 

where they transform it into virgin or extra virgin olive oil and re-brand it as a Spanish or 

Italian product. [19] 

  Among the very well known producers of olive oil in Morocco the following: 

 Inov Green Saiss in Fes 

WOOD 

Olive pomace Olive pits 

Annual cost : 75 329 MAD 

Annual savings: 27 507 MAD 

Payback period : 3 year 27 days 

Annual cost : 74 264 MAD 

Annual savings :28 572 MAD 

Payback period : 2 years and 346 days 
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  Les Huiles de Saiss in Ain Taoujdate 

  Les Huiles d’olives de La Méditerranée in Oujda 

 Olivinvest  in Rabat 

  Délices de Saiss  in Fes 

 Zitoune Al Atlass in Sefrou 

After the accomplishment of the projects developed under the national agricultural plan 

“Green Morocco” that started in 2008, the net production of olive oil has doubled to reach 

approximately 1.5 million metric tons in about six years. As of today, the average olive 

production of olive oil is approximately 140 000 tons/year which is drastic compared to 8 

years ago when it was just 74 000 tons/year. Besides this big improvement, olive cultivation 

areas have increased by 20% which is about 933 575 hectares. [20] 

In addition, the Green Morocco plan has many initiatives to make the agricultural field in 

Morocco one of the most important sectors in the economic development, so that it would be 

the most stable, productive, and competitive sector in the country. Therefore, many projects 

are launched in order to achieve the following goals: 

 1.2 million hectares of planted olive surface by 2020 

 2.5 million metric tons of oil produced by 2020 

 Investment of 10 billion MAD in the renovation and technical assistance of farms [20] 

5.1 Huiles de Saiss Company 
 

As a result of many years of effort, investment and expertise in the agricultural sector, 

and with the combination of the highest level of technical support, last technologies of 

treatments and methods, O’LIVE is qualified among the best extra virgin oils in Morocco that 

is exported abroad.  
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The technologies and machines used in Huiles de Saiss factory include the harvesting of olive 

by hand or using small vibrators, then passed into crushing unit and pressed under very 

favorable conditions in terms of temperature. While olive oil is extracted, olive pomace on the 

other hand needs to go through a separator machine that enables the separation of pomace ( 

without pits ) from olive pits. Finally, in order to maintain its flavor, the olive oil processes is 

carefully stored in stainless steel and protected from light and humidity, and maintained in a 

temperature ranging from 18°C to 21°C. 

 

Figure 11: Process of olive oil and olive pits production  in Huiles de Saiss company 
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Last year ( 2015), the mill used about 3 800 tons of olives and produced 824 000 liters 

of olive oil which is approximately 710 tons ( knowing that the density of olive oil at 20°C is 

860kg/m3 ). As a result of crushing olives harvested and extracting olive oil, and using the 

olive pits separator machine, the annual olive pits is about 10% of the weight of the olives 

used before being processed which equals 380 tons of olive pits. 

For this year, the expected annual olive oil production is about 750 tons (870 000 liters). 

Since each 4.6 kg of olives harvested produces 1 liter of olive oil, 4000 tons of olives will be 

needed approximately in order to produce the targeted quantity. Furthermore, 10% of the 

weight of olives harvested will give olive pits, which will be equal to 400 tons of  olive pits. 

In other words, if 750 tons of the annual production matches with the production of 400 tons 

of olive pits  

Knowing that the average mass of olive pits needed to generate the annual energy of a 

medium sized hammam in Morocco is about 124 528 kg, the olive pits got after the extraction 

of olive oil in Huiles de Saiss company and after the separation operation from olive pomace 

might satisfy the needs of 3 hammams per year.  

5.2 Extansion of the new process of getting olive pits 
 

Only 5% of Moroccan modern& semi modern units of olive oil production use the 

separator machine that separates olive pits from olive pomace, so we don’t really get benefit 

of olive pits domestically.Since there are 565 semi modern and modern units and 15 000 

mâasra that are crushing annually about 760 000 tons of olives, 76 000 tons of olive pits will 

be produced annually if all of these units use the separator machine.[1]76 000 tons of olive 

pits would satisfy the needs of 585 hammams if we assume that the average annual 

consumption of olive pits is 130 000 kg/ hammam which represents 11.2% of the Moroccan 

hammams (5000 hammams). 
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Additionnally, the annually consumption of these 5 000 hammams is estimated to be 1.25 

million tons of wood per year meaning that the annual consumption of wood per hammam is 

considered to be 250 000 kg. Therefore, this project will prevent the consumption of 146 250 

tons of wood per year which will reduce the risk of deforestation in Morocco and its impact 

on the climate change. 

The following diagram shows the benefits of the implementation of using “olive pits in 

Moroccan hammams” project in Morocco  

 

 

 

 

 

 

 

 

 

 

 

 

Diagram 2: Benefits of project accomplishment in Morocco 

 

 

 

 

 

585 hammams 

will use olive pits 

instead of Wood 

146 250 tons of 

wood saved 

annually 

Annual savings of 

16.7 millions of 

Dirhams 

 Less forest degradation 

 Less deforestation 

 Decrease in concentration of 

greenhouse gases in the 

atmosphere 

 Reduction of CO2 Emission 
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6- Conclusion and recommendations 

To conclude, this project presented and evaluated the use of biomass boilers ran by 

olive pits rather than wood in order to reduce wood consumption, to improve energy 

efficiency, to increase energy savings, and to reduce deforestation. 

A comparative study has been done to know which biomass is the most beneficial one 

in terms of calorific value and costs. The study was mainly based on the annual consumption 

of enery for water and space heating in 3 hammams in Meknes that are different in terms of 

size and number of visitors. Yet, it has been claimed that the project is feasible in the whole 

country since Morocco is one of the largest producers and exporters of olive oil. Therefore, a 

very good waste management within all Moroccan olive oil production units and the use of a 

separator that takes out olive pits from the pomace got after the crushing of olives can ensure 

the profitability of 585 hammams from this project.  

Additionally, there are some otherways that can enhance the heating systems in 

hammams and minimize the use of wood as fuel, such as:  

 The use of solar energy 

 Improvement of thermal insulations of the hammams’ roofs and walls. 
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APPENDIX A: CSB MARINA FROM WWW.CTPASQUALICCHIO.IT 
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APPENDIX B:SANSONE, THE KERNEL SEPARATOR WITH CYLINDRICAL ROTATING GRID 
(SOURCE: WWW.PIERALISI.COM) 

 

 

MODELS 
SANSONE S1 - CO-ROTATING GRID - 2 PHASES 

Installed power [kW] 22.55 

Production [kg/h] 8000 

Total width [mm] 1400 

Total length [mm] 1940 

Total height [mm] 1760 

Weight [kg] 950 

SANSONE S2 - COUNTER ROTATING GRID - 3 PHASES 

Installed power [kW] 22.55 

Production [kg/h] 5000 

Total width [mm] 1400 

Total length [mm] 1940 

Total height [mm] 1760 

Weight [kg] 950 

SANSONE S3 - COUNTER ROTATING GRID - MULTIPHASE 

Installed power [kW] 22.55 

Production [kg/h] 5000 

Total width [mm] 1400 

Total length [mm] 1940 

Total height [mm] 1760 

 


