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Abstract 
This project aims to study the implementation of biomass co-generation and solar thermal 

systems in L’annex, an off-campus residential area and school in Ifrane. The biomass co-

generation combined to a system of solar collectors will fully supply the energy demand of the 

center with renewable energies. The CHP will cover 70 % of the thermal energy and 100% of the 

electrical one. While, the solar thermal system will supply 30% of the thermal energy demand of 

L’annex. This study will present an engineering assessment of the two green technologies with 

respect to their efficiency, profitability and feasibility. The work has been divided into three main 

parts: bibliographical, engineering study and financial study. The fist part deals with the situation 

of the environment and sustainable energies in the world and in Morocco. The second part is an 

experimental and theoretical analysis of the co-generation, solar thermal and biomass. The third 

part is purely about the study of feasibility and profitability of the two sustainable energy 

technologies proposed. While assessing the energy consumption, it was found that 144,000 L of 

Diesel are consumed yearly to produce a thermal energy of 1,490,944 kWh and emit 

approximately 388.396 tons/year of carbon dioxide. Nevertheless, after the theoretical execution 

of the two ecofriendly systems, the carbon dioxide releases decrease by 94%. The cogeneration 

suggested will supply the off campus residences with an energy of 1,206,593.9kWh via the 

combustion of a biogas produced from the anaerobic digestion of gardening and kitchen wastes 

of Ifrane and Al Akhawayn University. While, the solar thermal system will provide a thermal 

energy of 447,283.2 kWh. These two ecofriendly investments will have a return of 51.88 % and 

will payback after two years. Last but not least, the implementation of the CHP combined with a 

solar thermal system will have positive impacts on the environment, on the people living in 

L’annex and will be cost-effective. 

Keywords: biomass, co-generation, thermal, solar and sustainable.
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1. Introduction 

 1.1General Context 

Over the few last decades, our planet witnesses global warming, which is threatening    

and harming our existence. This phenomenon is mainly due to the emission of greenhouse gases 

and the combustion of fossil fuel used for economic and social purposes. Climate change has 

consequences on nature such as: floods, rise in sea level, disproportionate heat through the four 

seasons, rockslides, scarcity of water and storms. But, it also affects other aspects of human 

beings’ life such as the economy and the lifestyle. It is said that by 2100, a climate change by 1.8 

to 4oC could conduct to an increase in the sea level of approximately 18 to 59 cm, which is a 

terrifying number. Greenhouse gas release is considered as a huge threat to the humankind 

regarding its impact on climate changes, with theoretically dreadful effects on humanity. 

Nowadays, the world is concerned to find suitable solutions to generate energy without damaging 

or misusing our environment. The most favorable solution provided was the use of renewable 

energies in all its types: solar, hydroelectric, geothermal, biomass and tidal power. Sustainable 

energies added to enhancing energy efficiency may lead to a drop in the consumption of fuel, a 

reduction of greenhouse emissions, consequently, it will highly contribute to the prevention of the 

environment from climate changes. 
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            Figure 1: Annual Greenhouse Gas Emissions by Sector 

	   The	  kingdom	  of	  Morocco	  is	  genuinely	  concerned	  with	  the	  future	  of	  the	  environment,	  

the	   shortage	   of	   conventional	   sources	   of	   energy	   and	   the	   high	   prices	   of	   gas	   and	   oil.	  

Consequently,	   the	  Moroccan	   government	   chose	   to	   implement	   a	   strategy	   based	   on	   the	  

integration	   of	   sustainable	   energies	   in	   different	   fields	   since	   it	   owns	   all	   the	   capabilities	  

and	  resources	  needed. This strategic plan was promulgated by the Dahir No.1-10-16 in 26 

Safar 1431 (February 11th, 2010) [1] and aims to: 

! Strengthen the energy security by diversifying the energy resources so as to monitor 

the planning of the energy reserves and optimize the energy balance. 

! Allow all the social classes to access the sustainable energies at a fair competitive 

price. 

! Promote the use of renewable energies in Morocco in order to enhance the 

competitiveness of the country and preserve the environment by the use of green 

technologies. 
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! Reinforce the regional integration of Morocco through market openings  

This new approach aligns with the continuing worldwide changes in gas and oil significant 

prices and the scarceness of nonrenewable energy sources. Developed countries chose to face 

those climate issues by making sustainable energies their priority because they aim to fulfill 

their objectives despite all the circumstances. Simultaneously, in order to achieve their 

environmental objectives, they need universal sources overseas affiliated to the solar energy 

and wind power. The kingdom of Morocco is among the best candidates to become an 

important exporter in the MENA region. As a consequence, Morocco decided to establish a 

striving energy plan for 2020 and 2030 in order to guarantee its competing offer. This 

strategy encompasses the stimulation of extensive economical projects and requires the 

following: 

! By 2020: Rise in the primary energies demand by 45% and 68% in the electric power 

demand  

! By 2030: Rise in the primary energies demand by 18.5% 

	  

Figure 2:Goals for the future installations of wind and solar powers for 2015 and 2020 in 

Morocco 
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1.2 Project Objectives 

This capstone project aims to find adequate solutions for energy consumption for the off 

campus residence by implementing solar thermal and biomass cogeneration systems. In other 

words, the main goal is find a substitute for Diesel boilers that are harmful to the environment 

and expensive. L’annex is an off-campus residential area located at the entrance of Ifrane (road to 

Meknes). Also, L’annex contains a school “Ifrane School” and a kindergarten too. The main 

purpose behind this project is to provide the center with sustainable, efficient and cost-effective 

alternatives. As a result, I thought of studying the implementation of a biomass co-generation 

system that will produce simultaneously electricity and heat. In addition, I will combine this CHP 

with a solar thermal system of solar panels that will generate heating too.  

  In order to make this project successful and feasible, I followed some steps and set some 

objectives: 

! Collect all data needed for the computation of the energy consumption of L’annex. 

! Provide suitable solutions in terms of efficiency, profitability, feasibility and 

sustainability. 

! Assess the proposed cogeneration units and solar panels.  

! Investigate the cost and energy savings of the alternatives. 

! Evaluate the green house gases emissions before and after implementing the 

ecofriendly solutions. 

In	   point	   of	   fact,	   I	   chose	   the	   biomass	   cogeneration	   as	   a	   solution	   for	   the	   energy	  

consumption	  at	  L’annex	  for	  many	  reasons.	  First,	  this	  CHP	  is	  one	  the	  most	  efficient	  means	  to	  

generate	   energy	   at	   an	   effective	   cost.	   It’s	   also	   ecofriendly	   and	  help	   in	   the	   lessening	   of	   the	  

emissions	   of	   GHG.	   Furthermore,	   the	   region	   of	   Ifrane	   is	   known	   thoroughly	   for	   the	   forest	  
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resources	  and	  agriculture	   fields,	  which	  contain	  diverse	  types	  of	  biomass	  (agricultural	  and	  

crop	   residues),	   and	   that,	   are	  very	  affordable	   comparing	   to	  other	   fuel	   sources.	  Concerning	  

the	  solar	  thermal	  heating,	  I	  opted	  for	  this	  system	  because	  there	  is	  a	  large	  area	  in	  L’annex	  for	  

the	  solar	  panels,	  where	  they	  can	  collect	  enough	  sun.	  The	  location	  of	  L’annex	  is	  perfect	   for	  

the	   solar	  panels	  because	   there	  are	  no	  buildings	   that	  will	   inhibit	   the	   collection	  of	   sunlight	  

from	  different	  angles.	  Furthermore,	  this	  thermal	  solar	  system	  will	  be	  an	  auxiliary	  system	  to	  

the	  cogeneration	  one	  in	  term	  of	  the	  heat	  production.	  

2. Literature Review 

2.1 The history of biomass energy 

Energy	  can	  be	  considered	  as	  the	  source	  of	   life.	   It	   is	  a	   fundamental	  resource	  for	  the	  

existence,	  reproduction	  and	  development	  of	  humankind.	  Sun	  is	  the	  primary	  power	  source.	  

The	   traditional	   energy	   source,	   which	   is	   the	   nonrenewable	   fuel	   source,	   is	   composed	   by	  

catching	   the	   sun	   energy	   over	   geological	   ages.	   Furthermore,	   all	   the	   sustainable	   energies	  

are	  somehow	  directly	  and	  indirectly	  connected	  to	  the	  sun.	  All	  creatures	  need	  solar	  energy	  

to	   exist	   because	   it’s	   related	   to	   all	   the	   aspects	   of	   our	   existence.	   Hence,	   without	   the	  

photosynthesis,	  which	  a	  process	   that”	   gives	   the	  plants	   the	  energy	   to	   convert	  water	   and	  

carbon	  dioxide	  into	  oxygen	  and	  sugars”[3],	  life	  wouldn’t	  be	  possible.	  Sun	  is	  literally	  life;	  “it	  

provides approximately 1366 watts per square meter per second (W/m2/s), hence, about 

170,000 terawatts (TW/m2/s) on the Earth’s surface”[2]. 

 The first utilization of energy by humankind was the proficiency of fire. They used it as a 

heating source and for cooking, by using wood as a biomass. Hence, the biomass energy is an old 

trend that dates from 500, 000 years at least. Moreover, fire enhanced the safety of human life by 
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creating light and this way the development of habitation was promoted. This way of exploiting 

biomass conducted to the invention of ovens that were used simultaneously for cooking and 

crafting. Later, Agricultural Revolution was the following achievement of mankind. This 

revolution enabled the increase and the diversification of food, which allowed human beings to 

settle, and consequently increased the demographical growth. Eventually, there was a transition 

from the organic economy era to the “Industrial Revolution’’ where fossil fuel is the leading 

resource. The steam engine was the secret behind the industrialization age. It permitted the 

transformation of thermal energy into a mechanical energy. 

 

	  

Figure 3:The total worldwide primary energy supply between 1900-2009Here is a snapshot of the 

evolution of biomass in the world: 

In	  1840,	  the	  first	  biomass	  gasifier	  was	  used	  and	  built	  in	  France.	  Then	  in	  1880,	  Ford	  utilizes	  

ethanol	   as	   a	   fuel	   for	   the	   quadricycle	   automobiles.	   	   Later,	   wood	   is	   replaced	   by	   coal	   for	  

heating	   homes.	   Subsequently,	   in	   1950,	   wood	   is	   again	   superseded	   by	   natural	   gas	   and	  
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electricity.	  At	  the	  beginning	  of	  the	  twentieth	  century,	  biomass	  energy	  is	  increasingly	  used	  as	  

an	  efficient	  source	  of	  energy	  for	  environmental,	  social	  and	  economic	  purposes.	  During	  the	  

late	   nineties	   and	   the	   early,	   technology	   made	   biological	   power	   as	   one	   the	   most	   efficient	  

source	  of	  energy	  by	  producing	  machines	  that	  can	  convert	  animal	  and	  plants	  wastes	  into	  a	  

fuel.	  

2.2	  The	  Advantages	  of	  Biomass	  Energy	  

Biomass is a never-ending and fast-evolving source of renewable energy. It’s one the 

oldest mean to generate energy .For industrialists and producers, it’s an efficient approach for 

recovering the waste, turning it into energy and developing ecological initiatives for the industry. 

In addition, biomass contributes in the reduction of GHG emissions since it’s one of the prime 

CO2 emissions saver and help businesses and societies to be more autonomous, economical and 

effective. Moreover, we should not forget that biomass energy could have many benefits on the 

social and economical aspects of the country by creating new job opportunities, stimulating the 

economy, developing new businesses and enhancing the competitive advantage of the country, 

economy or industry by adding value through developed sustainable energies identifications. It’s 

also a significant way to contribute in the sustainability ambitions of the country by reducing the 

negative ecological footprint of humankind and minimizing the exposure to the unsettled prices 

of fossil fuel; biomass in all its kinds is provided at affordable prices. Financially speaking, 

usually the businesses that use biomass energies have tendency to have realistic and small 

payback periods. They also save consistent amounts on energy bills. 

2.3 Biomass Energy in Morocco 

Since the world is currently facing the results of global warming, the world urges to find 

satisfactory solutions. Biomass, which is one of the oldest resource of sustainable energies, is 
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now a relevant solution and way to generate energy. Morocco is known for having large 

amounts of forests that covers up to nine million hectares and huge units of cattle that reaches 

seven million units. These environmental assets should be properly exploited so it can be a 

source of green technologies. Biomass can be categorized into three main categories in the 

Moroccan territory:  

! Agricultural products and wood: logwood, woodchips, and pellets. 

! Solid Waste: olive pits, almond shells, argan seeds 

! Animal residues: animal manures. 

	  

    Figure 4:Biomass Sources 

2.2 Solar Thermal Power Systems in Morocco 

Morocco is not a country that produces oil so it relies on fossil fuel imports for over than 

91.7%. To reduce this dependency, it has launched a very large striving solar energy project with 

an investment of about nine billion dollars. This Moroccan environmental plan is thought to be a 

giant accomplishment for the country ‘s direction toward a safe and renewable energy supply that 

is affordable, clean and green. This milestone aims to produce 2000 MW of solar power by 

building large-scaled power projects in five different locations: Aïn Beni Mathar (Oriental 
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Region), Laayoune (Moroccan Sahara), Boujdour (Western Moroccan Sahara), Ouarzazate 

(South) and Tarfaya (South). These sites will be equipped with photovoltaic, solar thermal and 

concentrated solar power machineries. The kingdom of Morocco is regarded to be the African 

country with a power link to Europe and a leader in “Mediterranean Solar Plan ” and “Desertec 

Industrial Initiative”[3]. 

In Ouarzazate, Noor Concentrating Solar Power station (Noor CSP) was established as the 

greatest solar power plant in the world. It’s an investment estimated at 2.3 billion Euros. It has a 

capacity of 580 MW that will generate an expected annual yield of 1.2 TWh. The project aims to 

meet the energy demand of one million people by 2018. Many establishments helped in the 

financing of the Noor project such as the World Bank, the European investment bank and the 

German bank. 

During the year 2010, MASEN “ the Moroccan Agency for Solar Energy” was founded to 

execute the energy plans of Morocco. Its purpose is to implement, monitor and coordinate all the 

activities that lead to the execution and success of these projects. The agency stakeholders are 

“L’Office National de l’Electricitié “ (ONE), Energetic Investment Company and Hassan II 

Funds for Economic and Social Development. They all are regarded as solid supports of 

investment. 

2.3.1 Cogeneration Systems 

Cogeneration system also known as combined heat and power or CHP is the process of 

producing simultaneously heat and electricity. The primordial principle of combined heat 

power consists mainly on optimizing the benefits that result from the system by using the 

amount of heat needed. The cogeneration system throughout heat use can have an energy 
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efficiency that reaches 90% or above. Cogeneration plants maximize the supply of energy by 

providing the consumers with the following benefits: 

!  High energy efficiency; cogeneration is known for being the most cost-effective and 

energy-efficient system for power generation 

! Reduce the emissions of greenhouse gas, mainly carbon dioxide. According to Kyoto 

protocol, CHP is the only main solution. 

! Provide an extra competitiveness at the industrial and commercial levels because it’s 

affordable and cost-effective. 

! Enhance the local and overall security of the supply process by reducing the risk of not 

providing the consumer with electricity or heating. 

! Offer more job opportunities for the citizens 

! Reduce the dependency of the country on the imports and it’s the case for Morocco. 

! By delivering high efficiency energy, the diffusion of losses will be avoided and the 

flexibility of the plant will be increased, especially when the energy conveyor is natural 

gas. 

Cogeneration systems are two types: Topping cycle and bottoming cycle. Topping cycle is the 

most used one where the energy source is first exploited to produce mechanical energy or 

electricity and the amount of heat wasted is used to generate thermal energy. Whereas the 

bottoming cycle is the opposite process, it provides first thermal energy and through the waste 

heat it generates electricity. 

Indeed, for the small-scale projects, the CHP plant can be either under the form of a Rankine 

cycle or a “steam- CHP plant”. For the steam-cogeneration plant, the boiler in which the biomass 

is combusted produces steam that is used to work the turbine to accordingly provide heat and 

power for the facility. The difference of pressure across the system leads to the generation of 
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electricity. This system provides the best results, when the pressure formed downstream the 

boiler is high, because it works in combination with the steam mass flow rate. 

For the Rankine Cycle, it uses heated to generate steam with high pressure that will pass through 

a steam turbine so as to water as the working fluid, which is heated to produce high-pressure 

steam, which is passed through a steam turbine that will turn the generator and provide the 

facility with electricity. If we talk about “the Organic Rankine Cycle “, it basically follows the 

same concept of the Rankine. Yet the only dissimilarity is that Rankine uses water while organic 

Rankine uses an organic fluid. Therefore, this organic system can create electricity using 

contemporary efficient generator but consuming the output temperatures produced by a biomass 

boiler without requiring the production of high-pressure steam. 

2.3.2 Cogeneration Plant in Morocco: ISCC Ain Beni Mathar 

ISCC Aïn Beni Mathar is the “Integrated Thermo Solar Combined Cycle Power Plant”[4]. 

It’s thermo solar combined cycle power plant situated in the eastern part of morocco amid the 

province of Jerada, in the Oriental region.  

The plant field introduces a solar field that covers up to 88 hectares. It has a total capacity 

of 472 MW from which 20 MW might be generated by the solar energy. The total annual energy 

production can reach 3,538 GWh. This plant is linked to Maghreb-Europe pipeline through a 12.6 

km pipe, and uses natural gas as the carrier of energy. The Ain Beni Mathar ISCC involves 

! An area approximated  to 183,200 m2 

! Two 150.28 MW Alstom GT13E gas turbines powered by natural gas 

! One 172 MW Alstom DKYZ2-1N41B steam turbine 

! Two recovery boilers for each gas turbine that recuperate the heat loss 

! Solar heat exchanger 
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! Parabolic Troughs 

The concentrated solar power devices expand the steam flow generated in the recovery 

boilers and then extended in the steam turbine at a high, medium and low pressure. The energy 

created is transmitted through three high voltage lines of 225 kV to Bourdim and Oujda. 

This project wasn’t only beneficent to Moroccan at the environmental and economical levels. It 

offered many job opportunities to citizens: 500 workers were employed. It boosted the regional 

industrial and economical activities. 

	  

Figure 5: Ain Beni Mathar ISCC 

4.2 Cogeneration Plants Role in the generation of electricity in Europe 

 Currently the cogeneration system provides the European union with 11.7 % of its global 

electricity. Yet, there are some significant difference in the use of this green technology for the 

electricity production by the members of EU that varies between 0% and 48.8%. 

“According to official Eurostat figures from 2011, there is no cogeneration in Malta, and very 

little in Cyprus (0.6%) or France (2.7%). Slovakia has the greatest share of cogeneration in total 

electricity generation (78.6%) followed by Denmark (48.8%)” [5].The new member states of the 
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European union has a relevant potential for renovating and upgrading heating systems and that 

could be included in a cogeneration because they have an adequate infrastructure for this 

ambitious project. 

5.STEEPLE Analysis 

STEEPLE	   analysis	   is	   a	   strategic	   managerial	   analysis	   that	   takes	   into	   consideration	  

seven	  influencing	  factors:	  societal,	  technological,	  environmental,	  ethical,	  political,	  legal	  and	  

economical.	  This	  planning	  method	  allows	  the	  setting	  of	  a	  project	  at	  a	  macro-‐environmental	  

level.	  
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Figure 6: STEEPLE Analysis 

Economic:	  The implementation of  cost-effective ecological solutions. Solar thermal and 
biomass energy systems are profitable and efficient for the customers.  

Legal:	  Law No.13-09 related to the renewable energies promulgated by the Dahir No.
1-10-16 states that sustainable energies should be adopted and integrated in the economical 
and technological areas. 

Political:	  Take part of the development of Morocco by adopting and integrating the use of   
sustainable energies in several fields. The political system of Morocco gives a great 
importance to the use of sustainable energies.  

Ethics	  :	  Preserving the environment by the use of clean ecofriendly energies and the 
decrease of the energy consumption. 

Environmental:	  Solar and biomass energies are green solutions that won't affect 
negatively  neither the environment nor the health of human beings. In addition, it will help in 
reducing greenhouse gas emissions and reduce the use of traditional fuel sources that will 
know a shortage in the near future. 
   

Technological:	  The use of a solar thermal and biomass cogeneration systems to generate 
energy, which are green technologies. In addition, we are combining two very efficient 
technologies "biomass cogeneration to generate heat and power. In Morocco, there is only one 
CHP plant and we could be able to implement a small-scale in Ifrane. 

Social:	  The	  demographical	  growth	  conducts	  to	  the	  rise	  in	  the	  demand	  of	  fossil	  fuel	  for	  
economical	  ,	  industrial	  and	  societal	  concerns.	  Solar	  thermal	  and	  biomass	  systems	  will	  
generate	  the	  needed	  energy	  by	  adapting	  the	  growth	  of	  human	  population.	  	  	  
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3. Engineering Study 

3.1. Methodology 

	   As	   I	   stated	   earlier,	   this	   capstone	   project	   concerned	   with	   the	   study	   of	   the	  

implementation	  of	  both	  biomass	  co-‐generation	  and	  solar	  thermal	  systems.	  Instead	  of	  using	  

Diesel	  as	  a	  fuel	  source,	  I	  selected	  two	  biodegradable	  and	  profitable	  options.	  Consequently,	  I	  

had	  to	  gather	  all	  the	  essential	  data	  that	  helped	  me	  in	  computing	  the	  total	  energy	  consumed	  

by	   L’annex.	   Thanks	   to	   the	   grounds	   and	   maintenance	   ,	   I	   could	   know	   the	   annual	   Diesel	  

consumption	   used	   for	   heating	   (heaters	   and	   hot	   water)	   and	   all	   the	   utilities	   bills.	   The	  

information	   collected	   is	  of	   the	  year	  2015-‐2016.	  To	  attain	   this	   goal,	  many	   steps	  had	   to	  be	  

followed:	  

• I	  had	  to	  enquire	  about	  the	  situation	  of	  fuel	  sources,	  sustainable	  energies	  worldwide	  

and	   in	  Morocco.	   In	  addition,	   I	  had	   to	  know	   the	  possible	   substitute	  energy	  sources,	  

availability	   and	   the	   revolutionary	   technologies	   that	   could	  be	  useful	   and	   feasible	   in	  

order	  to	  solve	  the	  problem	  of	  L’annex.	  

• After	  deep	  enquiries,	  I	  had	  to	  choose	  adequately	  the	  green	  technologies	  that	  will	  suit	  

in	  all	  the	  ways	  all	  the	  conditions	  of	  L’annex	  (location,	  weather,	  energy	  consumption).	  

• During	  the	  fieldwork	  phase,	   I	  visited	  L’annex	  with	  Mr.Elakkaoui,	   the	  responsible	  of	  

the	  off-‐campus	  housing	  department.	  I	  investigated	  the	  location,	  surface	  and	  its	  solar	  

orientation	   for	   the	   solar	   panels.	   In	   addition,	   I	   went	   the	   ground	   and	   maintenance	  

(building	  12)	  in	  order	  to	  gather	  the	  information	  so	  as	  to	  compute	  the	  energy	  demand	  

of	   L’annex.	   I	   contacted	  Mr.Ezzaki	   and	  Mr.Benabdallah,	  who	  were	   very	   helpful	   and	  

patient.	  They	  gave	  me	  a	  lot	  of	  information	  and	  valuable	  advice.	  



	   16	  

• The	   last	   step	   consisted	   of	   finding	   the	   suitable	   Combination	  Heat	   and	   Power	   plant	  

that	   work	   with	   biomass	   energy.	   I	   had	   to	   find	   an	   incorporated	   gasification-‐CHP	  

system	  that	  will	  suit	  the	  size	  of	  the	  facility.	  Besides,	   I	  had	  to	  opt	   for	  a	  solar	  system	  

that	   can	   with	   the	   cold	   weather	   so	   it	   should	   ensure	   an	   anti-‐frosting	   and	   backup	  

systems.	  

3.2 Biomass Cogeneration System of L’annex 

	   3.2.1	  Olive	  Pits	  
	  

The production of olive oil exceeds seventeen million tons internationally every year and 

twelve million tons only in Europe. The olive residues are largely sufficient for biomass fuel 

production. The residues of olives are composed of olive kernels/stones/pits and olive dried husk. 

“The kernels are a side product of the olive oil production and are obtained through compression 

of the olive in the oil mill and subsequent separation from shell and pulp rests. Thanks to modern 

centrifugation machines, the crashed kernels are clean and free of any dust or impurities.”[6] 

Olive pits have a considerable energy release and a high heating value greater than the one of 

wood and other agricultural biomass. Moreover, some scientific studies has shown that olive pits 

can applied in decontaminating the wastewater via the process based on bio-absorption to 

eradicate metals. 
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Figure	  7:Olive	  kernels 

	   3.2.2Olive	  Pits	  Characteristics	  
	  

Since we are implementing this biomass cogeneration system in the region of Meknes-

Tafilalet, I opted for olive pits as the fuel source for the CHP system because this region is very 

known for olive farming and cultivation. Olive pits is the best alternative because it has high 

heating value (about 20kJ/kg), contains low moisture (9-10 %) and can be used as an energy 

source for boilers that produce heating and those that generate electricity. In addition, it has a 

large density, which gives a concentrated energy, and it’s a renewable source of energy.  

In order to know the properties of olive pits, ultimate and proximate analysis should be taken into 

consideration. The ultimate analysis consists of determining the percentage composition of ash, 

moisture, carbon C, hydrogen H, nitrogen N, Oxygen O, sulfur S and chlorine Cl. While the 

proximate analysis involves defining the volatile matter, ash, fixed carbon and heating values. 

Olive pits, also called olive kernels or olive stones, are composed of carbon C, hydrogen H, 

nitrogen N, Oxygen O, sulfur S and chlorine Cl. 

Here is a table that describes the physical and chemical properties of olive pits on a dry basis. 

Table 1: Properties of Olive Pits 

Olive Pits Properties Value (dry basis) Unit 

Ultimate Analysis (dry basis) 



	   18	  

Carbon 52.270 Wt% 

Hydrogen 7.485 Wt% 

Nitrogen 0.060 Wt% 

Oxygen 40.097 Wt% 

Sulfur  <0.1 Wt% 

Chlorine 0.888 Wt% 

Proximate Analysis 

Volatile 80.94  

Ash 0.56 Wt% 

Fixed Carbon 18.50 Wt% 

Moisture 9-10 Wt% 

Calorific Values 

Net Calorific Value (LHV) 18.96 MJ/kg 

Gross Calorific Value (HHV) 20.70 MJ/kg 

Chemical Analysis 

Cellulose 18.6 Wt% 

Hemicellulose 25.1 Wt% 

Lignin 39.3 Wt% 

Ash Properties 

 

𝑁𝑎!𝑂 
0.95 Wt%(ash) 

𝐾!𝑂 
 

42.88 Wt%(ash) 

𝐶𝑎𝑂 
 

8.44 Wt%(ash) 
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𝑀𝑔𝑂 1.51 Wt%(ash) 

𝑆𝑖𝑂! 12.98 Wt%(ash) 

𝑃!𝑂! 3.43 Wt%(ash) 

𝐹𝑒!𝑂! 0.91 Wt%(ash) 

𝐴𝑙!𝑂! 0.90 Wt%(ash) 

𝑀𝑛𝑂 0.05 Wt%(ash) 

𝑇𝑖𝑂 0.07 Wt%(ash) 

*Ash: the content that does not contain carbon and it may arise from the biomass or the 

substances absorbed during its growth. 

*Volatile Matter: the percentage of matter that is released at a high temperature. 

*Moisture Content: the amount of water contained in the olive pits. 

*Heating Value: the quantity of heat liberated during combustion.  

*Cellulose: main component of the cellules of plants and that contains units of glucose. 

*Hemicellulose: polysaccharides that are in the cells of plants 

*Lignin: an organic complex that ties up to cellulose and make the plant rigid. 

3.2.2	  Conversion	  Process	  of	  Biomass	  
	  

Biomass in general, or olive pits in this case, can undergo two types of conversions. The 

process of converting biomass into a source of energy can either be thermochemical or 

biochemical. The kind of conversion chosen depends mainly on the type of biomass, the 

quantity and the form of energy desired. 

3.2.2.1Thermochemical	  Conversion	  of	  Biomass	  
	  
The thermochemical biomass conversion, which is the transformation of solid or liquid into 

gas with a use of heat and oxygen. Indeed, the three main types of thermochemical 
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conversions are combustion, gasification and pyrolysis. However, the most favorable process 

is the gasification that combines both combustion and pyrolysis. Gasification is one the 

thriving biomass conversion procedures in which the energy efficiency is greater than the one 

of combustion. Actually, it comprises the conversion of solid or liquid biomass into a producer 

gas by undergoing several thermal and chemical reactions. The producer gas is a gas 

combination encompassing hydrogen H2, nitrogen N2, carbon monoxide CO, carbon dioxide 

CO2 and traces of methane CH4. 

  Yet, during the gasification process, we can encounter the formation of tar, which is a 

compound composed of hydrocarbons that can inhibit the process of gasification. 

“There are some sophisticated options available, which have claimed to reduce tar amount 

significantly. However, the method must be efficient in terms of tar removal, economically 

feasible, but more importantly, it should not affect the formation of useful gaseous products”.[7]  

We can categorize the kinds of methods to reduce the tar or remove it completely into two types: 

primary method and secondary method. As shown in figure 9,the primary process embraces the 

lessening or the conversion of tar inside the gasifier. This technique is not yet implemented 

because it is still not understood clearly. Indeed to develop a high-quality gas, the performance of 

the gasifier should be enhanced by optimizing its performance of operation, design, features and 

gasification conditions. 

	  

Figure 8: Primary Method Concept 
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Concerning the secondary method (figure 10), it’s a traditional technique that comprises the 

reduction or removal of tar outside the gasifier through chemical or physical treatment either by: 

• Cracking the tar after the producer gas exits the gasifier via heat or catalysts 

• Mechanical techniques such as different types of filters, rotating separator, or cyclone. 

	  

Figure 9:Secondary Method Concept 

After the production of the producer gas, it should be connected to a gas cogeneration unit that 

will generate heating and electricity.  

3.2.2.2	  Biochemical	  Conversion	  of	  Biomass	  
	  
The biochemical conversion is more time-consuming than the thermochemical one and 

involves breaking down biomass into a gas or liquid fuel using biocatalysts such as bacteria 

and enzymes. The most used and practical types of biochemical conversion are digestion and 

fermentation. 

Concerning the digestion, it can be either aerobic that occurs in the presence of oxygen, or 

anaerobic that does not require oxygen. For L’annex, I opted for the anaerobic digestion to 

produce a biogas that will the fuel source for the cogeneration system since it’s a small-scale 

project. This option of combining a digester with a co-generator will be more efficient and 

cost-effective and it is one the most revolutionary technologies in green energies. 
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The anaerobic digestion is a natural phenomenon in which organic materials are converted 

into a combustible gas “biogas” thanks to the bacteria. This procedure takes place in an 

oxygen-free atmosphere in which acid-forming and methane-forming microorganisms 

decompose the biomass to create carbon dioxide CO2 and methane CH4 in a gaseous state 

otherwise known as the biogas. The most important component of the biogas is methane 

CH4 because it is combustible gas that can be later used as a fuel source. “The obtained 

biogas in anaerobic digestion is obtained at the rate of 300 l/kg of dry material, with an 

approximate calorific value of 5,500 Kcal/m3. The biogas composition is variable, but it is 

predominantly formed of methane (55-65%) and carbon dioxide (35-45%) and in less 

proportion, nitrogen (0-3%), hydrogen (0-1%), oxygen (0-1%) and hydrogen sulphide 

(tracks).” [8] 

Biogas is formed through a process that can be divided into four principal phases:  

! The hydrolysis: is the disintegration of proteins, carbohydrates and fats into smaller 

elements  “monomers “ principally composed of simple sugar, fatty and amino acids. 

! The acidogenesis: is the conversion of monomers that were previously formed during 

the hydrolysis into fatty acids. The bacteria that intervene during this stage produce an 

acid atmosphere and form NH4, H2, H2S and other products. 

! The acetogenesis: is the decomposition of the output of the acidogenesis, where the 

fatty acids are transformed into hydrogen, carbon dioxide and acetic acids. 

! The methanogenesis: also called biomethanation. It’s the ending step in the formation 

of biogas in which methanogen intervene. 
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Figure	  10:	  Simplified	  Process	  of	  Biogas	  Production 

In order to create a biogas, a specific digestion unit must be used to process the organic 

materials. This digester is designed to boost the growth and activities of methanogenic 

(methane-forming) microorganisms that will produce methane. In general, there are diverse 

kinds of digesters that have numerous sizes, shapes and materials of construction. The most 

usual categories of digestion systems that are used in small-scale projects are the following: 

! Floating drum digester: This kind was extensively used especially in India, but now it’s 

considered out of date. Basically, it is constituted of two parts: an underground part and 

another one on the top. 

! The Fixed Dome model: is one the most successful and worldwide used kind of digesters. 

They have volumes that vary from 4 to 10 metric cubes. This type of digestion units has a 

long lifespan, it is not damageable and it is easy to manage. 

! Plastic tank digester: This technology is made of two tanks. The first tank will be 

responsible of the anaerobic digestion of the organic inputs. Whereas the second container 

is for the accommodation of the biogas produced. This technology is easy to be installed, 

relatively cheap and quick for the start-up of the biogas production. However, it can be 

easily damaged so it’s not practical. 
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! Polyethylene Tube Digester: is a very cheap and easily damaged digestion mean since it 

used the polyethylene as the main material. This technology has a low lifecycle because it 

depends on how the user operates it. Thus, the users should take a specific training for the 

operation and installation of the unit. 

3.2.4 The Proposed Cogeneration System 

The cogeneration system suggested is mainly composed of two components a digester that 

will produce a biogas connected to the cogeneration system. This cogeneration unit is named 

VITOBLOC 200. The CHP system of the VIESSMANN brand. VIESSMANN is an international 

German manufacturer of heating systems based in Germany since the beginning of the twentieth 

century. It provides industries, commercials and residential building with best-quality products at 

fair prices. 

 

Figure 11: The proposed cogeneration unit Vitobloc 200[10] 
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Figure	  12:	  Biogas	  Co-‐generation	  System	  

In the Viessmann Company, there are many types of cogeneration units that are fed with different 

fuel sources (biogas, natural gas) and that have different power output. The types of CHP units 

they have are as follows: 

• Vitobloc 200 EM-50/81 " Energy Output: P,th=81 kW and P,e=50 kW 

• Vitobloc 200 EM-70/115 " Energy Output: P,th=115 kW and P,e=70 kW 

• Vitobloc 200 EM-140/207 " Energy Output: P,th=207 kW and P,e=140 kW 

• Vitobloc 200 EM-199/263 " Energy Output: P,th=263 kW and P,e=199 kW 

• Vitobloc 200 EM-199/293 " Energy Output: P,th=293 kW and P,e=199 kW 

• Vitobloc 200 EM-238/363 " Energy Output: P,th=363 kW and P,e=238 kW 

• Vitobloc 200 EM-363/498 " Energy Output: P,th=498 kW and P,e=363 kW 

• Vitobloc 200 EM-401/549 " Energy Output: P,th=549 kW and P,e=401 kW 

• Vitobloc 200 EM-530/660 " Energy Output: P,th=660 kW and P,e=530 kW 

• Vitobloc 200 BM-36/66 " Energy Output: P,th=66 kW and P,e=36 kW 

• Vitobloc 200 BM-55/88 " Energy Output: P,th=88 kW and P,e=55 kW 

• Vitobloc 200 BM-190/238 " Energy Output: P,th=238 kW and P,e=190 kW 

• Vitobloc 200 BM-366/437 " Energy Output: P,th=437 kW and P,e=366 kW 
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3.3 Solar Thermal System Operating Principle 

	   Solar	   rays	   penetrate	   the	   collector	   across	   the	   transparent	   cover	   and	   attain	   the	  

absorber.	  Then,	  the	  solar	  energy	  absorbed	  will	  be	  converted	  into	  a	  thermal	  energy.	  

As the solar collectors collect sunlight, the increase in temperature leads to the activation of the 

pump. Whenever the solar collectors have a greater temperature than the water inside the tank or 

the water necessitates heating, the pump turns on. The pump transports the closed circuit fluid 

from the solar storage tank heat exchanger through an insulated copper pipe to the solar collectors 

to be heated by the sun’s energy and then back to the heat exchanger. Heat transfers from the 

closed circuit fluid in the heat exchanger to the water stored in the solar storage tank.’’ [10] This 

procedure remains until the solar energy is not available and till the water in the storage reservoir 

attains the aimed temperature that is around 75°C. At this stage, the pump is disabled and turned 

off afterwards. Henceforth, the solar pipe and the closed circuit fluid in the solar thermal system 

is evacuated to the heat exchanger in the storage container. The closed circuit protects the solar 

thermal system also the solar circuit in tough water areas.  
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Figure	  13:	  Solar	  Thermal	  System	  

	  
3.4 The Proposed Solar Thermal System 

	   3.4.1	  Vitosol	  200	  description	  
	  
The solar thermal chosen is also of the brand VIESSMANN. These flat-plate collectors have a 

high performance and are the perfect auxiliary combination to any type of energy system. They 

have an area of absorption that equal 2.3 m2 so they can be efficiently coordinated to every 

energy demand. On the whole, it can contribute to the replacement of 60% of the energy that 

would be required annually for heating and help in the heating backup. I choose especially this 

VIESSMANN solar thermal system because it has many advanced techniques and benefits that 

make it very efficient.  

 The Vitosol solar thermal system has a high performance and a great efficiency because it 

involves a  ThermProtect absorber layer” [11], which is a developed feature that prevents the 

absorption of additional energy when the needed temperature has been attained. The 

monocrystalline structure of the solar collectors changes with respect to the temperature of the 



	   28	  

collector and it consequently decreases the temperature of stagnation. At an absorption 

temperature of 75oC or more, the structure of crystalline of the coating changes and leads to the 

increase of the heat radiation rate. Hence, as soon the temperature of the collector rises the 

collector yield decreases and this whole process inhibits the creation of steam because the heat 

demand is not relevant. Once the temperature falls down , the structure of crystalline goes back to 

the original state. Besides this absorber layer, Vitosol solar thermal system can be installed easily 

and has an anti-freezing system, which is necessary in the case of Ifrane. 

 

Figure	  14:	  The	  proposed	  solar	  collector	  Vitosol	  200-‐FM 

Here is a table that summarizes the types and dimensions of VITOSOL 200-FM.  
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Table 2: Types and Dimensions of the proposed solar thermal system 

 Vitosol 200-

FM (type 

SV2F) 

Vitosol 200-FM 

(type SH2F) 

Vitosol 200-FM 

(type SV2G) 

Vitosol 200-FM 

(type SV2G) 

Gross Area m2 2.51 2.51 2.56 2.56 

Absorber Area m2 2.32 2.32 2.32 2.32 

Aperture Surface m2 2.33 2.33 2.33 2.33 

Dimensions 

Width       mm 

Height      mm 

Depth      mm 

 

1056 

2380 

90 

 

 

2380 

1056 

90 

 

1070 

2394 

90 

 

2394 

1070 

90 

Weight     kg 41 41 41 41 

3.4.2 Optimum Tilt of Solar Collectors 
 
 In order to optimize the performance of the solar collectors, the flat-plate collectors 

should be tilted at a specific angle to catch the maximum solar radiations throughout the day.[12] 

There are many complex factors that impact the amount of sunlight a solar collector can absorb 

and that affect its performance. Global radiation, the day of the year and the average ground 

reflectance (albedo) have a huge influence on the amount of solar radiation received on a specific 

surface at a particular time (incident solar radiation). However, for the half part of the planet that 



	   30	  

is above the Equator (Northern Hemisphere), the orientation of the solar collectors depends 

highly on the latitude, the date and should have a southern orientation. [13] 

In the case of Ifrane, the solar collectors provided should be oriented to the south. Also, they will 

be placed in a place and at an angle (45o) in which they will collect the solar radiation during the 

whole day.  

3.5 E-draw Software 

E-draw software is used to create a template of the biomass co-generation and solar 

thermal systems for the off campus residence. This software shows how the system will be 

implemented in the residential buildings of L’annex. As shown in the figure below, we clearly 

see the combination of the two energy systems that will fully account for the energy consumption 

for the residential buildings.	  It’s	  also	  shown	  that	  the	  co-‐generation	  will	  work	  in	  combination	  

with	  a	  digester	  that	  convert	  the	  gardening	  and	  kitchen	  wastes	  of	  Al	  Akhawayn	  University	  

and	  Ifrane	  into	  a	  biogas	  by	  undergoing	  an	  anaerobic	  digestion.	  This	  biogas	  will	  be	  the	  fuel	  

for	  the	  co-‐generation	  system	  and	  will	  be	  converted	  into	  a	  power.	  As	  seen	  in	  the	  e-‐draw	  

drawing,	  the	  solar	  collectors	  will	  provide	  the	  residences	  with	  30%	  of	  the	  thermal	  energy.	  

Whereas	  the	  co-‐generation	  systems	  will	  generate	  100%	  of	  the	  electrical	  energy	  need	  and	  70	  

%	  of	  the	  thermal	  energy.	  
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Figure	  15	  :	  Template	  of	  the	  co-‐generation	  and	  solar	  thermal	  systems	  using	  E-‐draw	  software	  

	  
3.6 Results 

Table 3: Annual Diesel Consumption 

Diesel Amount Consumed (L) Cost Including Taxes (MAD) 

Residential Area 107,000 501,138.34 

Ifrane School 37,000 166,828.21 

Total 144,000 667,966.55 

	  

Table 4: Diesel Energy 

 Diesel Consumed (L) Density of Diesel (kg/L) GCV (kJ/Kg) 

144,000 0.832 44,800 

	   The	   two	   tables	   above	   give	   us	   the	   information	   to	   compute	   the	   thermal	   energy	  

consumption	  of	  L’annex.	  	  
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First	  of	  all	  we	  have	  to	  compute	  the	  total	  annual	  mass	  of	  Diesel	  consumed	  during	  the	  year	  	  

Mass	  (kg)=	  density	  of	  diesel	  (kg/L)	  x	  volume	  of	  diesel	  (L)	  

Mass	  (kg)	  =	  0.832	  x	  144,000	  =	  119,808	  kg	  

Then	  I	  will	  get	  the	  energy	  consumed	  in	  kJ	  and	  convert	  it	  into	  kWh:	  

Total	  Thermal	  Energy	  Consumption=	  Mass	  (kg)	  x	  GCV	  (kJ/kg)	  

Total	  Thermal	  Energy	  Consumption	  =	  119,808	  x	  44,800(kJ/kg)	  

Total	  Thermal	  Energy	  Consumption	  (kWh)	  =	  5,367,398,400	  kJ=	  1,490,944	  kWh 

Concerning the electrical energy consumption, it was straightforward. I only had to 

evaluate the electricity bills of the period. Nevertheless, I encountered an issue while gathering 

the electricity bills because I did not find the recent ones. As a result, I worked with the data of 

the years 2010-2011. I will then assume that there is a growth of 10% because L’annex expanded 

from then. Here is a summary of the total energy consumed in L’annex (thermal and electrical).  

Table 5: Total Annual Energy Consumption 

Thermal Annual Energy Consumed (kWh) 1,490,944 

Electrical Annual Energy Consumed (kWh) 162,933.1 

Total Annual Energy Consumed (kWh) 1,653,877.1 

 

Besides the previous computations shown in the tables above, I used an “ energy 

consumption calculator” so as to get more accuracy and double-check the results I got before. 

This energy demand calculator computes automatically the energy consumed by only entering the 

electricity consumption, fossil fuel consumption and renewable fuel consumption. Then it 

provides the user with a summary of the total energy consumption that can be used in annual 

reports. Here is a snapshot of the summary of the energy consumption computation using this 

software. 
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Figure 16: Energy Consumption Calculator 

The percentage of difference between the normal computation and the one using a software is the 

following:  

%Difference = 
!"#$%&'()*+,"'-./(01")/$%!!"#$%&'()*+,"'-./(01"2#3$)(

!"#$%&'()*+,"'-./(01")/$%
 

%Difference=  1,653,877.1−1,626,6931,653,877.1   ∗ 100 = 1.64%  

"The percentage of difference is insignificant so I can say that the previous results are logical 

and accurate. 

Hot Water Consumption for the off campus residence 

 Period Amount consumed (L) 

Hot Water 2015-2016 3102 

 

𝑬 =𝒎𝒄𝒑∆𝑻 

E=𝝔𝑽𝒄𝒑∆𝑻 

E=1000(kg/m3)*3.102(m3)*1.168(kWh/kg.oC)*45 

E= 163,041.12 kWh 

E: Energy consumed 

m : mass of water 

𝑐! ∶ 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐  ℎ𝑒𝑎𝑡  𝑜𝑓  𝑤𝑎𝑡𝑒𝑟 
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∆𝑇:𝑇𝑓 − 𝑇𝑖 

𝑇𝑓:𝐹𝑖𝑛𝑎𝑙  𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒  𝑎𝑛𝑑  𝑒𝑞𝑢𝑎𝑙𝑠  60  𝑑𝑒𝑔𝑟𝑒𝑒𝑠  𝐶𝑒𝑙𝑠𝑖𝑢𝑠 

𝑇𝑖 ∶ 𝐼𝑛𝑖𝑡𝑖𝑎𝑙  𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒  𝑎𝑛𝑑  𝑒𝑞𝑢𝑎𝑙𝑠  15  𝑑𝑒𝑔𝑟𝑒𝑒𝑠  𝐶𝑒𝑙𝑠𝑖𝑢𝑠 

I assumed that the biomass cogeneration will cover 70% of the thermal energy demand and 30% 

of the thermal energy will be covered by the solar thermal system. The CHP will cover 100% of 

the electrical energy and the solar thermal system will count for 30 % of thermal energy that will 

used for heating the space and hot water. The percentages were not chosen randomly. As shown 

in the figure, the energy profile shows that total energy demand of the off campus residence is 

divided between heat, electricity and hot water.  

 

Figure : Energy profile of the off campus residence 

Table 6 Energy Coverage of the CHP and solar collectors 

 Amount of Energy covered by 

the CHP (kWh) 

Amount of Energy covered by the 

solar thermal system (kWh) 

Thermal Energy (kWh) 1,043,660.8 447,283.2 

Electrical Energy (kWh) 162,933.1 ---------- 

Total (kWh) 1,206,593.9 447,283.2 

64%	  

27%	  

9%	  

Heat	  
Hot	  Water	  
Electricity	  
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* Choose the adequate type of Cogeneration system  

In order to choose the right CHP unit, the power needed should be computing. The power 

consumed is defined by the energy consumed divided by the working hours. Hence, I have to 

compute the working hours. During wintertime (October to April), the heating and electricity 

should be provided more than the spring-summer time (May to September) because of the cold 

weather and short daytime. Consequently , the cogeneration will work only during the 7 months 

of cold weather since in the summer period the heaters are not needed. In order to avoid huge 

heat losses and great amount of biomass, it’s best to use the backup plan which is the 

conventional way to generate electricity . 

Table 7: Total Working Hours per year 

 Thermal Energy Electrical Energy 

Summer Hours/per day 0 0 

Fall-Winter Hours/per day 20 20 

Total Hours / per year 4200 4200 

 

 Total hours/year = (20h/day*30 days*7)=4200   

𝑃!! =
!
∆!
= !,!"#,!!".!  !"!

!"##$
 = 248.49 kWh  

𝑃! =
!
∆!
= !"#,!"".!  !"!

!"##$
= 52.22 kWh 

" From the computations above, the type of Vitobloc 200 that fit the size and demand of 

L’annex is Vitobloc 200 BM-190/238. Indeed, when we choose a cogeneration system that has a 

power greater than the one is needed, the time of operation (working hours) are less and vice-

versa. 
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• Determining the number of solar collectors needed to cover the percentage of energy 

demand 

𝑷𝒎𝒂𝒙 =
𝑬
∆𝒕

  

𝑃!"# ∶ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚  𝑝𝑜𝑤𝑒𝑟  (𝑘𝑊) 

𝐸:𝐸𝑛𝑒𝑟𝑔𝑦  𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑   𝑘𝑊ℎ  

∆𝑡 ∶ 𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  ℎ𝑜𝑢𝑟𝑠  𝑜𝑓  𝑠𝑢𝑛  𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛  𝑖𝑛  𝐼𝑓𝑟𝑎𝑛𝑒 

𝑃!"# =
!
∆!

 = 
(!!",!"#.!!"# )

!
  

𝑃!"# = 204.24  𝑘𝑊 

𝑷𝒄𝒓𝒆𝒕𝒆 =
𝑷𝒎𝒂𝒙
𝑰𝒓

  

𝑷𝒄𝒓𝒆𝒕𝒆 =
𝟐𝟎𝟒.𝟐𝟒
𝟎.𝟖𝟕

  

𝑷𝒄𝒓𝒆𝒕𝒆 = 234. 76 kW 

𝑃!"#$# ∶ 𝑀𝑎𝑥𝑖𝑚𝑎𝑙  𝑝𝑜𝑤𝑒𝑟  𝑜𝑓  𝑡ℎ𝑒  𝑠𝑜𝑙𝑎𝑟  𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 

𝐼! : Irradiation coefficient of Ifrane 

𝒏𝒄𝒐𝒍𝒍𝒆𝒄𝒕𝒐𝒓= 𝑷𝒄𝒓𝒆𝒕𝒆
    𝑷𝒄𝒐𝒍𝒍𝒆𝒄𝒕𝒐𝒓

 

            𝑛!"##$!%"&= 𝟐𝟑𝟒.𝟕𝟔
𝟏.𝟓

. 

            𝑛!"##$!%"&= 157  

Each solar collector will generate a power of 1.5 kW 

• Determining the amount of biogas needed 
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The gardening and kitchen waste provided from Al Akhawayn University will only cover 

100,000 kWh of Energy. However, we need a supplementary 1,106,593.9 kWh of energy to 

be covered by the biogas. 

The annual volume of biogas needed to cover the additional 1,106,593.9 kWh is  

V= EnergyNeeded/CH 4GCV 

V=1,106,593.9 kWh/9.94 (kWh/m3) 

V=111,327.35 m3/year 

V=305 m3/day 

Garden Waste : 110m3/t 

Kitchen Waste : 220m3/t 

3.4 Ecological Footprint 

The ecological footprint is a measure of how much nature is owned and how much nature 

s used. It has several positive impacts at many levels: countries, individuals and local businesses. 

For countries, it contributes in the improvement of sustainability and well being of the human 

beings. Concerning individuals, it understands their behavior and analyzes their influence on the 

planet. Also, it allows the local businesses to optimize their investments and orientations. 

3.4.1	  CO2	  Emissions	  

Before the implementation of the fully ecofriendly energy systems at L’annex, diesel 

boilers were used to provide thermal energy used for heaters and hot water. Fossil fuels are 

vigorous with respect to greenhouse gas emissions since they release huge quantities of carbon 

dioxide during combustion. Nowadays, the whole planet is concerned with the global warming 

and this is the reason why the amount of CO2 emitted should be computed so as to see its 
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importance and its impacts on the environment. First, I will start by the evaluation of CO2 

emissions before the implementation of the green technology (Diesel boiler + Electricity). Then, I 

will compute the GHG emissions after the implementation of the new energy systems. 

Before the implementation of the Biomass co-generation and solar thermal systems 

Diesel CO2 Emissions 

Table	  8:	  Diesel	  CO2	  Emissions	  

Fuel Type Kg of CO2 per unit  Unit  

Diesel 10.21 gallon 

DieselC02Emissions (kg/a)=EmissionFactor(kg/L)*QuantityofDieselConsumed (L) 

DieselCO2Emissions=144,000*(10.21/3.78541) 

DieselCO2Emissions s (kg/y)= 388,396.5013kg/y =388.396 t/y 

(Knowing that 1 gallon=3.78541 liters) 

Electricity CO2Emissions 

For every 1kWh , 0.3707 kg of C02 are released in the environment. 

Electricity CO2Emissions= 0.3707 kg-CO2 * 162,933.1kWh 

Electricity CO2Emissions=60399.26 kg/year 

Electricity CO2Emissions=60.4 t/y 

!TotalCO2Emissions=448.796 t/y 
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After the implementation of the biomass co-generation and solar thermal systems 

The biogas delivers 10 kg of CO2 for every 76kWh consumed. 

BiogasCO2Emissions=
!,!"#,!"#.!  !"!∗!"!"

!"!"!
 =158,762.36 kg/y=158.76 t/y 

3.4.2	  𝑪𝑶𝟐	  Emissions	  Savings	  
	  

CO2EmissionsSavings=(DieselCO2Emissions+ElectricityCO2Emissions)-

BiomassCO2Emissions+SolatThermalSavings 

CO2EmissionsSavings=448.76-158.76+0.3*448.76 

CO2EmissionsSavings=424.66t/y 

" The replacement of Diesel boilers by the cogeneration will save up to 94 %of carbon dioxide 

emissions. 

4. Financial Study 

4.1 Profitability and Feasibility Study 

	  
 In this section, the feasibility and profitability of the CHP plant and solar collectors will 

be assessed. For the financial feasibility and profitability evaluations of the project, some 

consistent measurements and evaluation techniques should be specified. Accordingly, I will 

analyze the payback period and the return on investment. As was mentioned beforehand, I choose 

to cover 30% of the thermal energy demand of L’annex using the flat-plate collectors and the 

remaining 70% energy demand using the biomass cogeneration system. The replacement of the 
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old Diesel boilers will generate great savings concerning the utilities bills, fuel expenses and 

maintenance costs. 

Fuel Type Amount Consumed 
per year (L) 

Cost TTC 
(MAD) 

Average Price 
(MAD/L) 

Diesel 144,000 667,966.55 4.64 

 

Digester Quantity Total Cost (MAD) 

Fixed Dome Model 1 15,090 

Biogas Burner 1 10,000 

 

CHP  Quantity  Total Cost  (Including 

Installation costs) 

 

Vitobloc 200 EM-140/207 1  836,648.48 

 

Solar Collectors Quantity Total Cost  (MAD) 

Vitosol 200-FM 157 502,400 

*For the Vitosol thermal system, the price of 10 collects is 32,000MAD. 
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Diesel Total Cost (MAD) (4.5MAD/L) 667,966.55 

Daily Savings (MAD/day) 21830.04 

Yearly Savings (MAD/year) 667,966.55 
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4.1.1Payback	  Period	  

Payback period =Initial Investment/annual cash inflows 

Initial Investment  

Digester Cost    

Biogas Burner Cost 

CHP Cost                                

Solar Collectors Cost  

Installation Cost  

MAD 15,090 

MAD 10,000 

MAD 736,648.48 

MAD 502,400 

MAD 6,000 
Total Initial Investment   MAD 1,270,138.48 

Annual Savings 

Biogas instead of Diesel MAD 667,966.55 

Total Annual Savings MAD 667,966.55 

Expenses 

Manpower 9,000 

Total Expenses MAD 9,000 

Payback Period 1.93 years 

Interpretation of the result: 

The payback period is 1.93 years, which is two years and eleven months. In other words, the 

initial investment will be recovered and paid back after almost two years. Then, the 

replacement of the diesel boilers with the cogeneration and solar thermal systems will be 

profitable investments. 

4.1.2	  Return	  on	  Investment	  ROI	  
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Return on Investment =(Net Profits/Total Investment)* 100 

Return on Investment 

Net Profits MAD 658,966.55 

Total Investment MAD 1,270,138.48 

ROI  51.88% 

Interpretation of the result: 

The returns of the investment of both cogeneration and solar-thermal systems overreach the costs 

by 52 %. 
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5. Conclusions 
This capstone project studies the implementation of a biomass cogeneration and solar thermal 

systems in L’annex, an off-campus residential area and school in Ifrane. It present the evaluation 

of the energy consumption of the center and the green technologies proposed in order to enhance 

the efficiency, the cost-effectiveness and its negative impact on the environment. It will also 

assess the profitability and feasibility of both biomass cogeneration and solar thermal systems as 

a way to replace the polluting and expensive diesel boilers used beforehand. 

To achieve the study of the implementation of the two ecological systems, the work was divided 

into three main segments: bibliographical, engineering and financial studies. These three analyses 

encompassed the study of all the aspects of the project to ensure its success. 

During the engineering assessment part, it was noticed that 144,000 L of Diesel are consumed 

annually and release nearly 388.396 tons/year of carbon dioxide. Subsequently, the adequate 

ecofriendly solutions were the combination of both CHP (70%)and solar thermal systems (30%) 

that will fully account for the energy demand of L’annex. 

The replacement of fossil fuel means to generate energy and power by renewable energies is 

beneficial to the environment, humankinds and the politics of the country. It’s a great way to 

reduce GHG emissions, protect people’s heath and encourage the integration of the country to the 

renewable energy  
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6. Appendix  

6.1 Appendix A 
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6.2 Appendix B 

	  
 

 

	  



	   47	  

6.3 Appendix C 
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