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ABSTRACT 
 

The objective of this project is to contribute to the work already started by Nalida Power, a                 

startup working in the renewable energies field to invest in urban equipment since 2017.  

It is part of any project to make a preliminary study concerning its feasibility. There are many                 

aspects to consider in order to get a complete view about our project before deciding upon the                 

best combination of parts. The technical attention in this project is divided between the              

electric aspect and filtration aspects of our solar tree. 

This report will start with giving an overview of the “state of the art” around the world. Then                  

a description of our suggested tree starting with solar panels specifications, their types and the               

polycrystalline type used in our case is also included. Later, a comparison study is done to                

present the different filters with different uses and finally the most optimal solution for our               

case. Followed by a financial study so as to know the cost of the entire project and the                  

levelized cost of electricity. Last but not least an environmental study is held in order to                

discover the mitigation cost and the advantages of our project. To end up with a conclusion on                 

the best optimum design for our solar tree with the potential features and specifications to               

attract world wide designers and investors. 

Keywords: solar energy, solar cell, air filters, artificial tree.  
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INTRODUCTION 
 

Morocco is aiming to produce 40% of its energy by 2020 through renewable energies, and               

52% by 2030. Our country has done a tremendous work so far in the domain of renewable                 

energies, and now it is time for institutions, administrations, private sector and each individual              

to act responsibly in order to contribute in this development towards a cleaner future. Both               

private and public sectors are acting towards this change, though there is much more to be                

done in the private sector. The ongoing projects and those already achieved together with              

financial and taxes incentives play a huge role in bringing motivation to citizens regarding the               

use of renewable energies.  

 

There is nothing that has polluted our planet Earth more than the industrial revolutions              

starting early at the beginning of the 18th century and what came after that related to the                 

invention of combustion engines, different power plants for different purposes and mostly the             

plastic industry that has been the most polluting among all. There are two main actions that                

we, humans can do: the first one is reducing the amount of pollutants that already exist in the                  

atmosphere like the nitrogen oxides (NOx), sulphur oxides (SOx), particulate matter (PM),            

and Carbon Dioxide (CO2) accounts for only 0.04% of the pollutants in the atmosphere and               

takes the blame for the rising levels of temperature.  

 

The second thing we can do to help our planet is to switch to non-conventional energy sources                 

that are not substantially depleted by continued use, clean by not entailing significant             

pollutant emissions, and do not involve the perpetuation of substantial health hazards. Issues             

related to fossil fuels have covered environmental hazards, mining accidents and mostly rising             

prices which makes them just not the right source of energy to use nowadays. In addition to                 

the natural hazards due to climate change presented below [1]: 

● global temperature rise 
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● warming oceans 

● shrinking ice sheets 

● glacial retreat 

● decreased snow cover 

● sea level rise 

● declining arctic sea ice 

● extreme events 

● ocean acidification 

 

As a way to advance in the renewable energies field, Morocco is making lot of efforts in                 

renewable energies and that has been shown to the world by its hosting of the 22nd                

Conference of parties (COP22) and taking too many initiatives in encouraging public and             

private sector including moroccan startups and NGOs to exhibit their work and get help or               

bring investments to the sector. Set in Marrakech, the aim of this conference was to discuss                

the most alarming climate change concerns but mainly to set up an action plan of the Paris                 

agreement signed as part of the COP21. One of the organizations that Morocco has created in                

2008 to contribute to the country’s goal of having a competitive renewable energy sector is               

the Moroccan Agency for Solar Energy (MASEN) that became later in 2016 Moroccan             

Agency for Sustainable Energy including Solar, Wind and Hydraulic. Its mission is            

concentrated in 3 main points that are:  

1. The integrated development of renewable energy installations at the highest          

international standards,  

2. A contribution to the emergence of a national expertise in the field of renewable              

energy,  

3. The support of the local areas MASEN operates in, following a sustainable model             

involving economic, human and environmental criteria.  

Harnessing solar energy in a country like Morocco is advantageous because of the large desert 

area in the south that is well exposed to the sun and that is mostly not inhabited by people. 
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The Ouarzazate solar projects spans on an area of 2500 hectares (6,178 acres) that started in 

May 2013 and is in the 3rd phase of construction.  

Startups are also arising on the ground doing a good job in order to cope with this so-called 

environmental revolution. Nalida Power is a good example of  the private sector initiatives 

and actions to spread using clean energies mindset.  

Feeling this ongoing change, citizens’ behavior is hopefully changing as well.  This capstone 

project as a continuation to Nalida Power’s plans attempts to familiarize people more to 

advanced renewable energy technologies and provide them with 2 main services: the first is 

providing clean air and the second is allocating a public charging spot for to phone/iPads 

users. This idea already exists in other countries as well as in Morocco. The added feature in 

this capstone project concerns adapting the tree to any situation or any place where it is to be 

implemented by having a set of separate functionalities and give the customers the choice to 

pick the set of parameters wished for their tree; in addition to the air filtering around the 

artificial tree. In comparison to the trees implemented in Morocco, our tree will  have a 

section for ads along with interactive screens available to the public providing information 

about air quality and other relevant data to the area coming out of the network of installed 

solar trees around the country.  
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BACKGROUND AND CONTEXT  
 

“Africa is a continent that is deeply vulnerable to climate change. We are witnessing              

disastrous droughts — our people are losing lives. We need to address climate change if we                

are to address poverty,” said Vincent Biruta, Rwanda’s Minister of Natural Resources. There             

have been too many projects about biomass use, permaculture and other inventions to prevent              

the undernourishment that could hit 50% of Africa if nothing is done in the near future.                

Compared to other African countries, Morocco is doing a great job, though there is a huge                

room for preventing over consuming, waste management and incentives for cutting           

greenhouse gases (GHG) emissions. 

Among the many projects decided upon during the COP22 and showcased in the city of               

Marrakech: the electric bikes station, the power free gym machines, solar trees, recycling             

plastic in too many creative ways and many other projects. The idea of a solar tree is a                  

fascinating one and has been implemented in France, India, Singapore, Dubai and many other              

countries. Taking different forms and creative ideas, all designs for solar trees share same              

basic characteristics. The primary use for solar trees is to collect solar energy, store it and                

provide it to users. Some designs are skyscrapers like the design in Singapore, some others are                

made of wind turbines, aesthetically so pleasing but so expensive. An Indian solar tree is               

using a method called “Spiralling Phyllataxy” that refers to a technique providing the way to               

help the lower panels from the shadow of upper ones, so that it can track maximum power                 

from sun as shown in the following figure. 

12 



 

 

Figure 1: Spiralling Phyllataxy method of solar tree (source:Department of Electrical and 

Electronics Engineering Annai Mathammal Sheela Engineering College, India) 

 

This method is used to increase the efficiency of the plant. The use of these solar trees varies                  

from a country to another, from a city to another, and from a neighbor to another. It can be                   

used in clubs, gardens, in the beach, in schools, hospitals and so on. The flexibility of this                 

project makes one think of enhancing its features in order to make it adaptable to any place                 

where it could be implemented. Even the methods used to harness solar and wind energy are                

different and various. A Korean research project explores how we can harness wind energy              

system tree-shaped, that works with piezoelectricity [2]; its concept is related to mechanically             

strained piezoelectric materials, or their deformation by an applied external stress, electric            

charges appear on certain faces of a material, and when the direction of the strain reverses, the                 

polarity of the electric charge gets reversed and that’s called the direct effect of              

piezoelectricity [3]. 
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Figure 2: Piezoelectricity used in artificial trees (source: Solar Botanic research) 

Meanwhile in another part of the world, in Dubai exactly,           

solar trees give information on the weather, local attractions         

and have facilities for charging up mobile devices through         

the solar panels that gives it the name solar powered palm           

trees [3].  

Figure 3: Palm trees in Dubai (source: Designboom        

Website) 

 
People can even take a selfie using a camera incorporated in the tree and send it home. Many                  

types of solar trees are out there. When bringing up trees, there is a feature that should be also                   

included and that no previous company/startup/research team has implemented yet. This           

feature is air filtering. There have been done separate innovations to potentially filter the              

pollutants trapped in the atmosphere. The latest one was the 100 meters air filtering tower in                

China (see figure 4), Xian city in Shaanxi province. It helps reduce the smog from air and                 

covers an area approximate to 10 km of radius around it [4]. The mechanism used is sucking                 

polluted air into the glasshouses and heat it up by solar energy. The hot air then rises through                  
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the tower and passes through multiple layers of cleaning filters to finally leave from the top of                 

the tower. 

 

Figure 4:One hundred meters Chinese tower to purify air from smog (source: 

www.nationalpost.com) 

By March 2018, a comprehensive evaluation is going to be published about the performance              

of the Chinese tower that has been mainly developed to reduce the levels of the PM2.5 that is                  

considered as one of the most health damaging gases for health. Another Chinese tower is               

designed by the Dutch artist Daan Roosegaard and is considered as one of the first of its kind                  

in China. It is seven meters high and is using a coal-fired power plant generated electricity.                

Air purifying technology has known a significant development in the last decade, as an              

example we can refer to a long list of indoor air cleaners amnog which the best filters contain                  

high-efficiency particulate air (HEPA) mechanical type. One of the most interesting filters is             

called Molekule which is able to break down pollutants at the molecular level. The              

nanoparticle-coated filter is activated by light and results in a catalytic reaction expressed as              

follows [5]. This advanced technology is called PECO that utilizes free radicals similar to the               

ones used to kill cancer cells in order to oxidize pollutants. The size of pollutants it is able to                   

destroy is 1000 times smaller than traditional HEPA filters (0.1 nanometers versus 300             

nanometers)”. The equation of the reaction is as shown below: 

Free Radical (OH*) + Oxygen (O2) + Virus 

↓ 

Carbon Dioxide (CO2) + Water (H2O) + Trace Elements (N2, etc) 
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The aim of this capstone project is to combine all theses technologies as possible as we can in                  

order to give a multi-function solar tree. Combining electricity production through solar            

panels, air filtering and providing shade for citizens, this project is only an attempt to learn                

from nature and try to implement its basic laws using renewable energy technologies. Indeed              

no invention can imitate what normal trees do, like being a home for many organisms, provide                

oxygen and thus improve air quality, preserving soil and many more main functions. The              

other hidden motives behind this project is to familiarize the Moroccan community with clean              

energies and creating a trust in using it as a source of energy.  
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MOROCCAN PROJECTS IN THE RENEWABLE     
ENERGIES FIELD 
 

Morocco has started since 1995 by the ratification of the united nations framework convention              

on climate change (UNFCC) and Kyoto protocol in 2002 as an initiative to reduce the GHG                

emissions along with the project of extending electricity to rural areas since the 1990s. This               

program has increased the economic growth rate by 5% each year, and has also led to the                 

increase of electricity demand [6]. Moroccan installed grids and total electricity consumption            

is still not enough to supply all country needs which makes it dependent on imports to supply                 

more than 90% of its energy needs. In 2014, Morocco’s electric dependence reached 91%              

with a 2% net imports in electricity. Dependence on coal has decreased from 366 kilotons of                

oil equivalent (ktoe) (1992) to 8 ktoe (2012), but still electricity has been amplified from 820                

ktoe to 2370 ktoe [7] and the primary resource for electricity in Morocco is fuel-powered               

power plants.  

 
 

EIA Sankey diagram for Morocco 
 

The following Sankey diagram represents the energy resources for Morocco in 2011 which is              

the latest recorded by the energy information administration (EIA), the partition of energy             

depending on the sectors in addition to energy imports and exports [8]. The energy values are                

in petajoules which is converted to kWh by multiplying by 2.778*10⁸. We can see that 11%                

of the imported petroleum is used for electricity and heat needs while only 13% from overall                

energy resources is coming from renewable energies (wind, hydro and biomass).  
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Figure 5: Sankey Diagram for Morocco year 2011 (source: EIA website) 
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Energy laws in Morocco 

Since 2008 Morocco has set 3 main laws regarding the energy regulation:  

● Law 16-08 permitted for auto-generation of electricity through renewable energy 

installations by industrial clients up to 50 MW. 

● Renewable energy law 13-09 encouraging investments in renewable energy projects 

and selling the electricity to other entities [9].  

● Law 16-09 to form the Moroccan agency for energetic efficiency (AMEE) as an 

extension of the Center for Renewable Energy Development (CDER) in addition to 

law 57-09 to build MASEN [10], [11]. 

 
 

Energy Related Institutions in Morocco 
 
The Ministry of Energy, Mines, Water and Environment (MEMEE) is the office responsible             

for making energy policies regarding energy sources, energy supply, renewable energy and            

energy efficiency. MEMEE is assisted by a number of institutions listed below [12]:  

● ADEREE: the National Agency for Renewable Energies and Energy Efficiency          

(ADEREE) that was launched in 2010 as a successor to the Centre for the              

Development of Renewable Energy and that became Moroccan agency for energetic           

efficiency (AMEE) in 2016.  

● IRESEN: the Institute for Research into Solar and Renewable Energies (IRESEN) was            

created in 2011. 

 These institutions are supported in the renewables sector by: 

 

● MASEN (previously introduced) 

● State-funded Energy Investment (SIE) launched in 2009.  

 

Responsibility for the upstream hydrocarbon sector rests with:  

● The National Office of Hydrocarbons and Mines (ONHYM). 
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 There is one refinery in Morocco operated by:  

● Société Anonyme Marocaine de l’Industrie du Raffinage (SAMIR) which refers to           

anonym moroccan company for industrial refining. 

 The national electricity grid is operated by: 

● The National Agency for Electricity and Water (ONEE) 

 
 
The Moroccan Agency For Sustainable Energy is the leader of many projects related to              

renewable energy in the country. A 580 MW energy is to be produced during peak times in                 

Ouarzazate project. The project will be accomplished in three phases and four parts. The              

entire project is to cost 9 billion dollars. Phase 1 comes with a full-load molten salt storage                 

capacity of 3 hours. Noor II, commissioned in 2018, and Noor III that opened later in 2018                 

and stores energy for up to eight hours, The entire Ouarzazate project takes an area of 2,500                 

hectares and is still under construction. The funders are listed below:  

1. Clean technology Fund European Union 

2. Neighbourhood Investment Facility 

3. Kreditanstalt für Wiederaufbau (KFW) under the mandate of German Federal          

Ministry for the environment 

4. Nature Conservation 

5. Building and Nuclear Safety (BMUB) 

6. KFW under the mandate of the German Federal Ministry for Economic           

Cooperation and Development (BMZ) 

7. World Bank 

8. African Development Bank 

9. French Development Agency 

10. European Investment Bank 

  

The projects realized as well as the ones in progress are listed below.  

 

Table 1: list of projects in solar energy field in Morocco (source: Masen website) 

Project name technology used capacity 
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Noor 1 solar troughs w/ molten salt 370 GWh per year 

Noor 2 solar troughs w/ molten salt 600 GWh per year 

Noor 3 solar power tower 500 GWh per year 

Noor 4 photovoltaic panels 80 MW 

Noor Midelt Project concentrated solar power + 
photovoltaic 

400 MW 

Noor Laayoune polycrystalline w/ solar 
tracking system 

85 MW 

Noor Boujdour polycrystalline w/ solar 
tracking system 

20 MW 

Ain Beni Mathar, Jerada thermal power plant 20 MW 

 

Morocco has a goal of producing ⅓ of its consumption through solar, ⅓ through hydro and the                 

other ⅓ from wind energy. To achieve this goal , it has projected a 2000 MW minimum                 

capacity to be installed by 2020 in each of the three sectors [13]. Concerning the hydro power,                 

about 1770 MW has been installed in 2016, 895 MW for wind power and 180 MW for solar                  

power as mentioned before.  

 

Apart from public initiatives, the research institute in Solar Energy and New Energies             

(IRESEN) which is the funding organism to projects and research, is able to provide up to 5                 

million dirhams for each project and consortium in the domain of renewable energies [14].  
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NALIDA POWER TREE 

 

Nalida Power is a Moroccan company founded in January 2017 by a Moroccan entrepreneur              

Noureddine Tabete. Its main mission is to create and maintain smart, aesthetical yet useful              

urban equipments sourced from the renewable energies with paradigm on the day-to-day way             

the urban space is perceived. The first bloc of the company roadmap is a smart solar tree that                  

is expected to combine the existing functionalities in the other solar trees and enhance them in                

order to get a suitable product to the next generation citizens. The intelligent solar tree as                

called by the startup is both an aesthetic decoration and functions using artificial intelligence.              

The smart tree can be customized to colors or designs requested. The aim of the startup                

through this project is to mimic nature by getting zero CO2 emission through this process.               

Normal trees filter air, do photosynthesis and filters even underground water as main             

functions; without forgetting being home to many creatures and nutrition/life source to many             

organisms and humans are part of the equation as well. 

 

Specifications of the intelligent solar tree 

★ Produced and mounted in Morocco by an expert team 

★ Unique green energy technology 

★ Low voltage 

★ 8 USB ports, 8 plugs providing AC current 

★ Galvanised steel elements 

★ Resistant to severe weather  

★ low maintenance 

★ For each artificial tree produced, Nalida Power plants a real natural tree. 
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Optional Specifications 

★ Free Wi-Fi 

★ RJ45 ports for wired connection 

★ Interactive screens displaying the total power produced by the tree and its distribution             

on the different plugged or internal devices, it also shows how much energy is saved               

and thus how much CO2 emissions it is mitigating. 

★ Sensors to measure air quality  

★ LED projection for Ads or public information 

Benefits 

★ Aesthetically appealing  

★ Provides 8 to 12 seats 

★ Generates electricity 

★ Educates about global warming dangers  

★ Gives more trust to citizens about clean energies 

★ Charges multiple devices at once 

★ Provides public lighting by night with cool technologically advanced vibes 

★ Filters air and gives a clean breathing area 

 

What makes Nalida Power tree special is that it combines the previous features and most               

developed technology to serve Morocco on so many levels. The table of functionalities             

mentioned in the appendix shows all the options possible to get for the customer. Nalida               

Power Tree has too many options depending on the needs and specifications of the site where                

it is to be implemented. The company has indeed, a willing to come up with 2 different sizes                  

of the tree in order to be flexible to all cases and adapt to users. 

The two available sizes are:  

● Tree of 24 solar leaves 

● Tree of 36 solar panels 

This study is done on the 24 PV leaves and the possibility to satisfy the given load. The bigger                   

size is to be used for more loads or for a location that requires more energy.  
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Figures 6 & 7: Existing designs of Nalida Power Tree (source: Nalida Power flyer) 
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SCOPE OF THIS PROJECT 

The project consists of an enhancement of Nalida Power design for the tree and accomplish an 

in-depth engineering study of filtration part. The startup has provided a preliminary design 

and from my side I need to provide an improved design including all features brainstormed 

and lately decided on. The personalized panels are produced jointly by Tobla Verre in 

Bouznika for the glasses part and Clean Energy in Casablanca for the solar cells and where 

the related cost study is all set. The electric part has changed from providing electricity in AC 

form for 110-220 V devices, to DC for only phones and iPads. The reason why the switch has 

been made is to make the electric circuit less complicated and reduce the total cost. Usually 

the DC current provided by the solar panels is distributed to both grid and batteries later on, 

the reason why it has to be switched from DC to AC (for the grid) then from AC to DC 

(battery storage) and then later from DC to AC for appliances. In our case we have a stand 

alone system which makes using DC all along the circuit just the most effective method by 

also reducing the losses related to transformers’ use. Concerning the installation, 

transportation and technical services costs, Nalida Power has already done this study for a 

previous project of importing 4 solar trees from a Croatian company called Solvis. The 4 trees 

have been installed in Marrakech in 2017 after the COP21 by Nalida Power; the previous 

experience in this city is the reason to choose Marrakech for our Moroccan made solar tree. 

The added value for this project is the filtration part, to make a comparative study for filters 

(industrial and natural) in order to suggest the best way to clean the air around our solar tree. 

In addition to provide a design aligning with the new enhancements this project is subjected 

to.  
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ENGINEERING STUDY 

SOLAR PANELS  

Irradiance Level at Marrakech  

On average, Morocco benefits from 3000 hours of sun yearly and an average solar irradiation               

of 5 kWh/m² per day [15], which is above the standard conditions for minimum solar               

irradiation of 1.2kWh/m². Using the software RETscreen, we will determine the monthly solar             

radiation of Marrakech along with the geographic distribution of solar irradiance shown in the              

the following map. 
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Figure 8: Solar irradiance in Morocco (source: Research Gate) 

The yearly temperature variation is illustrated in the following graph. 
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Figure 9: Maximum, minimum and average temperature in Marrakech throughout the year 

(source: RETScreen) 

The choice for Marrakech came from the fact that it has long solar hours and more sunny days 

over the year as the following graph shows it. 

 

Figure 10: Sun hours and sun days in Marrakech (source: RETScreen) 
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The irradiance level in Marrakech varies with seasons, the following graph using RETScreen 

illustrates that. 

Figure 11: Daily solar radiation averaged per month in Marrakech (source: RETScreen) 

 

The maximum air temperature in Marrakech is in the month of July (summer) and stays below                

30 °C which is the right temperature for functioning of our batteries and solar panels. 

 

Remark 1: The graph generated using RetScreen must use old data (before 2009) for              

Marrakech city while during the past years, temperatures have been rising globally and have              

reached 40 °C in Marrakech for the past 10 years. 

After knowing the load of our tree, we need to size our solar panels that are shaped like flower                   

leaves. Each solar leaf contains 10 polycrystalline A grade cells provided by Clean Energy              

Morocco based in Casablanca. The module type is TS250-P156-60 with a maximum power of              

250 W. 
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Table 2: Polycrystalline solar cells specifications 

module 
type 

max 
power(W) 

I max 
(A) 

V max 
(V) 

Isc (A) Voc (V) module 
efficien
cy 

cell 
dimensions 

TS250-P

156-60 

250 8.26 30.3 8.65 37.4 15.27% 156mm 
*156mm 

 

The number of cells we are using on each solar panel is 10 polycrystalline cells which is                 

customized and made upon request and represents 1/6th of a TS250-P156-60 module. The             

power as well is affected and downsized to 40 W for each of our cells/ (250 W / 6 = 41, 6 W). 

Taking into consideration the STC (Standard Test Conditions) to be  

Irradiance 00 W /m 1 2  

Air mass ratio 1.5 

cell temperature 25 °C 

 

Moving on to temperature characteristics:  

temperature characteristics 

Temperature coefficient of Isc +0.0457 %/°C 

Temperature coefficient of Voc -0.3538%/°C 

Temperature coefficient of Pmax -0.42%/°C 

 

Working Principle of PV 

The operating module is basically composed of two layers of semiconductors oppositely            

charged built on silicon and thus generating an electric field. The actual photons strike on the                

external layer of the photovoltaic sheet which is usually arranged on thin layers, then the               

electrons gets the energy from the light particles. This will cause electrons to move to the                

positively charged sheet, and this creates an electric current. The collection process happens in              

a conductive circuit which is built under the layers connecting all the panel’s cells. 
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Figure 12: Polycrystalline conventional solar panels (source: Nalida)

 

Design of solar panels used 

The design used for the solar tree project is shaped as flower leaves. It contains 10 solar cells                  

and its design can be improved to a better one by adding 2 solar cells divided in 4 pieces.                  

 

Figure 13 and 14: Front and back view of our solar leafs (source: Nalida) 
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Tilt angle and global irradiation using PVGis: 

PVGis is a an online website that provides the total irradiance of the site chosen along with 

the optimal tilt angle using graphs to visualize data and tables to show parameters that change 

throughout the year [16]. 

The optimal tilt angle in our region which is Jamee Lfna, and that has a latitude of 31°37’32 

North, longitude of 7°59’20” and an elevation of 468 m, is 31°. The total annual irradiance 

lost due to shadow is zero percent which makes this location the best for our project. Using 

PVGis we get the following table and graph.  

Table 3: PVGis monthly irradiance data  

month of 
the year 

Horizontal 
irradiance 
(Wh/ m2

/day) 

irradiance 
w/ optimal 
incline 
(Wh/ m2

/day) 

irradianc
e on 90° 
plan 
(Wh/ m2

/day) 

Direct 
irradiance 
(Wh/ m2

/day) 

optimal tilt 
angle (° 
degrees) 

ratio of 
diffuse 
radiation 
and global 

January 3630 5610 5360 5560 58 0.31 

February 4460 6070 4980 5770 49 0.31 

March 5930 6940 4520 6170 36 0.37 

April 6670 6880 3130 6980 21 0.28 

May 7300 6790 2160 7260 5 0.28 

June 7850 6950 1690 8010 -1 0.25 

July 7760 7050 1930 7830 3 0.25 

August 7100 7040 2760 7180 14 0.27 

September 5950 6680 3820 6370 30 0.29 

October 4960 6380 4810 5910 44 0.31 

November 3820 5660 5140 5520 55 0.30 

December 3320 5320 5360 5290 60 0.31 

Year 5740 6450 3790 6490 31 0.29 
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There are many types of irradiances, the raw irradiance also called extraterrestrial radiation is              

the horizontal irradiance, then there is the diffuse that is spread out from the direct beam due                 

to particles in the atmosphere, it is actually the explanation for having the colors of the sky.                 

Finally there is the reflected radiation which is not presented here, those 3 radiations sum up                

to give the global insolation value. Then there is the radiation that is perpendicular on to the                 

solar panels which represents the lowest values in the following graph. 

 

Figure 15: Different values for irradiance throughout the year in Marrakech (source: PVGis) 

 

We have opted for a fixed system meaning that our solar panels are not tracking the sun, they                  

will remain inclined to one direction permanently. The optimal tilt angle is also given by the                

PVGis tool and shown through the following figure. 
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Figure 16: Optimal tilt angle for our solar panels (source: PVGis). 
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INDUSTRIAL FILTERING COMPARATIVE STUDY 

 
The first thing to begin with is defining the air pollutants, their sizes and their percentages in                 

the air we breath. Starting by the most common name of air contaminants which is PM                

standing for particulate matter and referring to the microscopic solids trapped in the air. The               

combination PM and air is called aerosols. Sources for aerosols can be natural or              

anthropogenic.  

Table 4: Primary PM sources classification 

Natural sources Man-made sources 

wildland fires agricultural operations 

windblown desert dust particles industrial operations 

volcanic ut particles combustion of wood 

sea salt aerosols combustion of fuels 

 construction and demolition activities 

 

 

 

The table above lists the primary PM sources, on the other hand, the secondary PM sources 

form pollutants that form PM later, this includes NOx, SOx, VOCs and ammonia [17].  

The sizes of pollutants vary depending on their types and classifications, the following graph              

shows that perfectly. 
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Figure 17: size and type distribution in micrometers of PM (source: Research Gate) 

 
The distribution of those components and others by category classification is shown in the              

following table 5.  

 

 
Table 5: typical size distribution of atmospheric dust 

Particle diameter percentage by number percentage by weight 

< 30 microns 99.9 99 

< 10 microns 99.9 90 

< 5 microns 99.9 72 

< 3 microns 99.8 55 

< 1 microns 96 17 

< 0.5 microns 75 5 

< 0.3 microns 30 1.5 
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Table 5 shows that the majority of pollutants have a size less than 1 micron. The most                 

common classification of PM is PM10 (<10 microns, shaggy particles) and PM2.5(<2.5            

microns, fine particles). The seriousness of PM2.5 is due to their ability to go deep in the                 

lungs. 

“The World Health Organization’s air quality guidelines recommend that the annual mean            

concentrations of PM2.5 should not exceed 10 µm/m3 and 20 µm/m3 for PM10 [18]. Data               

shows that the PM2.5 concentration in Morocco is about 18.9 in urban areas and 20.3 in total.                 

This is an alarming number and in fact explains the many cases of cardiovascular illnesses. “ 

 

The ten most common atmospheric pollutants 

We all learnt in our first learning years that the air is made of 78% Nitrogen and 21% oxygen.                   

The 1% remaining is all what interests us while talking about pollutants and other particles               

[19]. The list of these most common contaminants is as follows: 

 

Table 6: Detailed list of 10 major atmospheric pollutants 

Pollutant 
name 

Description Related sector 
(source) 

Health effects Molecular 
structure 

carbon 
monoxide 

result of 
incomplete 
combustion, 
also plays a role 
in forming 
Ozone. 
 

transportation reduces oxygen-carrying 
capacity of the blood 

 

Carbon 
Dioxide 

result of fossil 
fuels burning 

industry-electri
city generation 

elevated blood pressure, 
asphyxia, coma, 
convulsions 

 

Nitrogen 
Oxides 

result of road 
transportation 
combustions and 
contributes in 
ground level 

transportation component of smog, so 
it shares all its health 
effects  
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ozone forming 
reactions 

Sulphur 
Dioxide 

outcome of 
burning fossil 
fuels while 
producing 
electricity, reacts 
with water to 
produce acid rain 

electricity contributes to smog, can 
cause wheezing and 
breathing problems  

Ammonia comes from 
fertilizers and 
manure, 
secondary PM. 

agriculture enriches the 
environment by 
Nitrogen 

 

VOCs 
Volatile 
Organic 
Compounds 

naturally emitted 
by plants 

transportation 
and solvents 

contributes in forming 
smog 

 

Ozone protects us from 
UV radiation, 
but ground level 
Ozone is a 
dangerous 
pollutant 

sunlight+other 
pollutants 

smog effect 

 

POPs 
Persistent 
Organic 
Pollutants 

are volatile 
chemicals 

agriculture / 
industry 

 

 

particulate 
matter 

has so many 
variant (direct, 
indirect) 
components 

natural / 
anthropogenic 

lung problems and 
cardiovascular issues 

 

Heavy 
Metals 

 burning fossil 
fuels/ 
transportation 

lead and mercury are 
toxic 
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How do filters work 
 

The following variables are to be considered before choosing an air filter [20].  

● Maximum flow rate 

● Condition of ambient air  

● Filter geometry 

● Filter media 

● Air consumption per kilometer 

 

There are 3 types of mechanisms used in air pollutants capture: [20] 

● Impaction: heavier particles don’t follow the gas flow streamline because          

of their large inertia, they travel along a straight path until they collide with              

a fiber and are captured. This mechanism becomes more interesting as the            

size of particles gets larger  

● Interception: involves particles of a relative small size. Light enough to           

follow the stream line but when the radius of the particle is larger than the               

distance between the streamline and the edge of the fiber, the particle hits             

the fiber and thus is captured. Also more important when increasing           

particle size 

● Diffusion: takes care of smaller particles, they move randomly due to           

collisions with gas molecules, it’s called Brownian motion because of the           

erratic movement. They’re bound to collide with a fiber, the smaller the            

particle is the more free it is to move and therefore the higher the              

probability that it will encounter a fiber. This gets more important with            

smaller particles. 

 

The total efficiency of a particular air filter is the result of a combination of these filtration                 

mechanisms. Referring to the attributes used in the industrial filters in the following figure. 
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Figure 18: Pyramid showing balance of air filter attributes (source: American Academy of 

Allergy, Asthma & Immunology indoor allergen committee) 

Types of Air filters 

Two types of air-cleaning devices can remove particles from the air:  

● Mechanical air filters, such as high efficiency particulate air (HEPA) filters, remove 

particles by capturing them on filter materials. Most mechanical air filters are good at 

capturing large airborne particles—such as dust, pollen, some mold spores, and animal 

dander—and particles that contain dust mite and cockroach allergens [21].  

● Electronic air cleaners, such as electrostatic precipitators, use a process called 

electrostatic attraction to trap particles. Ion generators, or ionizers, disperse charged 

ions into the air. These ions attach to airborne particles, giving them a charge so they 

can attach to nearby surfaces such as walls or furniture, or to one another, and settle 

faster. However, some electronic air cleaners can produce ozone, a lung irritant [21].  

Another type of air-cleaning device is a gas-phase filter designed to remove gases and odors 

by either physical or chemical processes.  

Gas-phase air filters remove gaseous pollutants by using a material called a sorbent, such as 

activated carbon, to adsorb pollutants. Because these filters are targeted at one or a limited 

number of gaseous pollutants, they will not reduce concentrations of pollutants for which they 
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were not designed. None are expected to remove all of the gaseous pollutants in the air of a 

typical home. Gas-phase filters are much less common in homes. One reason may be the filter 

can become overloaded quickly and may need to be replaced often. Three types of air cleaners 

on the market are designed to deactivate or destroy indoor air pollutants:  

❏ ultraviolet germicidal irradiation (UVGI) cleaner: use ultraviolet radiation from UV 

lamps that may destroy biological pollutants such as viruses, bacteria, and molds that 

are airborne or growing on heating,ventilation and air conditioning (HVAC) surfaces 

(e.g., cooling coils, drain pans, or ductwork). UVGI cleaners should be used with, but 

not as a replacement for, filtration systems.  

❏ photocatalytic oxidation (PCO) cleaner: PCO cleaners use UV lamps along with a 

substance, called a catalyst, that reacts with the light. These cleaners are designed to 

destroy gaseous pollutants by changing them into harmless products, but they are not 

designed to remove particulates. The usefulness of PCO cleaners in homes is limited 

because currently available catalysts are ineffective in destroying gaseous pollutants in 

indoor air.  

❏ ozone generators sold as air cleaners: use UV lamps or electrical discharges to produce 

ozone that reacts with chemical and biological pollutants and transforms them into 

harmless substances. Ozone is a potent lung irritant thus ozone generators are not 

always safe and effective in controlling indoor air pollutants.  

 

Rochling Automotive filter 

From a study of damaged car filters done by Rochling Automotive SE, a German company, a                

description of the system drop, velocity distribution and design optimization for automotive            

filters. There is no advanced study about the design, performance nor lifetime for air filters. 

The following figure and graph show the different components of the filter used and the               

different concentrations of dust from a realm to another. 
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1-dust injector 4-outlet tube 7-air flow matter 

2-inlet tube 5-pressure measuring device 8-air flow control 

3-test shroud 6-absolute filter 9-exhauster 

Figure 19: Parts of a car filter (source: Rochling company website) 

  

Remark: 

The difference between Rochling Automotive and our case is that they study the flow of air in                 

a moving object, taking into consideration too many variables such as the drag force, gear               

ratios, drag and rolling resistance. In our case, we have a static object and we try to get the                   

air enter the chambers of filtration by convection concept or differently called passive cooling              

system.  

 
 

 

Atlas Copco Air filters 

 

Atlas Copco is a world leading provider of sustainable productivity solutions. The company             

has many innovative solutions in too many fields such as: compressors, vacuum solutions and              

air treatment systems, construction and mining equipment, power tools and assembly systems.            
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Founded in 1873 an operating now in more than 180 countries. The manufacturing is              

concentrated in Belgium, Sweden, Germany, US, India and China. 

The products related to air are : Air Dryers, auto drains, line filter, lubricators, regulators and                

of course air compressors. It has a branch in Morocco. Its main products in the industrial field                 

are related to industrial gases. The company is responsible of making big scale air separation               

units in chemical factories, the centrifuge air compressors don’t only remove air, remove             

nitrogen nor compress oxygen; they’re also used in hydrogen and carbon monoxide factories             

[22].  

 

Atlas Copco offers a wide selection of filtration solutions and application knowledge.  

The main pollutants that the focus is on are as follows: 

 
Figure 20: list of contaminants that Atlas Copco filters focus on capturing (source: Atlas 

Copco Corporation) 
 

 
Figure 21: different designs of air compressed filters (source: Atlas Copco website) 
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Figure 22: mounting of air compressed filters with the compressor (source: Atlas Copco 

website) 
 
There are many possible combinations of those devices with respect to their use and where               

they’re supposed to be mounted. The names of the different compressed air filters along with               

their specifications concerning inlet pressure and concentration, mass, nominal capacity and           

dimensions are all available. Teses are the types of compressed air filters: [22] 

❖ UD+ series (Two in one oil coalescing filters with supreme energy savings) 

❖ DD+/DP+ series (High performance coalescing filters) 

❖ DDp+/PDp+ series (optimal dry dust filtration)  

❖ QDT series (Activated carbon towers for optimal oil vapor filtration) 

❖ UD+ & QDT (the winning combination of previously mentioned devices) 

❖ QD+ series (high performance oil vapor filters) 

❖ SFA series (Silicone-free removal of oil aerosol, dust and oil vapor) 

❖ H series (guaranteed air purity up to 350 bar) 

❖ MV series (Medical vacuum filters for optimal protection of man and machine) 
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Figure 23: H-series compressed air filter (source: Atlas Copco website) 

An Air compressor as well as a filter are needed to be able to use Atlas Copco solutions for air                    

filtering. The most adequate compressed air filter for this project is the H series one, it reduces                 

the maximum number of contaminants by efficiently reducing oil aerosols, dust and wet dust,              

particulates, water droplets even if we don’t have that a lot in Marrakech since it’s not a                 

coastal city, and last but not least the oil vapor.  

 

The chosen filter is made of stainless steel that protects it from rust, epoxy sealed caps and                 

anti-corrosive coated filter housing. The prices of those filter vary from 1,000 mad to 2,000               

mad.  
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Minimum efficiency Reporting Value (MERV) parameters 
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ClimeWorks filters 

The company’s aim is to capture 1% of global CO2 emissions by 2025. The machines capture 

CO2 by binding the molecules to the filters. Later on, when the filters are saturated, their 

temperature rises to 100 °C using low-grade heat, the CO2 is collected as concentrated gas 

and driven to local greenhouses (as shown in the following figure).  

The filter is made of porous granulates modified with amines, which bind the CO2 in 

conjunction with the moisture in the air [23]. 

Figure 24: Illustration of Climeworks filters’ mechanism (source: climeworks.com) 

 

Remark 1: low grade heat refers to the heat generated but not used because of the complexity 

of extracting it, for example gases, vapours or water produced from the process of chilling 

circuits, compressors or cooling towers [24]. 

Remark 2: This filter is in particular used to capture only CO2 which makes it too narrow for 

our purpose. 

Vivex MCAC filters 

The filter’s name MCAC refers to Modular City Air Cleaner and is designed as a smog 

solution for particulate matter of 10 microns, Nitrogen oxide and volatile organic compound. 
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The MCAC unit can treat high volume of air from 20.000 till 1.000.000 m^3/h. The 

mechanism used is called cold plasma. It is called so because of the plasma purification 

chamber where  the high voltage electric field and/or high frequency create the plasma that is 

responsible of the forming of polarized particles and reactive chemicals like H+ and OH-. 

These released chemicals have four main effects: 

1. polarization of particles 

2. catalysis of reactions not commonly obtained at ambient conditions 

3. sterilization of bacteria and viruses 

4. aggregation of particles 

This generator has a pressure drop of 10 Pa and consumes 40 Watts/1000 m^3/hour of 

treated air which is considered very low consumption. The generator capacity is from 800 to 

1200 m^3 of air.  

Carbon Engineering 

This company’s first goal is to capture CO2 from the air by building advanced direct air 

capture (DAC) technology [25]. Using this technology, it is possible to dimension a DAC 

filter that captures up to 1,000,000 tons of CO2 per year which is equivalent to CO2 emissions 

of almost 250,000 cars. using chemical processing through four main operations including 

CO2 chemical capture and creating a purified compressed stream of CO2 only using water for 

scrubbing and natural gas. 
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Figure 25: Carbon Engineering method of capturing CO2 (source: 

www.carbonengineering.com) 

 The reason why the first process is called “wet scrubbing” is that it uses a strong hydroxide 

solution to capture CO2 and convert it to carbonate on the level of the air contactor. Then 

comes the pellets reactor where the carbonate is precipitated to calcium carbonate by adding 

calcium pellets to it. After drying, the calcium carbonate is transferred to the calciner where it 

is heated to decomposition temperature where the separation of CO2 and residual calcium 

oxide occurs. The calcium oxide is then hydrated and returned to the pellet reactor to 

precipitate with the carbonate again. The following figure shows in details the previously 

explained steps.  
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Figure 26: Steps of CO2 capture, purification and compression  (source: 

www.carbonengineering.com) 

This technology costs from 100 to $150 per tonne of CO2 captured. 

Our potential air filter 

Air filtration is the added feature to our project. The direct users who benefit from this option                 

are the people sitting on the benches under the shade of our solar tree. This characteristic is                 

related to many variables that will be mentioned below. Variables concerning air quality, air              

flow, speed, air pollutants in the specific area where the trees are to be installed, dynamics                

around the parc. Any building block existing in the surrounding affects the air flow,              

temperature and the quality of air.  

 

Projecting this method used and taking into consideration that our project will consist of              

purifying air as well, though will not be attached to an engine, our filters are to stored in the                   

trunk of the tree. The parameters used will concern  

➔ the wind/air speed at which the air will enter the chamber under the seats, 

➔ load capacity, 

➔ required lifetime,  

➔ Filter geometry paper medium,  

➔ thickness,  

➔ porosity etc. 

 

 

 

 

50 



 

 

 

 

 

 

 

Wind Speed in Marrakech 

The following is a graph showing the variation of wind speed in Marrakech throughout the 
year.  

 
Figure 27: Graph of wind speed in Marrakech throughout the year 2016 (source: 

weather-and-climate.com) 
 

Average velocity in Marrakech is then 2.5 m/s.  
 

 

Location of air filter installation 
 

Recognized as UNESCO masterpiece of oral and intangible heritage of humanity, 

Jamme-Lfna is known by the huge daily number of visitors either Moroccans or foreigners. 

The location where our project is to be installed is predicted to be in the corner of Jamee-Lfna 

for this reason. A study of the air flow in that region along with the turbulence around it is 

part of the case study of the area. The fact that it is an open air public place, not surrounded by 

tall buildings that could shade our solar panels, it is actually a great potential area to cover 
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with solar energy in order to reduce the dependence on grid electricity during the night. 

 

Figure 28: Jamee-Lfna square in Marrakech (source: wikipedia images) 
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NATURAL FILTERING MECHANISMS 

Our aim in this project is to make use of the advancement of technology along with preserving                 

the environment which is our first motive. Using an industrial filter will indead fulfill the               

function of air filtering, though its process making includes GHG emissions through the steel              

galvanization process. 

The alternative solution to this is to use natural filters that are made of natural fibers, don’t                 

require lot of processing and can be effective air filters from the existing air pollutants. 

 

Sisal fibers are physically more compact and absorb less moisture compared to jute fibers.              

Sisal composites exhibit much higher absorption levels than jute composites due to their             

cellulose content and the poor fiber-resin interface noticed in these composites. [26] 

Before proceeding details about natural filters, it is important to define few technical terms              

[27]. 

★ Adsorption: coming from the term adhesion that means deposition of          

molecules on the surface 

★ Absorption:process of absorbing or getting absorbed.  

 

Table 7: Difference between Adsorption and absorption 

Absorption Adsorption 

substance penetrates the surface surface phenomenon 

uniform rate initially increasing rate and decreasing later 

not dependent on temperature dependent on temperature 

endothermic process exothermic process 
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Activated Carbon Filters 

 

The active or activated carbon is usually derived from charcoal (bituminous or ignite). Its              

source and activation process decides for its specs. What makes activated carbon special is its               

small and low-volume pores (500 -1000 nm) which improves its adsorption capacity, one             

gram of activated carbon has a surface area that can cover 2 tennis courts (500 m); its                 

adsorption process is due to the ionic, polar and Van der Waals forces. The primary use of                 

activated carbon is to get rid of chlorine or chloramine in addition to many other processes                

where it is used like air purification from pollutants and odors, capture of Volatile organic               

compounds (VOCs), spill cleanup.  

Types of activated carbon  

There are two predominant types of carbon filters used in the filtration industry [28]:  

➢ powdered block filters  

➢ granular activated filters. 

➢ carbon beds 

➢ carbon blankets 

➢ pellets, canisters and cartridges 

There are many types of activated carbon to suit all uses in many fields and this is due to the                    

multiple specifications listed below [28]: 

➢ particle size 

➢ surface area 

➢ pore volume 

➢ moisture range 

➢ adsorption characteristics 

➢ pH 

➢ water solubility 
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Remark: There are some substances that shouldn’t be used in the making of activated carbon               

filters such as iron (100 ppm), phosphates and ash. There are multiple carbon filters in the                

market, the following are some examples: 

 

Figure 29: Picture of an activated carbon filter (source: Alibaba.com) 

These are some details about it:  

Table 8: Specifications of activated carbon filters 

warranty 12 months 

size 364 286 10 mm× ×  

Filtering material  coconut-shell activated carbon 

efficiency 95% 

weight 0.31 kg and can be customized 

application laboratory/clean room/air cleaning/air filtration 

porosity 5% 

certification ISO9001 2008 
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Function removing odor/ dust/ formaldehyde/ benzene and      

ammonia/  

characteristics 

 

● high adsorbing efficiency with large surface area 

● low resistance and long working life 

● high performance 

frame galvanized steel/aluminum 

 

Remark: honeycomb is unique by having: superior strength to weight ratio, high surface area              

to open area ratio and superior flow straightening. 
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POWER NEED 

The first thing to do before sizing our solar panels is to know our load which means the                  

devices that we need to provide with energy. Nalida Power solar tree has the following               

components, the non-necessary ones will be removed later and some other devices are to be               

added.  

1. 8 plugs which means a maximum of 8 devices possible to be used             

simultaneously 

2. 8 USB supports with an included inverter attached/hidden to the ports 

3. 4 LED DLP mini-projectors (Digital Light Processing) 

4. WiFi HotSpot  

5. Air compressor 

6. Compressed air filter 

7. 4 LEDs for public lighting by night 

8. Air quality sensor 

These devices are the main ones, there are other particularities we need to mention as well:  

1. Wires/cables 

2. Gel battery to store electricity for use by night 

3. Step down transformer 

4. Inverter 

5. Diodes 

For efficiency matters, there is no need to use plugs/sockets since we will need to use an                 

inverter to invert the direct current produced by the solar panels to Ac and then later the                 

chargers invert it again to DC that devices in general need. The solution we are thinking of is                  

to use buck -boost converter which is responsible of boosting up the current if it’s not                

produces enough from solar panels or step it down if there is excess without transforming DC                

to AC. Following is a figure of its circuit.  

57 



 

 

Figure 30: Buck-boost converter circuit 

So we’re cutting down from 11 devices to 9 by excluding plugs and inverters. Each device                

previously mentioned needs a certain voltage to function. The following table summarizes            

everything. 

 

Total load calculation 

Table 9: Calculating load power 

device power (W) 

8 USB ports 0 .5A  users 205 × 0 × 8 =    

4 LEDs 0  401 × 4 =   

total 0 40 602 + 2 =   

 

Our system will have a load of 60 W for public lighting during the night (for 12 hours) and for                    

supplying electricity through the USB ports for all day (24 hours) assuming it will operate               

continuously. 

 

Current calculation 

Using the power equation, we will find the current of our system:   I = P
V  

I= 60 W / 12 

I = 5 A 
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So the current in our system is 5A, this value will help us calculate the capacity of our storage                   

system which has a unit of Amps-hour. Taking into consideration a battery for 12 Volts of                

Direct Current.  

 

Required Storage 

There exist different ways of storing energy. Batteries, ultracapacitors, pumped hydro storage            

or compressed air. Lead-acid batteries were invented in 1859 by Gaston Planté, they are more               

resistant to corrosion and all problems that shorten battery life.  

 

Batteries can either have a high power or a high energy, but not both.  

C-Rate is the rate at which a battery discharged relative to its maximum capacity , and the                 

E-Rate is the discharge power to discharge the entire battery [29].  

 

The used batteries are Victron Energy batteries. The VRLA standing for Valve Regulated             

Lead Acid batteries has two types:  

● Sealed VRLA AGM batteries: AGM denotes Absorbent Glass Mat that refers to the             

electrolyte being absorbed due to capillary effect into a glass-fiber between the plates.             

These batteries are suitable for short time use and very high currents [30]  

● Sealed VRLA Gel batteries: the electrolyte in this battery is in the form of a gel that                 

makes it viscous due to the addition of Silica-gel and low concentration of Acid. These               

batteries work best for long life service and have a better cycle capacity than AGM               

batteries [30]. They’re also leak-proof since they’re sealed which also makes them            

heat and shock resistant. Gel batteries reduce the electrolyte evaporation, spillage (and            

subsequent corrosion problems) common to the wet-cell battery, and boast greater           

resistance to shock and vibration [31], [32]. 

 

The discharging time of the gel batteries is relative to the type of the battery cells as shown in                   

the following table: 
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Table 10: Effective capacity as a function of discharge time 

discharge time End voltage (V) AGM (deep cycle) % Gel (deep cycle) % 

20 hours 10.8 100 100 

10 hours 10.8 92 87 

5 hours 10.8 85 80 

3 hours 10.8 78 73 

1 hour 9.6 65 61 

30 min 9.6 55 51 

15 min 9.6 42 38 

10 min 9.6 38 34 

 

 

The capacity of our battery is calculated as follows:      Δt 5 12h 60 A.hI ×  =  ×  =   

Temperature effect on batteries: 

Temperature affects the lifetime of batteries in a bad way. The following table describes that. 

 

Table 11: Design service life of Victron batteries under float service  

average temperature (°C) AGM batteries (years) Gel batteries (years) 

20 7 - 10 12 

30 4 6 

40 2 3 

 

The chosen batteries are gel batteries are more resistant to the temperature which suits our               

need due to the not so high temperatures in the site where the trees are to be installed.  

The recommended settings for the 12V gel batteries are shown in the following table: 
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Figure 31: Recommended charge voltage (source: Victron website) 

 

The best option for storage then is the battery BAT412800104 (as shown below) with a               

capacity of 220 Ah that weighs 66 kg.  

 

Figure 32: Victron Gel battery (source: Victron website) 

Using PVsyst and plugging the specs and number of our panels, the loads and the battery type, 

we get the following consumption of electricity equivalent to 2 kWh/day throughout the year, 

the PVsyst output data is all attached in Appendix. A battery needed of capacity 396 Ah 

which is equivalent to 2 batteries that we have chose previously mounted in series. For the 

DC-DC controller used is a general one with high efficiency (95 - 97%) 
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ELECTRIC CIRCUIT 

Our electric circuit will combine all previously described devices and load used for our tree as 

shown in the following sketch:  

 

→ → →  

↓ 

  +  
Figure 33: Devices for solar tree electric circuit 

 

The power for these devices is described above in the power section along with the battery 

spacs and the power for other devices.  

Using PVsyst, we could get matching power, voltage and current for our stand alone circuit.  
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PASSIVE COOLING SYSTEM  

As our projects will include air flow inside the trunk, and storage for our cables, battery, we 

need to figure out a way that makes the air flow inside this structure with no drive such as a 

compressor or a fan-motor since our main goal is to use low energy or no energy at all in 

order to maximize the use of the stored energy reserved for the lighting and charging 

purposes. The solution for this is to use passive cooling system that will have two functions. 

Through the convection concept the hot air in the bottom of the tree will be directed upward 

and this way it can go through the filters and get cleaned. The second objective of using the 

passive cooling system is to have an air flow near the batteries since they will be heating up 

and will need to cool down somehow.  

 

Mechanism of passive cooling system 

When wind moves, it leaves a spot with positive pressure on its windward side and creates a                 

negative pressure on its leeward side. There are different ways to control air flow and variant                

methods starting by the choice of materials used and ending with the design of the               

structure/building. The method chosen in our case is a wind-catcher as shown in the following               

figure. There are two types of wind catchers [33]:  

➔ downward in flow of air which is a result of direct wind entry 

➔ upward flow of air which is result of wind assisted temperature gradient as shown in               

the following figure. 
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Figure 34 & 35: Wind-catcher to cool the hot air using a qanal (left) and water basin (right) 

(source: Wikipedia images) 

The way the air is cooled starts by it entering from the holes in the ground, passing through 

cold canals digged underground and then driven to cooled basements which in our case 

contains our battery that needs to be stored in a cool place. Then finally the cold air is driven 

up the tower where it passes through the filters that we are implementing all along the trunk of 

the tree.  

 

Types of wind catchers 

 

The passive cooling systems have been used a long time ago before the invention of 

ventilation and HVAC advanced technologies. It was so common in the middle east region 

due to desert climate and semi-desert climate where wind catchers have had different shapes, 

made from different materials ( clay, concrete …) were directed depending on the wind 

direction that differs from a region to another [34]. The studied plans are from Iran, Baghdad, 

Egypt, Afghanistan and are all inspired from persian architecture. the following picture shows 

a design for an ancient persian wind catcher.  
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Figure 36 & 37: Wind catchers used a long time ago as a passive cooling system tower 

(source: Wikipedia images) 

 

 There are 3 types of wind catchers:  

★ direct wind entry  

 

Figure 38: Direct wind entry design for wind catchers (source: Wikipedia image) 

★ wind assisted temperature gradient: see previous figures 

★ Solar produced temperature gradient using a solar chimney.  
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Figure 39: Solar chimney passive cooling system. (source: sciencedirect.com) 

 

Canadian Well - passive cooling system 

 
The canadian earth to air heat exchanger is a passive cooling system using pipes buried under 

the ground at a certain depth (1.5 to 2 meters) in order to benefit from the cool temperatures 

from the earth and circulate the air entering from the air inlet outside the house. The land has a 

large heat storage capacity [35]. 
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Figure 40: Design of a canadian well system implemented in Rabat (source: Diagram of 

operation of climate well-ADEME-2012) 

 

The installation components include all the following parts:  

● PVC pipes of 20 cm diameter and 6 meters in length 

● 100 mm diameter corrugated aluminum pipes 

The temperature decreases depending on the following equation:  

 

 

 

Earth-Air heat exchanger for passive air conditioning 
 
EAHX standing for earth-air heat exchanger is another name for canadian well which is a 

passive system for cooling and heating making use of the land as both a source and a sink for 

heat. The most important variable in this study is the temperature and the optimal length, 
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depth and width of underground pipes at which we find the optimal temperature.  The depth of 

the pipes vary from 0.5 meters to 2 meters using 17 meters long tubes with a 90 m^3/hour 

ventilator in order to get a decrease of air temperature by 10 °C. 

Figure 41: Canadian well design in Burkina Faso (source:canadian well for ventilation and 

air conditioning )  
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FINANCIAL STUDY 
 

INITIAL INVESTMENT 

Table 12: Cost of electric part  

device cost 

8  USB ports 70 mad*8 = 560 mad 

4 LEDs  4*50 mad = 200 mad 

Gel battery  2,800 mad 

PV modules (leaves 
panels) 

8,640 mad 

Buck-Boost converter  2,000 mad 

120 m of wires  865 mad 

total electric cost 15,065 mad 

 

The cost of one unit leaf that contains 10 cells of polycrystalline PV is 360 mad / unit 
provided by energy Morocco. The bill is attached in appendix.  
 

Table 13: Activated carbon cost 

Device Cost/unit 

Activated carbon filter 60 to 100 mad 

 

Table 14: Compressed air filter cost 

Device Cost 

Compressed air filter 600 to 4,000 mad 

air compressor 5,000 to 40,000 mad 
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Table 15: Cost of tree construction 

Part Cost 

steel trunk and branches (galvanised steel) .5 mad/kg 5, 00 kg 7500 mad1 ×  0 =   

foundation (pylex screws) 00 4 800 mad2 ×  =   

Total construction cost 8,300 mad  

 

The entire tree is made by galvanized steel, easily assembled using the IKEA concept to be                

practically mounted and transported. The measurements of the tree are shown in the following              

sketch. 

 

Figure 42: Sketch of top view of Solis tree (source: Solvis document) 
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Figure 43: Sketch for profile view of Solvis tree (source: Solvis report) 

 

 

For the foundation part, there are two alternatives. For the previously installed trees from              

Croatia, Nalida has used concrete foundation , as shown in the      20 cm 20 cm 20 cm1 × 1 × 1      

figure below. The total cost includes the digging machine cost, working cost and concrete cost               

the reason why we looked for a much easier solution which is the Pylex screws. 
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Figure 44: Foundation for solar tree (source: Solvis report)20 cm 20 cm 20 cm1 × 1 × 1  

 
The total cost for out tree including electric part, materials used and filters used is : 23,565 
MAD.  

Lifetime 
Table 16: Description of lifetime for each part of the tree 

PV polycrystalline 25 years 

Battery victron energy 12 years 

Active carbon filter 18 months to 5 years 

Galvanized steel branches 40 to 60 years 

Total lifetime 20 years 

 

Maintenance 
 
The only thing that needs maintenance is the air filters every 18 months at the minimum.  
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BENCHMARKING 

Table 17: list of competitors and the cost of their trees 
 

Solar tree company Price 

Spotlight solar 5 kW $30,000 to $60,000 

smart palm 2.5 kW N/A 

EnergySage 5 kW $30, 000 

eTree 7 kW N/A 

wind tree 5.4 kW $49,500 

Solvis tree N/A 
 
These are some pictures of those different solar trees all around the world.  

 
Figure 45, 46 & 47: Different designs of solar trees: eTree (left) Smart Palm (center), Solvis 

Solar (right) (sources: sol-logic.com, smart-palm.com, www.solvis.hr respectively) 
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LEVELIZED COST OF ELECTRICITY 

Levelized cost of electricity (LCOE) is the measure of electricity cost for a certain power 

source, its general equation is presented as sum of costs over lifetime over sum of electrical 

energy produced over lifetime, it is expressed in $/kwh. In this section the total variables are 

to be defined.  

 

★ Initial investment: 23,565 mad 

★ Operations & maintenance cost: 23,565 * 20% = 4713 mad 

★ Fuel cost: 0 mad  

★ Power produced over lifetime: 2433 kWh/year * 20 years = 48,660 kWh 

★ Overall efficiency of the system:  

○ battery efficiency * panels efficiency* converter efficiency 

○ overall efficiency = 80% * 20% * 97%= 15%  

 

Using the formula for the LCOE above, we get:  

Utilization: 24h/7 days with a peak during rush hours and weekends. Jame Lfna is a touristic 

place, always overcrowded day and night which makes our product almost used all the time.  

The levelized cost of electricity is given by:  

 

The LCOE is then 3.87 mad/kWh compared to the price of electricity in Morocco is the triple 

or almost 4 times higher, though the lifetime is to be determined since our tree is made of 

different parts with different lifetimes.  
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ENVIRONMENTAL STUDY 
 

MITIGATION COST 
 
Mitigation is the effort to reduce loss of life by lessening the impact of disasters. In order for                  

mitigation to be effective we need to take action now—before the next disaster—to reduce              

human and financial consequences later (analyzing risk, reducing risk, and insuring against            

risk). As part of analyzing the risk the study of how much CO2 is used to get the fuel powered                    

electricity per capita. Assuming that one person charges their phone on a daily basis for 30                

min and uses on average 5 volts a day.  

 

If we want to plant trees instead of using air capture, it will require vast amount of cultivated                  

land and to capture the same amount of CO2 as a facility, trees will need a 1000 times more                   

land.  

 

Table 18: CO2 emissions in Morocco in 2007 

 CO2 emissions 
(million tons) 

% change since 
1990 (%) 

CO2 emissions 
per capita (tons) 

CO2 emissions 
per km^2 (tons) 

Morocco 46.40 97.1 1.49 103.91 

 

For each 1 kWh of electricity 75 g of CO2 is emitted due to fossil fuel electricity generation 

power plants [36]. So the amount of CO2 our solar tree is saving is 8 users * 0.5 

hours/user*24 hours/day*5 volts*1.55 Amps = 744 Wh/day. 

 

Amount of CO2 saved per day:  = 55.8 g of CO2 / day/tree.744 750 ×   

Amount of CO2 saved per month: = 1.674 kg of CO2 / month/tree5.8 305 ×   

75 



 

Amount of CO2 saved per year: 20.088 kg of CO2/ year-tree which is 20 tons/tree 

 

The idea of solar trees came from having artificial entertainment parks; if we estimate the 

number of trees necessary to replace the CO2 emissions from electricity fuel powered as 

shown in the table above, we will get the following number:  

Number of trees = =  2,330,000 trees .46.4 10 ) 20 ( ×  6 ÷    

 

CARBON FOOTPRINT 
 
The carbon footprint reflects the amount of CO2 emitted due to production, installation and 

transportation of a certain product basically all the operations of its supply chain and that is 

what we are trying to do for our solar tree. For the photovoltaic cells and according to the 

Agency for the Environment and Energy Management (ADEMEE) CO2 emissions vary from 

33 to 55 g for each kWh. 

For the galvanised steel part, its emission factor is 1kg of galvanized steel is equivalent to 

6.15 kg of CO2 which means for the total mass of steel used in our tree, the carbon footprint is 

estimated to be 30.75 tons of CO2.  
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STEEPLE ANALYSIS 

 

a. SOCIO-CULTURAL 

After hosting the COP22 and all the projects that came with it, Marrakech is the most suitable                 

city for this project because citizens have been adapted to the switch towards clean energies.               

The potential site that could host our solar trees is Jamaa El Fna. It attracts around 1 million of                   

visitors through each year. It is indeed a car free spot, though the air filtering feature is useful                  

for there is too much particulate matter produced by the open air barbecue, and the dust from                 

surroundings. Our solar tree is to have a moroccan design, suitable for such multicultural              

places. The design of our solar tree is a combination of modernity and authenticity. Pleasing               

to the eye and providing an essential deliverable to a generation that is so addicted to phones,                 

tablets, laptops and power banks. 

 

b. TECHNOLOGICAL 

The combination of advanced technology and latest methods is what makes our project special              

and unique. Our solar tree will be equipped of smart devices such as LED projectors,               

interactive screens and QI charging spots. There will be routers of WI-FI available for the               

citizens. Information gathering from these trees should be available and recorded in a way to               

make the providers able to track the energy consumption and peak hours of the sun or any                 

parameters related to the sun irradiance.  

 

c. ENVIRONMENTAL 

This project is a wake up call to care about our consuming behavior, about the excessive use                 

of natural resources and an encouragement to use non-conventional energy sources like the             
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sun. Through this project, we want people to trust solar panels and know that the more you                 

pay now for a greener future the less pollution we will get in the future. Anything has a cost                   

and it is time to think about the environment and our mother Earth more than we think about                  

ourselves. The Nalida company is also making an initiative in parallel to providing the solar               

trees. For each solar tree constructed, a tree of a preferred type (if there is any from the                  

customer) is planted somewhere. This way we convey the message that no matter how              

advanced we get, we can never stop relying on nature; because nature will always win, so we                 

better take care of it if we want it to take care of us. This project can be seen as a substitute to                       

the solar public lamps that are powered from the grid. The grid is connected to coal-fired                

power plants. By switching to solar trees, we’re saving a lot more energy, and the future work                 

will be to produce energy enough in order to contribute to the grid.  

 

d. ECONOMIC 

The energy cost for our solar trees is only related to the production of the parts of the tree and                    

installation fees. The solar trees will only need maintenance whenever there is a technical              

issue; otherwise the solar panels will be fixed and don’t require any change of tilt angle. The                 

Lead-Acid batteries don’t require any maintenance through their lifetime. From the overall            

economic perspective, the benefits for this project will come on the long term. The costs               

might seem high now, but after the solar trees pays off, we will get free energy in the latter                   

years.  

 

e. POLITICAL 

This project fits within the national priority of converting sources of energy to renewables as               

much as possible. The government has encouragement schemes for start-ups to go on this              

path, and this project will benefit from those incentives.  
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f. LEGAL 

The law prioritises the development of renewable sources in order to promote energy security,              

access to energy, sustainable development, reduction of GHG emissions, reduction of           

deforestation, and integration/harmonisation of Morocco’s renewable energy production with         

other Euro-Mediterranean markets. 

 

g. ETHICAL 

To begin with, Nalida company gets the full credits for this project, the supervisors and I                

enhanced the idea and added few features to it. This project will follow the ethical procedures                

for production, assembly and disassembly.  
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CONCLUSION  
    

This report has dealt with the main features of the intelligent solar tree proposed by Nalida                

Power and has described the various combinations it can have. A comparative case study of               

filters has been done in order to choose the best option. In addition, data about the location                 

where our product is to be installed in Marrakech adds more feasibility to this report. 

 

There are many other matters which have not been included and are mentioned in the future                

work section below. More information about the road map of this project including more              

advanced technology used and inspecting more mitigation of the production process our tree             

has for the moment.  

 

The potential final design of the tree is based on the use of natural filters since the industrial                  

filters consume lot of electric energy and their use in general is not environmentally friendly.               

The total cost of the tree is reduced compared to other somehow similar projects in the                

market, it makes a total of 23,565 mad with an LCOE of 3.87 mad/kWh. Our solar tree saves                  

up to 20 tons of CO2 per year which is a significant number compared to how much CO2 the                   

Teak tree which is the highest absorbing CO2 tree and takes up to 3,7*10^5 tons during its                 

lifetime. 

 

The number of installed trees is to be determined later using another study concerning the air                

flow dynamics for each region and the shading aspects. In general before installing our tree in                

any place, a complete study should be done before in order to be effective and efficient. 
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FUTURE WORK 

This project has been a great experience to learn about simulation softwares, review all the               

previous classes taken during the bachelor years and use engineering analysis skills acquired.             

There is always a room for change and concerning this project, there is a huge room for future                  

work and enhancement. 

 

The main objective of this project is educative in addition to entertaining, social, commercial              

and environmental objectives. The way it is decided to be educative is the interaction with               

users using wireless connected screens to the trees. Those screens display information about             

air quality as a primary data in addition to percentages and initiatives to cut down on GHG                 

emissions. 

 

The air quality sensors are to be implemented in different parcs, included in maximum two               

trees per parc in order to get enough data gathering from all sensors and be able to track air                   

quality on a daily basis. 

 

We also plan to display ads for companies or sponsors through those screens. Those screens               

should also be added to the load, there is a room for them to be added since their low                   

consumption has been taken into consideration while calculating the load. 

 

The design is to be enhanced in order to be pleasant to the eye and Moroccan oriented. The                  

passive air cooling system needs an implementation in order to see air flow depending on the                

tower (trunk) and see if the height should be increased or lowered.  
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