
 

 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 

SCHOOL OF SCIENCE AND ENGINEERING 

 

 

 

 

IMPLEMENTING CIRCULAR ECONOMY STRATEGIES IN 

MOROCCO 

 

 

 

Capstone Design 

April 2019 

Mohamed Amine Bentaleb 

Supervised by Dr. A. El Asli 



i 

IMPLEMENTING A CIRCULAR ECONOMY STRATEGIES IN MOROCCO 

                                                       Capstone Final Report 

Student Statement:       

 “The designer has applied ethics to the design process and in the selection of the 

final proposed design. And that, the designer has held the safety of the public to 

be paramount and has addressed this in the presented design wherever may be 

applicable.” 

 

 

 

 
_____________________________________________________ 

Mohamed Amine Bentaleb 

 

 

 

 

Approved by the Supervisor 

 

 

 

 

_____________________________________________________ 

Dr. A. El Asli 



ii 

ACRONYMS 

CE: Circular Economy 

CSP: Concentrated Solar Power 

EMF:  Ellen Macarthur Foundation 

LC: Life Cycle 

LCA: Life Cycle Assessment  

LCI: Life Cycle Inventory 

LCIA: Life Cycle Inventory Assessment  

NGO: Non-Governmental Agencies 

OCP: formerly the Office chérifien des phosphates) 

PG: Phosphogypsum  

PV: Photovoltaic Systems 

RE: Renewable Energy 

Rs: Reduce, Reuse, Recycle and Recover 

WEF:  World Economic Forum 

MASEN: Moroccan Agency for Sustainable Energy 

COP: Conference of the parties 

EC: Emission Control 

FNBTP: National Federation of Building and Public Working (Fédération Nationale De 

Bâtiment Et Travaux Publics in French) 

 

 



iii 

List of Figures 

Figure 1: Circular economy strategies in line of production by importance   

Figure 2: Circular strategies and the line of production 

Figure 3: Moroccan Energy mix 2020-2030 according to the prevision of the Haut 

Commissariat au Plan 

Figure 4: Circular economy strategies in line of production by importance    

Figure 5: Circular strategies and the line of production 

Figure 6: Moroccan Energy mix 2020-2030 according to the prevision of the Haut 

Commissariat au Plan 

Figure 7: An integrated group throughout the value chain 

Figure 8: A unique position in the industry thanks to a significant presence in the three 

segments of the value chain 

Figure 9: OCP activities in Morocco 

Figure 10: OCP presence in the world 

Figure 11: Elaborated strategy to a durable management of phosphogypsum 

Figure 12: Main strategies used Globally 

Figure 13: Interface of The Software 

Figure 13: Diagram of the processes of transformation of Phosphate Rock 

Figure 14: Steel Wheel Road Roller XS203 

Figure 15: Rubber Tire Roller XP303S 

Figure 16: Phosphogypsum Disposal  

Figure 17: Clay 

Figure 18: Graph of the Cost for Alternative 1 

Figure 19: Graph of the Cost for Alternative 2 



iv 

Figure 20: Inventory Results (Alternative 1) 

Figure 21: LCIA Results (Alternative 1) 

Figure 22: Process Results (Alternative 1) 

Figure 23: Inventory Results (Alternative 2) 

Figure 24: LCIA Results (Alternative 2) 

Figure 25: Process Results (Alternative 2) 

Figure 26: Windy hill road in Georgia United States of America 

Figure 27: Average Emissions Impact of Biodiesel for Heavy-duty Highway Engines  

Figure 28: Sector concerned in production of Biodiesel 

Figure 29: Mohr-Coulomb strength envelope 
 

Figure 30: Mohr-Coulomb Failure Criterion 

 

 

 

 

 

 

 

 

 



v 

List of Equations 

Equation 1: Payback Period Formula 

Equation 2: NPV formula 

 

List of Tables 

Table 1: Steeple Analysis 

Table 2: General information 

Table 3: Workforce cost 

Table 4: Equipment Cost 

Table 5: Material Utilized 

Table 6: Total Cost (Alternative 1) 

Table 7: Total Approximated Revenue (Alternative 1) 

Table 8: Total Cost (Alternative 2) 

Table 9: Total Approximated Revenue (Alternative 2) 

Table 10: Payback Period (Alternative 1) 

Table 11: Payback Period (Alternative 2) 

Table 12: NPV of Alternative 1 

Table 13: NPV of Alternative 2 

Table 14: Energy Consumption 

Table 15: the resultant of 1 kg of phosphogypsum [44] 

Table 16: Characteristic of the Model XS203 

Table 17: Characteristic of the Model XP303S 



vi 

ACKNOWLEDGEMENTS 

I would like to express gratitude to Dr. Abdelghani El Asli, who invested significant time to 

hear, guide and keep me on the right way and enable me to complete my Capstone successfully. 

I was first familiarized to the field of energy and environment thanks to my thematic area in 

AUI. My supervisor helped me grow my scope of knowledge and interest in this domain. Hence, 

I pick this moment to recognize his commitment appreciatively.  

I would also like to express my gratitude to my family for their encouragements and support, 

and for offering me the opportunity to receive my education at Al Akhawayn, the best 

University in the Maghreb region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

Table of Contents 

ACRONYMS ...................................................................................................................... ii 

List of Figures................................................................................................................. iii 

List of Equations............................................................................................................. v 

List of Tables ................................................................................................................... v 

ACKNOWLEDGEMENTS .............................................................................................. vi 

Table of Contents ......................................................................................................... vii 

ABSTRACT ...................................................................................................................... ix 

1. INTRODUCTION ....................................................................................................... 1 

2. LITERATIVE REVIEW .............................................................................................. 1 

2.1 Circular Economy  .................................................................................................................................................. 1 
2.2 Schools of Thought ................................................................................................................................................ 6 
2.2.1 Cradle to Cradle  .................................................................................................................................................. 6 
2.2.2 Performance economy........................................................................................................................................ 6 
2.2.3 Biomimicry .......................................................................................................................................................... 7 
2.2.4 Industrial Ecology............................................................................................................................................... 7 
2.2.5 Natural Cap italism .............................................................................................................................................. 7 
2.2.6 Blue Economy  ..................................................................................................................................................... 8 
2.2.7 Regenerative Design........................................................................................................................................... 8 
2.3 Closing Loops ......................................................................................................................................................... 9 

3. RENEWABLE ENERGY IN MOROCCO .............................................................10 

3.1 Potential of Renewable Energy in Morocco .................................................................................................... 10 
3.1.1 Moroccan energy policy .................................................................................................................................. 11 
3.1.2 Law No. 13-09 on renewable energ ies of 11 February 2010 .................................................................... 12 
3.1.3 Law No. 47-09 on energy efficiency of 17 November 2011..................................................................... 12 
3.1.4 Law No. 57-09: formation of the Moroccan solar energy agency “MASEN”  ....................................... 12 
3.1.5 Law No. 37-16: “MASEN” becomes  Morocco’s Sustainable Energy Agency (MASEN).  ................ 12 
3.2 Challenges ............................................................................................................................................................. 13 

4. TRANSITION TO CIRCULAR ECONOMY .........................................................13 

5. STEEPLE ANALYSIS.............................................................................................15 

6. CASE STUDY: .........................................................................................................16 

6.1 Feasibility Study................................................................................................................................................... 16 
6.1.1 Executive Summary  ......................................................................................................................................... 16 
6.1.1.1 OCP (previously the Office chérifien des phosphates) ........................................................................... 16 
6.1.1.2 OCP presence in Morocco ........................................................................................................................... 17 
6.1.1.3 OCP presence in the global scale ................................................................................................................ 18 
6.1.1.4 Strategy to optimize phospho-gypsum....................................................................................................... 18 
6.1.2 Operational Feasibility ..................................................................................................................................... 19 
6.1.2.1 Gypsum and Circular Economy:................................................................................................................. 19 
6.1.2.1.1 Application of gypsum as construction material .................................................................................. 19 
6.1.2.1.2 Gypsum-an impact on soil quality  .......................................................................................................... 20 



viii 

6.1.2.1.3 PhosphoGypsum......................................................................................................................................... 21 
6.1.2.1.4 Life Cycle: ................................................................................................................................................... 21 
6.1.2.1.5 LCA, LCI, LCIA: What’s the Difference? ............................................................................................ 21 
6.1.2.1.6 OpenLCA (Software) ................................................................................................................................ 22 
6.1.3 Technical Feasibility ........................................................................................................................................ 23 
6.1.3.1 Management of Phosphogypsum................................................................................................................ 23 
6.1.3.2 Phosphogypsum Disposal ............................................................................................................................ 24 
6.1.3.3 Recycling ........................................................................................................................................................ 24 
6.1.3.4 Environmental impact ................................................................................................................................... 25 
6.1.4 Economic Feasibility ........................................................................................................................................ 25 
6.1.4.1 Cost to develop .............................................................................................................................................. 25 
 ..................................................................................................................................... General 

Information: ..................................................................................................................................................................... 25 
6.1.4.1.1............................................................................................................................................................................ 25 
6.1.4.1.2 Workforce Cost .......................................................................................................................................... 26 
6.1.4.1.3 Equipment Cost .......................................................................................................................................... 26 
6.1.4.1.4 Material Ut ilized......................................................................................................................................... 27 
6.1.4.2 Total Cost and Revenue ............................................................................................................................... 28 
6.1.4.3 Payback Period............................................................................................................................................... 30 
6.1.4.4 Net Present Value  .......................................................................................................................................... 31 
6.1.5 Ecological Impact ............................................................................................................................................. 32 
6.2 Results .................................................................................................................................................................... 35 
6.2.1 Summary  ............................................................................................................................................................ 35 
6.2.2 Possible improvement:..................................................................................................................................... 36 
 ................................................................................................................. Diesel Vehicles Using 

Biodiesel........................................................................................................................................................................... 36 
6.2.2.1 ............................................................................................................................................................................... 36 
6.2.2.2 Biodiesel.......................................................................................................................................................... 36 
6.2.2.3 Types of Biofuel ............................................................................................................................................ 37 
6.2.2.4 Utilizat ion of Biodiesel................................................................................................................................. 37 

7. Conclusion ..............................................................................................................39 

8. References...............................................................................................................40 

9. APPENDICES: .........................................................................................................45 

Appendix A: Energy Consumption ............................................................................................................................. 45 
Appendix B: Energy Consumption ............................................................................................................................. 46 
Appendix C: Characteristic of the Model XS203 ..................................................................................................... 47 
Appendix D: Characteristic of the Model XP303S .................................................................................................. 48 
Appendix E: Direct Shear Test..................................................................................................................................... 49 
 

 



ix 

ABSTRACT 

Recently, the notion of circular economy has become more studied and applied around the 

world. My capstone will be about applying and integrating circular economy strategies in the 

Moroccan economic sector. Research was done on circular economy and literature review on 

renewable energies in Morocco was retrieved. Moreover, the potential application of circular 

economy strategy in Morocco and how to conceptualize it was investigated. For the analysis, I 

examined some applications of these strategies in other countries. The first step was to provide 

the best alternatives in terms technologies to use in a circular process. Consequently, attempts 

have been tried to answer the question of how the transition from a linear economy to a circular 

economy can be achieved. For implementation, the organization OCP  was contacted as it fits 

the criteria of application of circular economy strategy, and some strategies were proposed. The 

final step was to assess the efficiency of the method analysed via software for computation of 

economic and environmental impact (Excel and OpenLCA). The main aim of my capstone 

remains to find the most optimized and cost effective procedure to apply circular economy in 

the Moroccan economy in terms of available technologies and resources via for example the 

utilization of Renewable Energies. The circular economy symbolises a sustainable method of 

manufacturing and a solution to pollution and greenhouse gas emission. Additional ly, it has the 

potential to offer prospects in terms of employment and economic growth, and guarantee 

energetic independence of the country. 

Key words: Circular Economy, Renewable Energies, Greenhouse Gas Emission, Excel and 

OpenLCA… 
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1. INTRODUCTION 

Circular Economy has become in the recent year experimented and applied in several countries 

with some success. In Morocco, this concept is still extensively applied in the economic sector 

although there is some example like OCP. The Moroccan government has set up ambitious plan 

toward a more circular economy. From the governmental ambition, we can conclude that there 

is a political will to move toward an economy more circular than linear. Moreover, the public 

and private economic sector have profited from the investment of the government and foreign 

actor to contribute to the objectives set up by the government. Consequently, Morocco may 

represent in a near future a model in term of circular and sustainable economy. 

My capstone is essentially about analyzing viability of application and integration of circular 

economy strategies in Moroccan companies. My main aim is to find a viable case to apply 

circular economy in the Moroccan context in terms of available technologies and resources. 

Literature review was conducted to comprehend the developing sector of renewable energies in 

Morocco and the main aspects influencing the sector will be treated in the steeple analysis. 

In this capstone, I will use several accessible software (Excel, OpenLCA), to analyze and filter 

the data provided (environmentally and economically). I will use this data to set up strategies 

centered on the concept of circular economy.  

The case studied can be defined as finding the most cost effective alternatives to optimize 

phosphogypsum the main by-product of the production of fertilizer from phosphate by the 

company OCP. A feasibility study will be conducted to assess the feasibility of the alternat ives 

chosen and the best option will be picked.    

 

2. LITERATIVE REVIEW 

2.1 Circular Economy 

The concept of CE is roughly founded on a divided accumulation of thoughts got from an 

assortment of logical orders and semi-logical ideas. In the domain of engineering, specifically 

in modern environment, CE related research has discovered a home as a point of takeoff. 

Aside from built up research fields for example environmental financial matters, which has a 

long convention in reusing and its related issues, CE likewise gives a characteristic purpose 

of flight in other research streams. These incorporate modern biological communities and 

mechanical symbioses, cleaner generation, item administration frameworks, eco-productivity, 
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support to-support plan, biomimicry, flexibility of social environmental frameworks, the 

efficiency economy, “natural capitalism”, the idea of zero emission and others. [1] 

The circular economy (CE) concept is more taken into interest by both academics and 

experts. This is shown by the fast development of peer-reviewed articles on CE. Moreover, 

publication of consultancy reports have been raising on the topic lately. For example, “the 

major consulting firms Accenture, Deloitte, EY and McKinsey & Company all have 

published on CE in the past two years”. This concept is of great importance for both 

academics and experts since it is regarded as an “operationalization for businesses to 

implement the much-discussed concept of sustainable development”. The latter notion has 

been entitled to be too ambiguous to be applicable and has hence started to decrease in public 

interest with even some scholars calling it” a theoretical dream [rather than] implementable 

reality”, we live currently in an era of ‘sustainbabble’, a discordant abundance of utilizations 

of the world “sustainable [development]” to signify anything from “environmentally better to 

cool”. Famous notions also supposed to operationalize sustainable development for 

businesses are “the green economy and green growth concepts, whereas the CE concept is 

argued to be the one with most traction these days”. [2]  

The CE notion draws on numerous ideas, built up decades prior, for example, spaceman 

economy, breaking points to development, steady-state economy, performance economy, 

modern ecology and “support to-support”, among others. Be that as it may, the enthusiasm for 

the advancement of the CE notion worldwide has been restored as of late, which is reflected 

in the primary wellsprings of data on circular economy. Specifically, before 2012 “circular 

economy” have principally been examined in the papers depicting advancement in China, 

because of its initial selection of circular economy as a nationwide scheme. Process of CE idea 

advancement is right now occurring in Europe, which is reflected in the way that most of the 

significant writing is distributed as degree reports and activities from governments and NGOs. 

These productions think about idea development, vision creation and detailing of 

methodologies. The accompanying meanings of CE have been found in the writing:  

A modern economy in which material streams continue flowing at a high rate without entering 

the biosphere except if they are organic supplements; a mechanical economy that is helpful by 

goal; intends to depend on sustainable power source; limits, tracks and takes out the utiliza t ion 

of lethal synthetics; and destroys squander through watchful plan; an economy that gives 

various esteem creation components which are decoupled from the utilization of limited assets; 
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in a round economy, development originates from ‘inside’, by expanding the esteem got from 

existing monetary structures, items and materials. [3]  

1. focuses on stock enhancement. Has a structure of three circles: reuse and re-

showcasing for merchandise, item life augmentations for products and a reusing circle for 

molecules (optional assets).  

2. a general term for diminishing, reusing and reusing activities led during the time spent 

generation, course and utilization.  

3. in the circular economy the estimation of products, materials and assets is kept up in 

the economy for whatever length of time that conceivable, and the production of waste limited  

4. an option in contrast to a customary linear economy (make, use, arrange) in which we 

keep assets being used for whatever length of time that conceivable, remove the most extreme 

incentive from them while being used, at that point recuperate and recover items and materia ls 

toward the finish of each administration life.  

5. a financial and industrial framework dependent on the reusability of items and crude 

materials, and the helpful limit of normal assets, which likewise endeavors to limit value 

demolition in the general framework and to expand esteem creation in each connection in the 

framework.  

6. an industrial model that decouples incomes from material.  

7. an industrial framework that is helpful by aim and structure. The thought is that as 

opposed to disposing of items before the esteem are completely used, we should utilize and re-

use them.  

It ought to be noticed that the rundown above is not comprehensive, and different meanings 

of CE exist. One of the regular standards found among the methodologies is boosting the 

estimation of the products being used that can likewise be characterized as “stock 

optimization”. This principle has, for instance, been communicated in the recorded above 

references as following expanding the worth got from existing financial structures, items and 

materials centers around stock advancement the estimation of items, materials and assets is 

kept up in the economy for whatever length of time that conceivable keep assets being used 

for whatever length of time that conceivable, separate the most extreme incentive from them 

while being used boost esteem creation in each connection in the framework as opposed to 

disposing of items before the esteem are completely used, we should utilize and re-use them. 

[3]  
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The cause of the stock optimization guideline depends on the acknowledgment of the 

constrained idea of Earth’s assets and can be followed to a few entrenched ideas including:  

• the ‘spaceman’ economy, which recommended supplanting the traditional open 

monetary framework with a repeating framework equipped for nonstop generation of 

materials, despite the fact that it can’t exist without contributions of vitality;  

• the “steady-state economy”: an economy with consistent loads of individuals and 

vestiges, kept up at some ideal, adequate dimensions by low rates of support throughput, that 

is, by the most reduced plausible streams of issue and vitality from the primary phase of 

creation to the last phase of utilization.  

• the ‘limits to growth’: the computers simulation of exponential monetary and 

population development with limited asset supplies under 3 situations, two of them prompting 

“overshoot and breakdown” of the worldwide framework, while a third to a “stabilized world.”  

•  the ‘modern ecology’ that imagines reconciliation of industrial environments in 

similarity to organic biological systems with execution of such natural impersonation as an 

eco-modern park where materials are reused inside and where vitality is the main outside input.  

•  the “cradle-to-cradle” idea delineates a shut arrangement of asset streams drew closer 

from an item life cycle point of view.  

Another basic rule that has been distinguished in the CE approaches is the Eco-productivity. 

It shows up diversely relying upon the methodologies. A portion of the methodologies stress 

eco-effectiveness as the reason for CE or even synonymous to CE. Different methodologies 

consider eco-productivity as one of a few outcomes of CE, alongside monetary value and 

occupation creation, decrease in emanations and waste, improved asset security and 

diminished value instability for assets. Eco-effectiveness can be accomplished likewise in a 

linear economy by expanded asset efficiency and waste minimization, as has additionally been 

talked about by EMF. Essentially, two unique ideas have been recognized by the EMF, the 

eco-efficiency and eco-effectiveness. Eco-effectiveness has been characterized as a 

methodology of minimization and dematerialization, that depends on the limiting the volume, 

speed, and lethality of the material stream framework. Eco-adequacy, then again, involves the 

change of products and their related material streams to such an extent that they structure a 

steady association with biological frameworks and future monetary development. The 

objective isn’t to limit the cradle-to-grave stream of materials, yet to create recurrent, cradle 

to-cradle ‘metabolism’ that empower materials to keep up their status as assets. It has been 

proposed that CE ought to essentially go for eco- effectiveness as opposed to eco-efficiency.  
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Waste prevention is likewise regularly present in the CE approaches, in some of them as the 

fundamental motivation behind CE. Waste prevention thought, which may come from the 

acknowledgment of the Earth’s restricted limit with regards to absorption of pollution, is 

normal to such ideas as “matter out of place”, “cradle-to- cradle” and “planetary boundaries”.  

Another element shared by the CE approaches is the component for accomplishing stock 

optimization and waste prevention through the primary natural procedures (the Rs): Reduce, 

Reuse, Recycle and Recover: reuse and re-advertising for merchandise, and a reusing circle 

for optional assets; CE is a general term for diminishing, reusing and reusing activit ie s; 

recuperate and recover items and materials.  Framework dependent on the reusability of items 

and crude materials as opposed to disposing of items, we should utilize and re-use them. It 

ought to be noticed, that more nuanced R-typologies exist in the writing, including “Reject, 

Repair, Refurbish, Remanufacture and Repurpose”.  [3]  

The planned degree of circularity (either back to the first assembling or downshifting) varies 

among the methodologies. Just WEF proposes the total cycle for CE degree. Repurposing of 

assets and downshifting is acknowledged by the methodologies displayed by EMF, EC, and 

Government of China. Different methodologies advocate for “tight cycles”. As has been called 

attention to, the littler the circle (movement shrewd and geologically) the more productive and 

asset effective it is. The “tight cycles” can be communicated as the snugness of the circle inside 

an esteem chain. The less hubs of the chain must be passed for the CE action, the more tightly 

is the circle and the greater is the safeguarded esteem. For instance, the circle inside 

Consumption and Use is more productive than from Consumption and Use to Re-fabricate, 

that additionally includes hubs. [3]  

Another contrast between the methodologies is the proposed extent of CE regarding the 

included assets: every single physical asset or just certain parts, items, materials and 

substances. Methodologies displayed by the EMF and Government of China are the most 

extensive, pushing for circularity at the dimensions from materials through items to 

frameworks. A few methodologies select purported “need” materials or potentially items, as 

recommended, for instance, some propose concentrating on non-sustainable materials while 

other on materials and items as a rule. [3]  

However, we can define broadly circular economy as “an economic system where products 

and services are traded in closed loops or ‘cycles’. A circular economy is characterized as an 

economy which is regenerative by design, with the aim to retain as much value as possible of 

products, parts and materials. This means that the aim should be to create a system that allows 
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for the long life, optimal reuse, refurbishment, remanufacturing and recycling of products and 

materials.”  [4]  

2.2   Schools of Thought 

The circular economy concept has established starting points and can't be followed back to one 

single date or creator. Its handy applications to present day monetary frameworks and modern 

procedures, in any case, have picked up energy since the late seventies, driven by few 

scholastics, thought-pioneers and organizations. [5]  

2.2.1 Cradle to Cradle 

This scheme thinking reflects all inputs engaged in manufacturing and commercial procedures 

to be supplements, of which there are two core classes: technical and biological. The Cradle 

to Cradle framework emphases on strategy for efficiency as far as products with positive effect 

and diminishing the negative effects of commerce through effectiveness. [5]  

Cradle to Cradle Configuration sees the not dangerous and beneficial procedures of nature’s 

‘biological metabolism’ as a model for building up a ‘technical metabolism’ stream of 

industrial resources. Product parts can be intended for incessant recuperation and reuse as 

biological and technical supplements within these metabolic rate. [5]  

Remove the notion of waste. “Waste equals food.” Design products and materials with life 

cycles that are not dangerous for human wellness and the earth and that can be reutilized 

continually through biological and technical metabolic rate. Generate and contribute in 

schemes to gather and recuperate the cost of these materials after their usage. [5] 

Power with renewable energy. “Use current solar income.” Capitalize on the usage of 

renewable energy. Regard human & natural frameworks. “Celebrate diversity.” Control water 

utilization to maximize quality, encourage healthy ecosystems and regard resident impacts. 

Guide activities and stakeholder relations utilizing social responsibility. 

2.2.2 Performance economy 

Performance economy is “the vision of an economy in loops (or circular economy) and its 

impact on job creation, economic competitiveness, resource savings, and waste prevention. It 

seeks four key aims: product-life extension, long-life goods, reconditioning activities, and 

waste prevention. It additionally demands the significance of selling services rather than 

products, a concept raised to as the ‘functional service economy’, presently more commonly 

considered into the concept of ‘performance economy’. Some argues that the circular economy 
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should be considered a framework: as a generic notion, the circular economy draws on several 

more specific approaches that gravitate around a set of basic principles. [5]  

2.2.3 Biomimicry 

This approach can be defined as ‘a new discipline that studies nature’s best ideas and then 

imitates these designs and processes to solve human problems’. According to this approach, 

innovation can be inspired by nature. Biomimicry depends on three main standards: 

Nature as model: Understand nature’s models and imitate these “forms, process, systems, and 

strategies” to resolve human problems. 

Nature as measure: Utilize an environmental norm to evaluate the supportability of our 

inventions. 

Nature as mentor: View and value nature not based on what we can extract from the natural 

world, but what we can learn from it. [5]  

2.2.4 Industrial Ecology 

“Industrial ecology is the study of material and energy flows through industrial systems”. 

Concentrating on association between operators within the ‘industrial ecosystem’, this 

approach targets the conception of closed-loop processes in which waste functions as an input, 

hence eradicating the concept of an unwanted by-product. Industrial ecology assumes a 

systemic point of view, planning production procedures in harmony with local environmenta l 

limitations at the same time as considering at their worldwide effect from the beginning, and 

endeavoring to form them so they achieve as close to living frameworks as conceivable. This 

structure is sometimes stated to as the ‘science of sustainability’, given its interdisciplinary 

nature, and its standards can similarly be connected in the services sector. With an accentuation 

on natural capital restoration, industrial ecology also emphases on social welfare. [5]  

2.2.5 Natural Capitalism 

“Natural capital" denotes to the world’s supplies of natural assets including soil, air, water and 

all living things. It can be described as a “global economy in which business and environmenta l 

interests overlap, recognizing the interdependencies that exist between the production and use 

of human-made capital and flows of natural capital”. The subsequent four standards support 

natural capitalism: 

Profoundly rise the productivity of natural resources - Through fundamental modifications to 

structure, production and technology, natural resources can be made to last any longer than 
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they as of now do. The subsequent reserve fund in cost, capital investment and time will help 

to execute the other principles. [5]  

Move to biologically influenced production models and materials - Natural capitalism pursues 

to eradicate the notion of waste by displaying closed-loop production systems on nature’s 

designs where every output is either returned innocuously to the environment as a supplement, 

or turns into a contribution for another assembling procedure. [5]  

Shift to a “service-and- flow” business model - Providing an incentive as a constant stream of 

services as opposed to the conventional sale-of-goods model display adjusts the interests of 

suppliers and clients such that rewards asset efficiency. [5]  

Reinvest in natural capital - As human needs grow and weights on natural capital mount, the 

need to reestablish and recover natural resources rises. [5]  

2.2.6 Blue Economy 

Blue Economy is an open-source movement conveying organized tangible case studies, at first 

amassed in an eponymous report handed over to the Club of Rome. As the official manifesto 

states, “using the resources available in cascading systems, (…) the waste of one product 

becomes the input to create a new cash flow”. Centered on 21 establishing standards, the Blue 

Economy emphasize on resolutions being “determined by their local environment and 

physical/ecological characteristics”, putting the importance on gravity as the main source of 

energy. The report, which bends over as the development's statement, depicts “100 innovations 

that can make 100 million jobs within the next 10 years”, and gives numerous instances of 

winning South-South community oriented tasks—another unique element of this methodolo gy 

goal on advancing its hands-on core interest. [5]  

2.2.7 Regenerative Design 

It started in the US as creative ideas on regenerative design that could be connected to all 

contexts, i.e., beyond agriculture, for which the notion of regeneration had just been defined 

before. Debatably, he established the basics of the circular economy framework, which 

remarkably developed and gained notoriety. [5]  
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2.3 Closing Loops  

By following the case of natural ecosystems, material cycles are closed in a circular economy. 

Consequently, toxic substances are removed and there is no waste, because all remaining 

streams are considered as a profitable resource. Besides, products are reprocessed after use for 

reparation and re-industrialized in order to use again the products a second, third or fourth time, 

and remaining streams are separated in a biological and technical cycle. [4]  

Numerous methods, known as R-strategies, have been established to accomplish a reduced 

amount of resource and material utilization in product chains and make the economy 

progressively circular. Several “Rlists” exist as shown below: 

 

Figure 1: Circular economy strategies in line of production by importance  

From Figure 1, we can notice that all R-records take after one another and contrast essentially 

in the quantity of circularity techniques they set forward. They ordinarily present a scope of 

techniques requested from high circularity (low R-number) to low circularity (high Rnumber). 
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R0  and R1 methodologies decline the utilization of regular assets and materials connected in an 

item chain by less item being required for conveying an equivalent capacity. In this way, R0 

and R1 are commonly additionally thought about circularity systems, despite the fact that they 

don’t really include expanding the reuse of items and parts, or reapplication of reused materials. 

[6]  

The Figure below shows the points in a product chain where different circularity strategies are 

relevant, and the chain actors who play a role in those strategies.  

   

  

Figure 2: Circular strategies and the line of production  

3. RENEWABLE ENERGY IN MOROCCO  

3.1 Potential of Renewable Energy in Morocco  

The energy objective targets a rise of the portion of renewable energy to 42%. The New Energy 

Road map supported this objective of 52% RE in 2030, of which 12% is hydro, 20% is solar, 

and 20% is wind generation, as shown in the figure below:  
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Figure 6 Moroccan Energy mix 2020-2030 according to the prevision of the Haut Commissariat au Plan 

The nation has an enormous potential for RE. The wind potential alone is assessed at more 

than 25,000 MW, of which 6000 MW is estimated to be realized by year 2030 in provinces 

with an average 9 m/s of wind speed. With an annual illumination averaging 3000 h, which is 

corresponding to an irradiation density of nearly 5.3 KWh/m2 per day, Morocco is 

appropriately suited for building large-scale solar energy power. Previously, hydro-electr ic 

power has been an essential portion of the Moroccan energy system, with the “insta lled 

capacity” attainment of 1770 MW. Capacity is estimated to increase to 3100 MW by 2030. 

Nonetheless, as hydro resources are limited, the kingdom has propelled two projects to 

enhance solar and wind energy ventures:   

• “The Moroccan Solar Plan (Noor) aims the achieve 2000 MW installed solar power 

capacity (PV and CSP) by 2020 and roughly 4800 MW by 2030 (additional 4560 MW 

from 2016 to 2030). [7]  

• The Moroccan Integrated Wind Program aims to achieve 2000 MW installed wind 

power capacity by 2020 and up to 5000 MW by 2030 (additional 4200 MW from  

2016 to 2030).” [7]  

3.1.1 Moroccan energy policy  

Moroccan energy policy in the context of sustainable development include several laws and 

initiative. The main laws that govern the field of renewable energy in Morocco are:  
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3.1.2 Law No. 13-09 on renewable energies of 11 February 2010   

Moroccan law on renewable energy opens up this domain to competition by permitting public 

or private individuals produce electrical energy from renewable sources. [8]  

3.1.3 Law No. 47-09 on energy efficiency of 17 November 2011   

This law plans to build energy efficiency in the utilization of energy sources, maintain a good 

management and decreasing volume of waste, lessen the weight of energy cost on the nationa l 

economy and add to supportable advancement. It likewise will in general incorporate to an 

economical way the procedures of energy proficiency in all sectoral advancement programs, to 

urge mechanical organizations to support their vitality utilization, to sum up energy audit, to 

apply codes of energy productivity explicit to various domains, to advance the improvement of 

sun powered water warmers, to sum up the utilization of low utilization lights and adjusted 

types of tools to the level of national lighting. [8]  

3.1.4 Law No. 57-09: formation of the Moroccan solar energy agency 

“MASEN”  

The formation of the company “MASEN” permits to accompany the execution of the huge 

joined Moroccan project of the solar energy launched by HIS MAJESTY THE KING 

Mohammed VI, on November 2, 2009. This project that targets to establish by 2020 an 

electricity production capacity from solar energy with a total capacity of 2,000 MW in Morocco 

as a reference player in solar energy on a global scale. [9]  

The bill permits the agency to guarantee the controlling of the application of the program by 

commission all the technical, economic and financial studies required for the application of the 

program for the execution of the ventures that will be nominated from investors in order to their 

growth. [10]  

3.1.5 Law No. 37-16: “MASEN” becomes Morocco’s Sustainable Energy 

Agency (MASEN).  

The Moroccan solar energy agency “MASEN” becomes Morocco’s Sustainable Energy Agency 

(MASEN) the dominant and combined actor of renewable energy in Morocco. 

“The law redefining the prerogatives of Masen, which was passed by Parliament on August 2, 

2016, announces a deep reconfiguration of the sector, considered strategic by Morocco, which 

is preparing the next international climate conference (COP22) from 7 to November 18, 2016, 
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“the agency said in a statement. In order to express its new ambitions, the Agency has adopted 

“a new and powerful identity that carries the symbols of its mission”. [11]  

3.2  Challenges  

 Morocco is confronting real problems regarding its future energy market activity. In particular, 

the nation is gone up against the rising power consumption, which thus will prompt higher non-

renewable energy source import reliance and carbon discharges. Perceiving these difficult ies, 

Morocco has set determined focuses for the placement of sustainable power hotspots for 

electricity generation. [12]  

Despite its growing popularity amongst, politicians, businesses and academics, the concept of 

circular economy and its underlying principles are not without critics and challenges. The main 

arguments of its detractors and details challenges faced by the concept: its achievability and 

desirability, its weakness to include the social dimension, its lack of strategic guidelines and 

standardization [13]. Moreover, for circular economy concepts to be applied, there are several 

barriers which must be overcome.  Legislative, technological and logistical issues pose future 

challenges for implementation, and a linear economy inertia must be overcome. As best 

practice is established in developed countries, frameworks are established to be transferred to 

developing countries. [14]  

4. TRANSITION TO CIRCULAR ECONOMY    

CE is fascinating to industrial organization as it grasps the basic combination of supportability 

issues and business advancement, a criticality originating from the way that we have expanded 

our asset utilization over our cutoff points with various negative impressions. [15] In any case, 

CE is just infrequently and fragmentally connected practically speaking. The writing is so far 

for the most part reasonable or hypothetical, and, albeit important obstructions are recognized 

in research, they are once in a while exactly based. As CE from our comprehension (and that 

of others) will require problematic changes and radical advancement, the advances towards CE 

requires to be found in connection to the capacities of overseeing troublesome behavior and 

radical development in industry. The present paper has therefore recognized obstructions in 

industry and broke down them in connection to the hypothesis of advancement the board. We 

can reason that hindrances are the equivalent or like the boundaries in the writing: money 

related, auxiliary, operational, attitudinal and innovative. The recognized hindrances are 



14 

halfway like boundaries for coordinating supportability issues all in all, in any case, they 

uncover much increasingly serious troubles as the business point of view should be 

incorporated, taking manageability issues to a basic vital dimension. We can likewise presume 

that, so as to change towards CE, to deal with that adjustment in organizat ions, something 

moving toward an ability of overseeing for radical developments is required and various mix 

hindrances must be managed, for example coordination between:  

points of view on supportability and business improvement; viewpoints on items, 

administrations and frameworks; distinctive useful spaces (capacities/offices); diverse 

progressive dimensions; on-screen characters along the esteem chain from crude material 

providers to end clients. [15]  

Moreover, the circular economy has been characterized as a modern framework that is remedial 

or regenerative by expectation and plan, which standards are three: save and upgrade regular 

capital, advance asset yields and encourage framework adequacy. The round economy brings 

the possibility of reclamation and circularity so as to supplant the customary idea of end-of-

life, moving towards the utilization of sustainable power source, taking out the utilization of 

harmful synthetic compounds, and goes for the end of waste through the unrivaled structure of 

material, items, frameworks and plans of action. In plan of action writing, round economy has 

been as of late risen, proposing attainable approaches to business advancement connected to 

maintainability concerns. This is an endeavor to change the item arranged plans of action - in 

which firms have the impetus to expand the quantity of items sold - to an administration situated 

plan of action in which open Circular Perspectives on firms’ profit by the administrat ion 

offered. With this change, firms will have a motivation to draw out the administration life of 

items, to guarantee they are utilized as seriously as could be expected under the circumstances, 

to make them as expense and material-proficiently as could be allowed, and to re-use parts 

beyond what many would consider possible after the finish of the product’s life. [16]  

The actual linear socio-economic system is categorized by “the destruction of the product at 

the end of its service life and that it is one of the main causes of severe depletion of natural 

resources. The circular economy is based on the principles of a new resource efficient economic 

model as opposed to a linear one, and it is ultimately a restorative circular economy.” [17]  
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5. STEEPLE ANALYSIS 

Circular economy represents an occasion for Morocco in term of numerous aspects, as 

mentioned below: 

Table 1: Steeple Analysis 

SOCIO-CULTURAL 

 The government and the population of the kingdom a more willing to make effort to 

reduce pollution by decreasing their production of greenhouse gases   
 Circular economy represents an opportunity for region with low economic 

development as their infrastructure has to be developed.  

TECHNOLOGICAL  

 Breakthrough in the domain of sustainable and renewable energies represent a chance 

to reduce pollution and waste production.  

ECONOMIC  

 Decrease unemployment via the creation of new business project. 

 Production of cheaper and less pollutant product. 

ECOLOGICAL  

 Decrease of Greenhouse gases emissions and waste volume  

POLITICAL  

 The Government of Morocco is utilizing circular economy approaches to decrease its 

carbon footprint. [18] 

LEGAL  

      Set of laws have been voted to improve the capacity of the Kingdom in the domain of 
Sustainable energies and activities  

 Law No. 13-09 on renewable energies  
 Law No. 47-09 on energy efficiency  
 Law No. 57-09 bearing the establishment of the company «Moroccan Agency for Solar 

Energy. »  
 Law No. 37-16: The Moroccan solar energy agency “MASEN” becomes Morocco’s 

Sustainable Energy Agency (MASEN).  

ETHICAL  

 Conservation of the environment and ensure a livable future for the next generation  
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6. CASE STUDY: 

The case study will be about conducting a feasibility study for the company OCP, the case 

studied can be summarized as finding all the possible alternatives of optimization of 

phosphogypsum the main byproduct of the production of fertilizer from phosphate and 

analyzing the best options according to the findings. 

6.1 Feasibility Study 

6.1.1 Executive Summary 

This section will about the company that will use and implement circular economy strategy 

(Industrial Ecology) and an overview about the possible alternative. 

6.1.1.1 OCP (previously the Office chérifien des phosphates) 

OCP is the Worldwide leader of phosphate products, and an important player on the global 

market. Existent alongside the entire supply chain, OCP mines, charges and commercializes 

phosphate and phosphate products, in particular phosphoric acid and fertilizers. OCP is the first 

global producer and exporter of phosphate rock and phosphoric acid. It is additionally one of 

the main fertilizer manufacturers in the globe [19].  OCP is a group integrating activities in all 

the chain in the domain of fertilizers as showed in the figures below. 

 

Figure 7: An integrated group throughout the value chain 
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Figure 8: A unique position in the industry thanks to a significant presence in the three segments of the value chain 

6.1.1.2 OCP presence in Morocco  

OCP Group’s mining activities are focused in three areas of Morocco, located in 4 mining sites 

in Khouribga (Sidi Daoui, Merah El Ahrach, Sidi Chennane and Béni Amir), 3 in Gantour 

(Benguérir, Bouchane and M’Zinda) and 1 in Boucraâ. Treating activities of phosphate into 

phosphoric acid and phosphate fertilizers are essentially concentrated in Jorf Lasfar and Safi 

sites. A key venture related to the industrial development of Phosboucraâ has additionally been 

deployed on the 2014-2020 period, targeting at consolidating the industrial activities of the 

Boucraâ site, varying the product portfolio, developing the regional ecosystem and building up 

to the socio-economic development of the Southern regions of Morocco: Guelmim - Oued 

Noun, Laâyoune - Sakia El Hamra et Dakhla - Oued Ed-Dahab [19]. In other words, OCP has 

activities in three main area as shown below. 

 

Figure 9 OCP activities in Morocco 
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6.1.1.3 OCP presence in the global scale 

With further than 160 clients through the 5 continents, OCP Group further reinforces its position 

on finished products while strengthening its presence, especially in Africa, North America and 

Latin America. The industrial flexibility and the commercial agility of the Group are echoed in 

its product portfolio and gradually diversified regions as shown in the figure below. [19] 

  

 

Figure 10: OCP presence in the world 

6.1.1.4 Strategy to optimize phospho-gypsum 

 

Figure 11 Elaborated strategy to a durable management of phosphogypsum 
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From the figure we can comprehend all the existing strategies to managne Phosphogypse the 

main by-product of phosphate production.  

 

Figure 12 Main strategies used Globally 

From the figure we can notice that the main strategy used by Morocco is to reject Phosphogypse 

in the sea, which represent a environmental risk.  

6.1.2 Operational Feasibility 

In this section, all the possible application to satisfy the conditions and requirements of a 

circular economy strategy.  

6.1.2.1 Gypsum and Circular Economy: 

6.1.2.1.1 Application of gypsum as construction material 

Gypsum has an extensive range of uses. Gypsum board is mainly utilized as a completion for 

walls and ceilings, and is referred in construction as drywall or plasterboard. Gypsum is 

likewise an element of surgical splints, casting molds and modeling, using the property of 

coagulation.  

Gypsum board, well-known as drywall, plasterboard or wallboard, is utilized to frame panels 

composed of gypsum plaster pressed between two thick sheets of paper. [20] 

Gypsum board is utilized as dividers and linings of walls, ceilings, roofs and floors. It has 

numerous characteristics that make it a beneficial construction material. Its main properties 

(Euro gypsum) are portrayed as follows. 

Gypsum board is utilized as inner wall surface to simplify the installation. It is permeable, soft 

and lightweight, and can be cut by a utility knife and nailed to a structure. Gypsum offers fire 
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protection. Gypsum per se, made of CaSO4 and crystal water, is a non-combustible substance. 

Additionally, crystal water is additionally fire-resistant. While gypsum board is unprotected to 

heat or fire, the water is vaporized, delaying heat transfer. Gypsum also equilibrates humid ity 

and heat peaks. Gypsum board is able of storing humidity when a room is humid and 

automatically discharging humidity if the indoor air is excessively dry. It can react as a thermal 

insulator thanks to its low thermal conductivity. Besides, it correspondingly has ‘heat-storing’ 

capacities. Small temperature rises are absorbed and radiated back later while the temperature 

in the room declines. [20]  

6.1.2.1.2 Gypsum-an impact on soil quality 

Gypsum is utilized for soil improvement in the form of fertilizer and soil conditio ner. Gypsum 

is habitually utilized as a feature of a technique to address compacted soil or soil with huge 

amounts of clay. It is also utilized to counteract disproportionate saline levels in soil and has 

the additional advantage of not impacting the pH of soil [20]. In fact, gypsum a byproduct 

from industry is one of the main sources of calcium and relatively cheaper than other 

amendments. Its effects on the flocculation of soil particles reflect in the improvements of soil 

structure and aggregation. Benefits of gypsum in soil physical properties, include increased 

infiltration, increased soil aggregation, decreased Na adsorption, improved or increased root 

development and decreased soil compaction. Gypsum contains both S and Ca as secondary 

nutrients essential for crops. It is known as an excellent source of sulphur for plant nutrit ion 

and improves crop yield. Calcium is essential for most nutrients to be absorbed by plants roots. 

Divalent cation, Ca2+ plays a structural role in cell walls and cell membranes. Calcium is 

present in the apoplast, where it maintains cell and tissue viability. Thus gypsum can improve 

mineral content in vegetal tissues, such as N, P, K, Ca, Mg, S and Zn. Gypsum as source of 

Sulphur: Gypsum is a naturally occurring sulfate mineral that has been used for many years 

as a soil conditioner and ameliorant for sodic and heavy clay soils. Gypsum is a cost effective 

mineral used by the farmer not only as amendment but acts as a nutrient source of Ca (23%) 

and S (14-16%) for crop growth. Gypsum is the neutral salt of a strong acid and strong base 

and does not increase or decrease acidity. Dissolving gypsum in water or soil results in the 

following reaction:  

 CaSO4-2 H2O → Ca2++ SO4
2-+ 2 H2O  

 Gypsum adds calcium ions (Ca2+) and sulphate ions (SO42-), but does not add or take away 

hydrogen ions (H+). Therefore, it does not act as a liming or acidifying material. The Ca2+ions 

simply interact with exchange sites in soil and sulphate remains dissolved in soil water. 
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Gypsum application in sodic soils having high quantities of sodium counters the harmful effects 

of salts and helps to improve the soil physical health. Gypsum application in the soil decreases 

the soil pH, and sodium adsorption ration (SAR) as well as to supports the crop growth. Many, 

recent research has shown that utility of gypsum can be extended to acid, infertile soils as an 

ameliorant for sub soil acidity. [21]  

6.1.2.1.3 PhosphoGypsum  

Phosphate rock is treated with concentrated sulfuric acid to produce phosphoric acid, from 

which all other phosphate fertilizers are resulting. This process consumes half of the sulfur ic 

acid used in the United States, and produces on average about three tons of calcium sulfate 

(phosphogypsum, PG) per ton of phosphoric acid. In principle, PG is substitutable with gypsum 

from natural sources and could be used for similar applications. The ecological benefits are 

evident: Enough byproduct PG is generated by the phosphate industry to remove any necessity 

for gypsum mining.  In practice, nevertheless, PG is classed as a dangerous waste in the United 

States (due to its trace metal content, including thorium, uranium, and cadmium), and its 

removal is a problem for the manufacturing sector. To overcome this problematic, methods of 

purifying PG by eliminating trace metals would need to be established. Besides, methods of 

drying out the (wet) PG waste should be created. The way to realization in this situation would 

appear to be to incorporate PG production with one or more large-scale exothermic procedures, 

such as sulfuric acid production. [22]  

Phosphogypsum is a “side-product from the production of phosphoric acid by treating 

phosphate ore (apatite) with sulfuric acid according to the following reaction” [23]:  

Ca5(PO4)3X + 5 H2SO4 + 10 H2O → 3 H3PO4 + 5 (CaSO4 · 2 H2O) + HX 

where X may include OH, F, Cl, or Br   

6.1.2.1.4 Life Cycle:  

“Consecutive and interlinked stages of a product or service system, from the extraction of 

natural resources to the final disposal”. [24]  

6.1.2.1.5 LCA, LCI, LCIA: What’s the Difference? 

Life cycle assessment (LCA) is a multi-step system for asserting the lifetime environmenta l 

impact of a product or service. The complete process of LCA comprises “goal and scope 

definition, inventory analysis, impact assessment, and interpretation”. The process is normally 

iterative as the “quality and completeness of information and its plausibility is constantly being 

tested”. 
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LCI is the life cycle inventory, which is “the data collection portion of LCA”. LCI is the 

straight- forward bookkeeping of everything associated with the “system” of interest. It 

comprises of “detailed tracking of all the flows in and out of the product system, includ ing 

raw resources or materials, energy by type, water, and emissions to air, water and land by 

specific substance.” This type of analysis can be really complex and may include “dozens of 

individual unit processes in a supply chain” (e.g., the extraction of raw resources, various 

primary and secondary production processes, transportation, etc.) just as “hundreds of tracked 

substances.” [25]  

LCIA is life cycle impact assessment, the “what does it mean” step. In LCIA,” the invento ry 

is analyzed for environmental impact.” For instance, producing a product may consume an 

identified capacity of natural gas (this data is part of the inventory); in the LCIA phase, “the 

global warming impact from combustion of that fuel is calculated”. There are numerous 

methods internationally for classifying and describing the life cycle impact of the flows to and 

from the environment, which can fairly confuse the comparability of dissimilar LCA studies. 

Other variables in LCIA comprise “the system boundary (how far upstream, downstream and 

side stream does the analysis go), the functional unit (what is the volume/mass/purpose of the 

object being assessed), and specific LCIA methods such as allocation (how are impacts 

assigned to the product and by-products, on what basis)”. While comparing two LCA studies, 

these aspects are crucial to comprehending if the comparison is apples-to-apples. [25]  

6.1.2.1.6 OpenLCA (Software) 

 OpenLCA is “an open source and free software for Sustainability and Life Cycle Assessment”, 

with the subsequent features: 

 Quick and consistent calculation of your Sustainability Assessment and/or Life Cycle 

Assessment 

 Very comprehensive understandings into calculation and analysis results; recognize core 

aspects throughout “the life cycle, by process, flow or impact category, visualize results and 

locate them on a map” 

 Best in class import and export capabilities; simple to share your models 

 Life Cycle Costing and social assessment efficiently combined in the life cycle model 

 User-friendly; user interface in several languages; innovative and effective  

source and associative feature  
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 Incessant development and application of new features [26]  

Below we can see the interface of the program OpenLCA: 

 

Figure 13: Interface of The Software 

6.1.3 Technical Feasibility 

In this section, the applications stated before will be analysed further in term of technology 

available and technical viability.  

6.1.3.1 Management of Phosphogypsum 
The production of phosphoric acid from natural phosphate rock by the wet process gives rise to 

an industrial by-product called phosphogypsum (PG). “Around 5 tons of PG are produced per 

one ton of phosphoric acid production, and globally PG production is assessed to be around 200 

Mt per year”. This by-product is typically disposed of without any treatment, more often by 

discarding in large stockpiles. These are commonly situated in coastal areas near to phosphoric 

acid plants, where they occupy huge land zones and cause grave ecological problems PG is 

principally made out of gypsum yet in addition contains a high level of polluting influences, for 

instance,” phosphates, fluorides and sulfates, naturally occurring radionuclides, heavy metals, 

and other trace elements”. All of this signifies a negative ecological effect and numerous 

confinements on PG applications. More than 15% of world PG production is utilized to make 

“building materials, as a soil amendment and as a set controller in the manufacture of Portland 

cement; uses that have been banned in most countries”. [27] In the figure below, we can 

comprehend to two type of process used to transform Phosphate Rock. 
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Figure 14: Diagram of the processes of transformation of Phosphate Rock  

6.1.3.2 Phosphogypsum Disposal 

The quantity of phosphogypsum formed by the fertilizer industry on a global basis is in the 

order of 100 Mt per year. Such huge amount of phosphogypsum create a main disposal problem. 

Disposal options for this waste are “either discharging it into the sea, backfilling it into mined-

out open pits, or stacking it in large heaps”. [28] In Morocco alone, phosphogypsum is generated 

at a rate of 30 m2 per second, and phosphate mining operations have produced 22.7 Mt rejected 

to the sea each year. [29]   

6.1.3.3 Recycling 

Considerable effort has been put into discovering alternative utilizations for phosphogypsum. 

These conceivable utilizations necessitate either reprocessing like “for the production of sulfur 

or pure calcium sulfate” or minimal/nil reprocessing for large-scale uses like “in agriculture, 

mine and landfill reclamation, earthworks and construction”. Reprocessing targets to extricate 

“pure elements or pure calcium sulfate solids”. For instance, sulfur can be acquired for sulfur ic 

acid production, and calcium sulfate can be extricated for building materials like “gypsum 

plaster, boards, tiles, cement, hydraulic binder, mineralizer, artificial marble, fibre boards, glass, 

glass-ceramics”. Some phosphate rocks comprise “elevated uranium, yttrium, and/or rare earth 

element concentrations, and their extraction is possible”. In any case, the recuperation of pure 

components or pure calcium sulfate from phosphogypsum isn't financially viable at this period. 
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Phosphogypsum has compared to mined natural gypsum which is mined has a considerably 

higher purity. Furthermore, the utilization of phosphogypsum as “raw material for building 

purposes can be limited due to residual phosphate, high water content, fine particle size, and 

inconsistent composition”. Although these features hinder the utilization of phosphogypsum in 

building products, it has been discovered that compacted phosphogypsum can frame a high 

quality material for roadbeds, making it a “suitable road base material”. [28]  

6.1.3.4 Environmental impact  

PG management a standout amongst the most major issues as of now confronting the phosphate 

business. Just 15% of global production is reused, while 85% is stored in the nearby of factories 

in coastal regions. The storage of PG without any preceding treatment necessitates huge land 

zones and can cause severe “environmental contamination of soils, water and the atmosphere”. 

Negative atmospheric effects can be provoked by the erosion of PG heaps and the release of 

extremely polluting elements, because of the presence of perilous vapors comprising “heavy 

metals, sulphates, fluorosilicates, hydrogen fluorides and phosphorus, cadmium and 226Ra”. 

Atmospheric agents can transport the contamination to adjacent zones. [30]  

6.1.4 Economic Feasibility 

Phosphogypsum for road construction is according to the findings a cost effective alternative. 

In order to assess Economic Feasibility of using Phosphogypsum for road construction, I 

computed NPV, Payback Period, Total cost and Approximated Revenue of a hypothetica l 

project. I utilized for guidance the feasibility study of constructed road from the sources [31]  

and [32]. For the construction of the road OCP will team up with FNBTP or a private company 

of road construction.  

6.1.4.1 Cost to develop 

6.1.4.1.1 General Information: 

 

Table 2: General information 

Project duration (days) 600 

Dimension (T/W/L) 0.25m/9.15m/30km 

Expense per hour of 
utilization of bulldozers 

(dh/hr) 
200 

Distance constructed (km) 30 

 



26 

6.1.4.1.2 Workforce Cost 

Table 3: Workforce cost 

Workforce Number 
of 

employee 

Individual 
salary per 

hour 

Salaries per 
hour 

Individual 
salary per day 

(8h) 

Per day (8h) Overall 
Salaries for 

the project 

Engineer(s) 4 75 300 600 2400 1440000 

Project 
Manager 2 50 

100 400 800 160000 

Technician(s) 10 30 300 240 2400 1440000 

Laborer(s) 40 20 800 160 6400 3840000 

 Total  1500  12000 7200000 

The salary was retrieved from the source. [33]  

6.1.4.1.3 Equipment Cost 

Table 4: Equipment Cost 

Equipment Name Model Purchased Price Hours/day Cost of 

Utilization 

Steel Wheel Road Roller XS203 570,000 8 960000 

Rubber Tire Roller XP303S 308750 8 320000 

   Total 1280000 

The two models were found from the source [34] are shown in the figures below: 

 

Figure 14: Steel Wheel Road Roller XS203 
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Figure 15: Rubber Tire Roller XP303S 

6.1.4.1.4 Material Utilized 

Table 5: Material Utilized 

 Material Cost per ton Quantity 

(ton/km) 

Overall Cost Overall Cost 

Alternative 1 Phosphogypsum 
+ (clay/sand) 

123.5 1887.6 233118.6 6993558 

Alternative 2 Tout-venant 

(Toufna)  

222.8 5720 1274416 38232480 

 

For alternative 1, I anticipated that phosphogypsum is free and therefore 3832.4 ton is not 

included in the calculation. The mix of Phosphogypsum + (clay/sand) utilized has a ratio of 2:1. 

Below there is figures of the two materials used for the alternatives: 

 

Figure 16: Phosphogypsum disposal 
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Figure 17: PIT RUN (TOUFNA) 

6.1.4.2 Total Cost and Revenue 

Alternative 1: 

Table 6: Total Approximated Revenue 

 Cost for the road Cost per km  

Material Cost 6993558 233118.6  

Energy Cost 64676 2155.866667  

Workforce cost 7200000 240000  

Cost of 
Bulldozers 
Utilization 

1280000 42666.66667 Average 
Cost per 
km 

Total cost  16,416,984 517941.1333 1719000 

 

Table 7: Total Approximated Revenue 

Revenue per car (dh) 6 

Traffic expected ( car per day) 4561 

Annual Revenue 6841500 
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Revenue per car and Traffic expected were approximated from the source [35]. 

  

Figure 18: Graph of the Cost for Alternative 1 

From the graph, we can notice that the main cost for the construction of the road i the Workforce 

Cost and not the Material Cost as usual. This difference can be explained by the fact that the 

phosphogypsum will be free for OCP 

Alternative 2: 

Table 8: Total Cost (Alternative 2) 

 Cost for the road Cost per km  

Material Cost 38232480 1274416  

Energy Cost 64676 2155.866667  

Workforce cost 5920000 197333.3333  

Cost of 
Bulldozers 

Utilization 

1120000 37333.33333 Average 
Cost per 

km 

Total cost  46,215,906 1511238.533 1719000 

 

Table 9: Total Approximated Revenue(Alternative 2) 

Revenue per car (dh) 6 

Traffic expected ( car per 
day) 

4561 

Annual Revenue  6841500 
 

Revenue per car and traffic expected were approximated from the source. [35] 
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Figure 18: Graph of the Cost for Alternative 1 

From the graph, we can notice that the main cost for the construction of the road is the Material 

Cost as usual. This cost is significantly higher than the one for the alternative 1 as the main 

material is not free. 

6.1.4.3 Payback Period 

The Payback Period is utilized to demonstrate the period required by a business to regain its 

investment. This kind of analysis enable companies to make an assessment of alternative 

investment opportunities and select a project that has the shortest time to return on investment, 

if that conditions is significant to these companies. [36]  

 

Equation 3: Payback Period Formula 
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Table 10: Payback Period (Alternative 1) 

 

Table 11: Payback Period (Alternative 2) 

 

Note: The payback period is higher for alternative 2 (7 years) compared to the payback period 

for alternative 1 (3 years). 

6.1.4.4 Net Present Value 

Net Present Value (NPV) is” the value of all future cash flows (positive and negative) over the 

entire life of an investment discounted to the present.” NPV analysis is a method of core 

valuation and is utilized widely in finance and accounting for predicting the value of “a 

business, investment security, capital project, new venture, cost reduction program, and 

anything that involves cash flow.” [37]  

Equation 4: NPV formula 

 

Table 12: NPV of Alternative 1 

NPV FUNCTION     

Discount rate 0.03    

Time Periods 1 2 3 4 

Cash Flows -16,503,453 6841500 6841500 6841500 

NPV $2,765,525.81     

 

 Note: NPV>0 at period 4 

https://corporatefinanceinstitute.com/resources/knowledge/accounting/statement-of-cash-flows/
https://corporatefinanceinstitute.com/resources/knowledge/finance/corporate-finance-industry/
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Table 13: NPV of Alternative 2 

NPV 
FUNCTION                   

Discount 

rate 0.03                 

Time 
Periods 1 2 3 4 5 6 7 8 9 

Cash Flows -46,215,906 6841500 6841500 6841500 6841500 6841500 6841500 6841500 6841500 

NPV $1,756,619.53                  

   

Note: NPV>0 at period 9 

6.1.5 Ecological Impact 

Alternative 1  

 

 

Figure 20: Inventory Results (Alternative 1) 
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Figure 21: LCIA Results (Alternative 1) 

 

Figure 22: Process Results (Alternative 1) 

Alternative 2 

The data were found from the source [38], which allows to perform the LCIA analysis as 

shown in the figures below: 
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Figure 23: Inventory Results (Alternative 2) 

 

 

 

Figure 24: LCIA Results (Alternative 2) 
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Figure 25: Process Results (Alternative 2) 

From the result, we can notice that using Tout-Venant (Toufna) for road construction impacts 

slightly the climate and while Phosphogypsum for road construction that not have any impact 

on climate. 

6.2  Results 

6.2.1 Summary 

In terms of road construction, it seems that the utilization of phosphogypsum as a supplement 

to clay can represent an advantage environmentally and generate financial benefit. In fact, the 

alternative 1 (using phosphogypsum) has a NPV positive in less period and Payback smaller 

than the alternative 2 (using only Pit-run/Toufna) beside its positive impact in other domain like 

improving soil quality or in construction as previously described in the Operating and Technica l 

part. 

The distance projected was small (30 km) in order to simplify the calculation. But the distance 

projected can be increased. In fact, The Kingdom of Morocco is planning investments of around 

23 billion euros in road construction up to 2035. Altogether 5,500 kilometers of new highways 

and expressways are to be constructed with investment totaling 8.8 billion euros. Of this, 2.8 

billion euros will flow into the construction of new rural roads, whilst 11.4 billion euros are 

earmarked for the development and maintenance of the existing road infrastructure [39]. So, the 
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road industry in Morocco can represent a possible window to utilization of Phosphogypsum. To 

be profitable, phosphogypsum should be sold around 123.5 dh for one ton and with a production 

of 22.7 million of phosphogypsum each year. The possible market of phosphogypsum can be 

evaluated to around 700000 dh per km and can be utilized for secondary road and highway. In 

the figure below we can see a secondary road utilizing phosphogypsum as main material: 

 

Figure 26: Windy hill road in Georgia United States of America 

6.2.2 Possible improvement: 

In the development of the project, the equipment for road construction were utilizing diesel to 

function, however, diesel can be substituted by biodiesel with a slight increase of the total cost 

around 13000 dh that will not change the result gotten from the NPV and the Payback Period 

but will impact positively the environment as stated below. 

6.2.2.1 Diesel Vehicles Using Biodiesel 

Biodiesel and conventional diesel vehicles are equivalent. Though light-, medium-, and heavy-

duty diesel vehicles are not actually alternative fuel vehicles, practically all are equipped for 

running on biodiesel. Biodiesel, which is regularly utilized as a mix with oil diesel fuel, can be 

utilized in numerous diesel vehicles with no motor alteration. The most widely recognized 

biodiesel mix is B20, which ranges from 6% to 20% biodiesel mixed with oil diesel. [40]  

6.2.2.2 Biodiesel 

Biodiesel is a renewable fuel produced utilizing biomass. Biodiesel can be utilized in a similar 

equipment as diesel fuel produced using petroleum. Biodiesel are made from sources of 

https://www.eia.gov/energyexplained/index.php?page=biomass_home
https://www.eia.gov/energyexplained/index.php?page=diesel_home
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feedstock (raw material), which includes vegetable oil like Soybean oil, Canola oil and Corn 

oil and also Recycled feedstock, such as used cooking oils and yellow grease or Animal fats. 

Biodiesel is regularly blended with petroleum diesel “in ratios of 2% (referred to as B2), 5% 

(B5), or 20% (B20)”. Biodiesel can likewise be utilized as “unadulterated biodiesel (B100)”. 

Biodiesel fuels can be utilized in regular diesel engines without making any modifications to 

the engines as stated before. Biodiesel blends are also utilized as “heating oil. Biodiesel can be 

stored and transported using petroleum diesel fuel tanks and equipment.” [41]  

6.2.2.3 Types of Biofuel 

First generation biofuels are made from “sugar, starch, or vegetable oil”. They contrast from 

“second generation biofuels” in that their feedstock “(he plant or algal material from which they 

are generated) is not “sustainable/green” or, if utilized in enormous amount, would have a huge 

effect on the food supply. First generation biofuels are the “original” biofuels and represent the 

majority of biofuels presently in utilized. [42]  

Second generation biofuels are “greener” in that they are produced from sustainable feedstock. 

In this utilization, the term “sustainable” is defined by “the availability of the feedstock, the 

impact of its use on greenhouse gas emissions, its impact on biodiversity, and its impact on land 

use” (water, food supply, etc.). [42]  

6.2.2.4 Utilization of Biodiesel 

Biodiesel has been confirmed to have huge ecological advantages in terms of reducing “global 

warming impacts, reduced emissions, greater energy independence” and a positive effect on 

agriculture. [43]  

Numerous studies have assessed that the utilization of “1 kg of biodiesel leads to the reduction 

of some 3 kg of CO2”. Thus, the utilization of biodiesel results in an important decrease in 

“CO2 emission (65%-90% less than conventional diesel), particulate emissions and other 

harmful emissions”. Biodiesel is particularly low in sulphur, and has a “high lubricity and fast 

biodegradability”. These are benefits which have been established by numerous “EC 

Commission programs and tests of independent research institutes”. [43] In the figure below 

we can see the environmental impact of Biodiesel 
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Figure 27: Average Emissions Impact of Biodiesel for Heavy-duty Highway Engines  

In fact, an augmented utilization of biodiesel in Morocco represents a key step to meet its 

emission decrease objective as settled under the Kyoto agreement. Furthermore, decreasing 

pollutant emissions mitigate numerous human health problems. [43]  

In specific cases, utilized vegetable oils can be reused as a source for biodiesel production. This 

can decrease the loss of utilized oils in the environment and offers a competitive and CO² 

advantageous way of transforming a waste into transport energy. [43] Economically, Biodiesel 

is involved in creation of job in several domains as shown in the figure below. 

 

Figure 28: Sector concerned in production of Biodiesel 
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7. Conclusion 

As a developing country with a not well established heavy industrial infrastructure, Morocco 

can benefit both economically and financially from implementing circular economy strategies. 

Thanks to its potential in Renewable Energies and unexploited resources Morocco can develop 

its industrial infrastructure as demonstrated in the feasibility study via the optimization and 

valorization of phosphogypsum that comprises several alternatives. In fact, the phosphate 

industries represented mainly by OCP generate a huge quantity of phosphogypsum (around 22 

MT per year) and it is commonly stockpiled in open areas or disseminated into aquatic 

environments. It affects negatively the environment and human health. Yet phosphogypsum can 

be utilized and optimized in numerous domains like agriculture for soil amendment and 

fertilization, cement and brick manufacturing or road construction as mentioned before. The 

disposal of Phosphogypsum pose an ecological threat since PG comprises heavy metals and 

radionuclides at some levels. Through the output gotten from openLCA with had the possibility 

to comprehend the fact that the use of phosphogypsum can have a better impact to the 

environment comparing to material utilized primarily in Moroccan road construction (Tout -

venant) besides the result of the Financial Analysis that showed a clear benefit to invest on 

phosphogypsum. Nevertheless, with new technological breakthrough occurring more rapidly 

each year, the other alternatives may also be beneficial financially and constitute possible 

opportunities to be taken into consideration. 
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9. APPENDICES:  

Appendix A: Energy Consumption 

Table 14: Energy Consumption 

Energy  Speed Distance 
traveled 

(km) 

Km/gal Gal 
utilized 

Diesel 
cost 

Energy 
Cost 

Biodiesel 
cost 

Energy 
Cost 

Steel 
Wheel 

Road 
Roller 

10 
km 

2400 3 800 35.15 28120 37.05 29640 

Rubber 
Tire Roller 

13 
km 

3120 3 1040 35.15 36556 37.05 38532 
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Appendix B: Energy Consumption 

Table 15: the resultant of 1 kg of phosphogypsum [44] 
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Appendix C: Characteristic of the Model XS203 

Table 16: Characteristic of the Model XS203 
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Appendix D: Characteristic of the Model XP303S 

Table 17: Characteristic of the Model XS203 
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Appendix E: Direct Shear Test 

From a recent study, sample of phosphogypsum were “saturated and sheared at the rate of 0.25 

mm/min under different normal stress ranging from 50 kPa to 200 kPa. As shown below in the 

graph below. The shear strength parameters of phosphogypsum (angle of internal friction (ɸ) 

and cohesion (c)) were observed as 33° and 8 kN/m2 respectively. High values of shear strength 

parameters indicate its suitability for embankment construction. [45] 

 

 
Figure 29: Mohr-Coulomb strength envelope 

 

 

Figure 30: Mohr-Coulomb Failure Criterion 

 

 

 


