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ABSTRACT 

 

 
This capstone project is about three potentials for industrial electricity consumption and energy 

efficiency improvement. A company electric bill is composed of three important components: 

the power factor, the subscribed or contracted power and the load hours pricing. Improving 

these tree components will help the industry not only to save a considerable amount of its 

electricity usage  but also decrease its monthly electric bill total price. The power factor highly 

depends on the reactive power, decreasing this last will make the power factor increases and 

become close to unity. Increasing the power factor can save up to 25% of electrical usage. The 

subscribed power  is not a problem if it used properly. However, exceeding it will make an 

industrial pay a high number of penalties. Optimizing the contracted power can make an 

industry save up to 6% of the total electricity consumed per year. Last but not least is the load 

shifting, this method objective is only to reduce the total price of the electric bill and can reduce 

it up to 3% per year. 
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I. Introduction: 

 
Morocco, as a developing country, has seen a steady increase in energy demand due to 

industrialization from the early twentieth century. Over the last 25 years, demand has increased 

by an average of 6% to 7% per year. Simultaneously, a new threat has emerged in the form of 

excess energy demand, which may lead to serious electricity supply and demand problems. 

The main sector that consume considerable amount of electricity in Morocco are transport, 

residential and  industrial sector. The government of Morocco have various ongoing project for 

the next decade  and expect a remarkable growth of the industrial sector by 2030. Morocco also 

expect a higher  electricity demand in the future, especially from industries. 

The focus of this capstone project is to identify potential solution to optimize electricity 

consumption in industries and their electricity bill. 

This capstone report is divided into 4 major parts. The first one, is an overview about the overall 

situation of energy in Morocco and how it is used so far. The second part is about the utilities 

of an industry that consume the higher amounts of electricity and what are the simple action to 

do increase their energy efficiency. The third part, are mainly about the industrial electricity bill 

and its major component. The last part, is the most important one and it is about the three 

potential solutions of improving the consumption of electricity in industries. 

II. Literature review: 
 

1. Primary energy consumption in Morocco: 

 
Morocco's energy status is inextricably linked to the country's ecology. Morocco relies 

largely on imports to cover more than 90% of its energy needs due to the lack of known fossil 

fuel resources (oil, gas, or coal) [1]. Most the primary energy consumption in Morocco comes 

from oil, coil and gases. The rest, comes from gases and renewable energies sources (solar, 

wind and hydropower). 
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Figure 1: Energy consumption by source in Morocco 

 
2. Energy mix in morocco: 

 
Until today, the Moroccan energy sector has remained reliant on fossil fuels and the 

private sector. Between 2017 and 2020, fossil fuel imports accounted for almost 90% of total 

primary energy supply and 80% of electricity supply [22], with the private sector controlling 

the majority of power production (84%) [23] and nearly all energy distribution. Since 

November 2021, coal, fuel oil, diesel, electricity imports from neighboring countries, and 

some photovoltaic projects have covered more than 80% of the demand for electrical energy, 

according to the minister, who also noted that access to the international natural gas market 

will allow for the acceleration of renewable energy development as well as the promotion of a 

low-carbon industry and logistics services. As a developing country, Morocco plan to become 

independent in terms of energy import. In May 2021, Morocco's Minister of Energy, Mines, 

and Environment, Azaz Rebbah, told the Chamber of Advisors that by 2030, the country's 

energy mix will be 52 percent renewable [25]. 

3. Different sources of energy in Morocco: 
 

 Coal: 
 

Currently, the kingdom has three coal power plants, with a total capacity of about 2.5 

GW without forgetting the two additional projects, namely Safi and as announced by Minister 
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Rebbah, Jerrada, with a combined capacity of 1.7 GW. Charbonnages du Maroc Jerada operated 

a coal mine in Jerada and Hassi Blal, in the northeast of the country near the Algerian border, 

from 1936 to 2000. Of anthracite, at depths of up to 80 meters [2]. In 2020, Morocco imported 

100% of the coal it used, 99.7% for electricity production and 0.3 percent for industry [2]. 

 Oil: 
 

In 2019, petroleum products were entirely imported: 551 PJ; after deduction of 

international bunkers, gross inland consumption amounted to 528 PJ, broken down into 1.3% 

for electricity production, 49% for transport, 21% for the residential sector, 15% for industry, 

8% for agriculture, 1.3% for the tertiary sector and 4.3% for non-energy uses [2]. Until today, 

Morocco imports all of its petroleum products: in 2018, it imported 5,91 Mt of diesel, 2,59 Mt 

of GPL, 1,22 Mt of fuel, 0.67 Mt of essential oil, 0.74 Mt of kerosene, and 1,88 Mt of other 

petroleum products [2]. 

 Natural Gaz: 
 

Imported gas accounts for 91.4% of the country's gas supply, which is 91% used for 

power generation and 8% in industry [2]. Morocco holds today 0.05 trillion cubic feet (Tcf) of 

proven gas reserves. Morocco purchased Algerian gas that was delivered by this gas pipeline to 

serve two power plants, and it also benefited from transit rights related to Algerian gas passing 

through its territory on its way to the Iberian Peninsula, Spain, and Portugal. The country has 

recently lost these two parts as a result of Algeria's plan to shut down the Maghreb-Europe gas 

pipeline on November 1, 2021. Moroccan authorities needed to find an alternative to gas for 

internal usage as quickly as possible to avoid electricity supply concerns. In January 2022, 

Natural gas sources were discovered in Morocco by 2 major societies, near the city of Larache.
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 Solar energy: 
 

Morocco's average solar potential per square meter per day is 5 kilowatt hours (kwh), 

however this varies by area. Solar energy has a total installed capacity of 711 MW at the 

moment [2]. 

 Wind energy: 
 

According to Morocco's Ministry of Energy, Mines, and Sustainable Development, the country 

has the capacity to create 25,000 MW of wind power. Morocco now has 1220 MW of installed 

wind energy capacity, second only to South Africa in Africa. By 2030, ONEE wants to install 

10 GW of renewable energy capacity, including 4.5 GW of solar, 4.1 GW of wind, and 1.3 GW 

of hydropower. 

 Hydropower energy: 

 
The installed hydro resources have a combined capacity of 1,770 MW in March 2020. At 

the Abdelmoumen location in the Agadir area, ONEE has started work on a 350 MW Pumped 

Energy Transfer Station (PETS). Renewable energy sources now account for 3950 MW of total 

installed electrical capacity, or 37% of total installed electrical capacity. Morocco's National 

Energy Strategy from 2009, as well as the Paris Agreement's NDC objective, demand for a 52 

percent growth in renewable energy in its power mix by 2030 [2]. 

4. Electricity consumption in Morocco: 

 
With the implementation of the electrification initiative, electricity consumption more than 

quadrupled between 2000 and 2012 (+6.5 percent per year on average). Between 2012 and 

2017, the rate of increase was substantially slower (+2.7 percent per year), and electricity 



5  

consumption has remained relatively consistent at roughly 33 twh since then. Households 

consume the most electricity (36% in 2019), followed by industry (33%), and services 19% 

 

 

 

Figure 2: Electricity consumption in Morocco 

5. Main sectors that consume electricity in Morocco: 

 

Energy produced by the government of Morocco, is consumed by 6 economic sectors: The 

transport sector, which is the first consumer of energy in Morocco, followed by the 

Residential sector that also consumes a considerable amount of the total energy produced. 

Industrial sector comes third in terms of energy consumption, but it showing a growth in the 

last years. The other three sectors that consumes the rest of the energy, despite from the  none 

energy used, are; the commercial and public services sector, Agriculture. 
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Figure 3: Electricity consumption by sectors in Morocco 
 

 

6. Electricity demand projection: 
 

Figure 4: Projection of electricity demand in Morocco 
 

 

 

The Moroccan energy system's power demand and peak demand are predicted to grow at a rate 

of about 4% per year through 2025. Morocco, on the other hand, has set lofty goals for 

expanding the amount of solar and wind power in the country's power mix in the foreseeable 

future. The Moroccan energy system requires flexibility as the proportion of intermittent 

renewable energy sources grows. 
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7. Electricity Policies and regulations: 

 
 Law 58-15 (12 January 2016): changed Law 13-09 to allow independent producers to 

connect to the low-voltage grid and sell excess renewable energy to the ONEE. 

 Law 16-08 (October 2008): This allows industrial establishments to generate up to 50 KW 

of electricity from renewable sources. 

 Law 54-14 (August 2015): It enables national electricity self-producers to connect to the 

transmission network, allowing energy to be transported from production to consumption. 

 Law 40-19: amending Law 13-09, with the goal of resolving the challenges faced by 

independent power producers and promoting the creation of a national renewable energy 

industry. 

 Law 57-09 (February 2010): MASEN was born because of this law. It is a public firm with 

a private ownership structure. MASEN is in charge of constructing a large-scale national 

integrated solar energy project with a total capacity of 2,000 megawatts of renewable energy 

power generation. All ONEE real estate assets used for renewable energy installations were 

transferred to MASEN under Law No 38-16, apart from: 

 Pumping stations for energy transfer. 

 Facilities intended towards ensuring the national energy system's stability. 

 Law 13-09 governs renewable energy-based electricity generation systems. 

 Law 16-09: The Moroccan Agency for Energy Efficiency (AMEE) was established as a 

national agency for the promotion of renewable energies and energy efficiency, as revised 

by Law No 39-16. 

 Law 48-15: On the control of the electrical industry and the establishment of the Moroccan 

Energy Authority (ANRE), the Moroccan Energy Authority (ANRE) is given powers and 

resources. 

8. Energy efficiency strategy 

 
The Moroccan recent energy efficiency strategy consists of the following: 

 

 Institutional, legislative, and regulatory improvements linked to energy efficiency are 

being developed in conjunction with operators. 

 Creating a strategy for energy efficiency. 
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 Piloting and monitoring of programs and initiatives aimed at boosting energy efficiency in 

the most energy-intensive sectors, such as construction, manufacturing, transportation, 

street lighting, and agriculture 

 Designing a training plan for energy efficiency 

 Strengthening ties with national and international partners in order to collaborate on 

energy efficiency. 

9. Renewable energies projects in Morocco: 

 
Morocco has positioned itself as a global leader in the field of climate change. 

Renewables account for approximately two-fifths of the country's electrical capacity, certain 

fossil fuel subsidies have been phased out, and some of the world's largest renewable energy 

projects are located in the country. 

It has a large solar potential, especially in the south, with 3000 hours of sunlight per year and 

an average irradiation of more than 5 kwh/m2, as well as a wind potential of over 25,000 MW, 

with 6,000 MW at the reference locations. In addition to solar potential, Morocco has also many 

areas with an outstanding wind energy potential (see figures below). 

 

Figure 5: Solar irradiation in Morocco 
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Figure 6: Wind potential in Morocco 

9.1 Wind projects: 
 

Morocco has quite favorable wind resource patterns for wind power development, both in 

the northern part of the country near Tangier and to the west, where certain regions benefit from 

regular trade winds. Morocco represents the third-largest African market for wind energy 

behind South Africa (1053 MW) and Egypt (810 MW) [2]. 

The national office of electricity has installed the first wind farm in Koudia al Baida, with a 

capacity of 50 MW (ONE). As a public investor, this organization was instrumental in the 

development of Morocco's first wind farms. Morocco has set a goal of producing 2 gigatons of 

wind energy by 2030, as part of its objective of producing 52 percent of its power from 

renewable sources. The ten projects that have already begun or are in the process of being 

completed will total around 1 GW, accounting for more than half of the total production target. 

The table below depicts the various wind projects that have been commissioned as well as those 

that were in the planning stages between the years 2000 and 2020: 
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Project Name Capacity in MW 

Tanger1 140 

Tanger2 150 

Khallada 120 

Haouma 50 

Koudia Baida 300 

Khallada 120 

Taza1 150 

Midelt 100 

Taza2 200 

Jbel Hdid 200 

Akfenir 200 

Tarfaya 300 

Tiskrad 300 

Boujdour 100 

Laayoune 50 

Amougdoul 60 

Table 1: Wind projects in Morocco up to 2030 

 

 
9.2 Solar projects 

Morocco formed the Moroccan Agency for Solar Energy (MASEN) in 2010 to speed up 

the deployment of solar projects. The government has set a lofty aim of developing 2000 MW 

of concentrated solar power and photovoltaic plants by 2020. With 530 MW constructed in 

2019 near Ouarzazate in central Morocco, "Noor" is one of the world's most important 

concentrated solar power facilities. The first and second components of this power plant use 

transportable parabolic reflectors, while the third part uses a solar tower. In 2021, three 

comparable projects were planned for "Midelt," "Foum al ouad," and "Sebkhate Tah," with a 

combined installed capacity of 1800 MW. 
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Projects name Capacity in MW 

Ain Beni Mathar 20 

Noor I 160 

Noor II 200 

Noor III 150 

Noor IV 72 

Sebkhate Tah 500 

Foum Al-Oued 500 

Boujdour 100 

Noor Midelt 800 

Noor-Tafilalet 800 

Noor-Atlas 120 

Noor Argana 800 

Noor PV II 200 

Table 2: Solar project in Morocco up to 2030 

 

 
9.3 Hydroelectricity projects: 

 
Hydropower has long been a part of Morocco's power plant fleet, and its potential is being 

fully exploited. The building of hydroelectricity generation capacity began in the 1960s under 

King Hassan II's reign. By 2030, the objective is to raise the capacity of hydropower plants to 

3 GW. Morocco is also working on pumping technologies (pumped storage hydropower 

facilities) with a capacity of up to 6 gigawatts. 

 

Site Power (MW) 

Abdelmoumen Pumped storage 

hydrotpower plant 

2x175 

El Menzel Hydropower plant 125 

M’dez Hydropower plant 45 

Table 3: Major hydropower projects in Morocco 
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9.4 Morocco renewable energy strategy: 

 
Morocco has recently announced a new renewable energy goal. This strategy, which the 

government finalized in October 2021, proposes increasing Morocco's current clean energy 

ambitions by nearly 30 percent. While the current goal is to have 52% renewable energy in total 

installed capacity by 2030, the new roadmap suggests increasing the share of renewable energy 

in the electricity mix to 70 percent by 2040 and 80% by 2050, in terms of both energy and 

capacity [2]. Morocco's 2050 energy strategy is centered on seven goals, including the 

consolidation of sustainable development governance and the improvement of natural resource 

management and development. The strategy also aims to improve biodiversity conservation, 

promote human development, and reduce social and territorial inequalities. Morocco expects to 

reduce its reliance on traditional thermal power plants (coal, natural gas, and fuel oil) by 2050 

and to rely more on smart grid technologies for storage and demand management. During the 

same time, Morocco hopes to achieve partial decarbonization of its energy mix. 

 

 
10. Energy consumption in the industrial sector: 

 

Morocco's industrial energy use is dominated by oil and electricity. Fuel oil (petroleum 

coke) and other oil products are by far the most common source, accounting for 68 percent of 

total consumption in 2017, followed by electricity (27%), biofuels and waste (3%), and natural 

gas (2%). TFC production in the sector reached 3.8 Mtoe in 2017, down from 3.8 Mtoe in 2011- 

13. Oil consumption has been declining since 2013, as fossil fuel subsidies have been phased 

out, but it climbed again in 2017 [8]. 

 

 

Figure 7: Industrial sector energy consumption by sources 
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Figure 8: Industrial sectors energy consumption 

 

 

The non-metallic mineral industry, as well as mining and quarrying, are the two main energy 

consumers in the sector, accounting for approximately 60% of total consumption. The cement 

industry accounts for a third of overall industry consumption, mostly through the use of 

petroleum coke in clinker manufacturing. Phosphate rock mining and chemical processing 

(OCP) in Morocco accounts for more than 20% of industrial energy consumption and 50% of 

total GDP. Phosphate is processed into fertilizers and other chemical compounds as part of 

chemical production. Process industries, such as paper and pulp, food (sugar manufacturing), 

tobacco processing, textiles, and leather production, are examples of other industrial operations 

[4]. 

Even though industrial energy consumption increased by 41% from 2004 to 2015, its energy 

intensity declined by 13%. Energy consumption per unit of GDP has decreased, which can be 

attributed to either more energy-efficient industrial processes or structural changes in the 

country's sector. In Morocco, the cement sector is very energy efficient when compared to other 

countries (IEA, 2016), however sugar production and paper and pulp manufacture are still 

energy demanding, dependent on steam-based production and fossil fuels [4]. 

11. The increase of electricity demand and demand monitoring challenges: 

 
Moroccan energy demand has been steadily increasing since the early twentieth century, 

owing to industrialization. Over the last 25 years, electricity demand has increased by an 

average of 6% to 7% per year [5]. Morocco expects a significant growth in the industrial sector 

especially in textile, which will lead to a significant increase in electricity demand. To keep up 

with the growing electricity demand, Morocco’s strategy consists of building new power plants 
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but this last face has major disadvantages; First, the high cost of new power plant (an investment 

of nearly 23 billion dirhams). Second, the necessary construction time which is relatively long 

(between 2 to 5 years for hydropower plants). Third, the extension of the electricity networks 

(transmission and distribution) which require significant investment. Last but not least, the 

management of the environmental impacts of the new power plants. 

III. Industrial sector, energy efficiency potential in Morocco: 
 

1. Introduction: 
 

Electricity demand in Morocco is increasing through population increase and 

industrialization. Because of its rapid growth, the industrial sector is predicted to be responsible 

of a significant proportion of energy demand in Morocco that may lead to an excess demand. 

One of the ideal strategies to prevent this problem, is the improvement of energy efficiency in 

the industrial sector. 

The Utilities and the processes, absorb all of the energy consumed by the industry, with 1/3 

absorbed by the utilities and 2/3 by the processes. In this capstone project, our main focus will 

be the improvement and the optimization of the electricity absorbed by utilities. 

2. Energy efficiency in Industrial Utilities: 

 
The utilities are necessary for the operation of the processes and the site. The main industrial 

utilities are: Industrial lightning, Steam systems, H.V.A.C systems, Electric Motors, 

Compressed Air. 

2.1 Industrial lighting: 
 

2.1.1. What is lighting energy efficiency? 

 
Energy efficiency in the lighting facility refers to a lighting scheme's capacity to produce 

the necessary illumination level for an application while utilizing the least amount of energy 

feasible. Simply put, energy efficient lighting conserves electricity while providing enough 

light quality and quantity. To achieve energy-efficient illumination, traditional lights are 

replaced with energy-efficient bulbs such as fluorescent lamps, CFL lamps, and LED lamps. It 

also contains lighting controls such as timers, PIR and ultrasonic sensors, and other features. 
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It comprises shutting lights off automatically when they are not in use, especially during 

daytime hours. Traditional lighting uses electronic chokes instead of ballasts, and electronic 

circuitry is employed to give dimming as needed. 

2.1.2. The need for lighting energy efficiency in industries: 

 
Any facility's lighting is a requirement, and it has an influence on people's daily activities. In 

industrial contexts, this accounts for a large fraction of overall energy use. Lighting energy 

accounts for around 2-5 percent of a company's overall energy use. As a result, particularly in 

the industrial sector, it becomes an important area for energy saving. Traditional incandescent 

and high discharge bulbs must be replaced with energy efficient lamps due to their excessive 

energy consumption. Traditional lights not only use a lot of energy, but they also use a lot of 

it to create heat instead of light (for instance 90 percent of consuming energy in case of 

incandescent lamps). The quantity of energy utilized will gradually be decreased, resulting in 

cheaper power costs, thanks to the installation of energy-efficient lighting. Respectively, 

energy-efficient lighting is necessary for a variety of reasons: 

1) Reduced electricity consumption results in lower electricity bills. 

2) Saving electricity rather than wasting it in terms of losses 

3) To reduce greenhouse gas emissions caused by traditional lamps. 

4) To achieve peak load reduction 

 
2.1.3. Techniques to implement energy efficiency in lighting: 

 
The greatest and most successful approach for energy conservation is the adoption of energy 

efficient lighting technologies in the lighting sector, which allows for a full overhaul of lighting 

and control systems. 

Lighting technologies have advanced and innovated significantly, allowing for considerable 

energy savings in a number of lighting applications such as industrial lighting and so on. 

The approaches or forms of energy efficient lighting that may be employed in industries as 

energy-saving opportunities are listed below. 

2.1.3.1 Re-lamping with energy-efficient lights: 

 
Energy efficient lights may produce the same amount of lighting as regular lamps while 

saving more energy at a lower cost. Traditional incandescent lights use a lot of energy to 
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generate light, with 90% of that energy being wasted as heat, and they also use a lot of energy 

to produce light, generally 3-5 times more than the actual quantity. 

In comparison to incandescent bulbs, energy-efficient lamps alleviate these problems by 

giving significantly more benefits. The two most common forms of energy efficient light 

bulbs are CFL (compact fluorescent lamp) and LED (light emitting diode) lights. 

2.1.3.2 Compact Fluorescent lamps (CFL) 

 
CFL lights combine the energy economy of fluorescent lighting with the familiarity and 

ease of use of incandescent illumination. They fit into any ordinary incandescent bulb fixture, 

but not into conventional fluorescent fixtures with lengthy tubes. Depending on the 

manufacturer and purpose, they come in a range of designs, colors, and sizes. In comparison 

to incandescent lights, CFL consume 75% less energy and emit 75% less heat to produce the 

same amount of lighting. They last 10 to 15 times longer than incandescent bulbs and cost 10 

to 20 times more. 

 

 

 

Figure 9: Schematic of a CFL lamp 
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Minimum Light 

Output (Lumens) 

Incandescent Bulb CFL (Watts) 

450 40 9-13 

800 60 13-15 

1100 75 18-25 

1600 100 23-30 

2600 150 30-52 

 

Table 4: Types of CFL lamps 

 
These come in a range of light hues, such as warm white and soft white, cold white and dazzling 

white, and so on, depending on the purpose. A range of CFL light colors for certain applications 

are shown in the table below. 

 

Type Purpose Temperature 

Warm white and soft white Standard replacement of 

incandescent bulb 

2700-3000K 

Cool white and bright white Good for kitchen and work 

spaces 

3500-4100K 

Natural or daylight Reading 5000-6500K 

 
Table 5: Variety of CFL lamps, depending on their application 

 
2.1.3.3 Using Light Emitting Diodes (LED) 

 
LEDs are solid-state semiconductor devices that consume less energy than fluorescent 

lights. They emit less heat and give superior illumination over any other bulb. LEDs were first 

employed in electrical circuits as single-bulb indicators. 

Later, a group of LEDs is grouped to form miniature lamps in battery-powered devices such as 

charging lights, flashlights, and other similar devices. LED bulbs are now available in a number 

of new bulb designs that are bright enough to replace incandescent bulbs. LED bulbs consume 

75% less energy than typical incandescent lights and 50% less energy than compact fluorescent 

bulbs. They can live up to four times longer than CFLs and 8-25 times longer than incandescent 

bulbs. These, however, are more costly. 
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Features LED CFL Incandescent Halogen 

Light Bulb 

Comparison 

   
 

Rated avg. Life 50,000 10,000 750-1000 2,000 

Life span Vastly Longer Long Low Medium 

Watts 6-18 3-120 3-500 5-500 

Cost to operate Lowest Low High Medium 

Energy 

Consumption 

Lowest Low Medium Medium 

Lumens per Watt 45-75 60 15 25 

Color Temp. (K) 2700-5000 2700-6500 2700 3000 

Table 6: Comparison of LED, CFL, Incandescent and Halogen Lamps: 

 
2.1.3.4 Lightning control 

 
A variety of sensors may be used to regulate lighting, allowing lamps to be switched on 

and off as needed. These sensors detect the presence of persons, motion, time, or occupancy, 

and turn the lighting on and off accordingly. Infrared sensors, automated timers, motion sensors 

(PIR and ultrasonic sensors), and dimmers are examples of these controllers. 

Photosensors track daylight conditions and give signals to the main controller, which 

automatically turns the lights on and off at dawn and dark. Street lights and outdoor lighting 

both employ this form of lighting management. 

The SCADA (supervisory control and data acquisition) system is a common centralized control 

system that allows for remote management of street light functioning from a central location. 

2.1.3.5 Replacing of existing features and Ballasts 

 
Energy savings, longevity, and dependability are all improved by replacing inefficient 

accessories with new energy-efficient fixtures and ballast. A luminaire or lighting fixture's 

main job is to distribute, direct, and diffuse light. 
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Some fixtures can absorb up to half of the light output by the bulb, resulting in reduced lighting 

efficiency. Higher-efficiency lights can produce more light while saving energy and money. 

Reflectors are used in these lights to guide light in the desired direction. 

To perform effectively, all discharge lights require the usage of a ballast. Power losses of up 

to 15% of the light wattage are common with traditional magnetic ballasts. While in use, it can 

also boost the temperature of the fixture. As a result, in order to limit ballast losses, fixture 

temperature, and system wattage, the proper ballast must be used. Many electronic or solid-

state ballasts are now available on the market that can save up to 30% more energy than 

ordinary ballasts. 

2.2. Steam system (Boilers and steam distribution) 
 

Steam systems account for around 30% of total energy needed for product production in 

industrial applications. These systems are important for supplying energy for process heating, 

pressure control, mechanical drives, component separation, and the creation of hot water for 

process reactions. 

Components for generation, distribution, end use, and recovery may all be found in industrial 

steam systems. End-of-life equipment includes heat exchangers, turbines, fractionating towers, 

strippers, and chemical reaction vessels. Steam systems might contain superheaters, 

combustion air preheaters, feedwater economizers, and blowdown heat exchangers to improve 

system efficiency. 

 
2.2.1 Energy Efficiency measures for Boilers: 

 
 Improve process control: Flue gas monitors are used to keep the flame temperature at a 

comfortable level while also keeping an eye on CO, oxygen, and smoke levels. Excess air and 

air seeping into the boiler combine to make up the oxygen content of the exhaust gas. By 

integrating an oxygen monitor with an intake airflow sensor, leaks can be detected. It is feasible 

to tune the fuel/air mixture for high flame temperature and consequently the highest energy 

efficiency and minimum emissions using a combination of CO and oxygen measurements. 

 Reduce flue gas quantities: As a result of leaks in the boiler and flue, excessive flue gas is 

frequently created, limiting the heat supplied to the steam and increasing pumping needs. The 

majority of these leaks are straightforward to fix. The savings vary from 2% to 5%. 
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visual inspection-based periodic repair is included in this metric. We eliminate it from our savings 

estimate since the savings from this intervention and flue gas monitoring are not cumulative because 

they address the same losses. 

 Reduce excess air: The more air utilized to burn the fuel; the more heat is lost in the process of 

heating it. Slightly more air than the optimal stochiometric fuel/air ratio is necessary for        safety 

and to decrease NOx emissions, but around 15% is sufficient. In badly maintained boilers, 

excess air can reach 140 percent. Even without continual automated monitoring, lowering this 

to 15% would save you 8% of your money. The great majority of boilers currently run at 15 

percent or less extra air, so the step is unlikely to save much money. 

 Improve insulation: New materials are more insulating and have a lower heat capacity than older 

ones. When better insulation is paired with enhanced heater circuit controls, savings of 6-26 

percent can be obtained. This better control is essential to preserve the old firebrick system's 

output temperature range. The output temperature is more subject to temperature changes in the 

heating components due to the ceramic fiber's decreased heat capacity. 

 Recover heat from flue gas: In an economizer, heat from flue gases may be utilized to warm boiler 

feed water. While this is a frequent practice in big boilers, there is often opportunity for even 

more heat recovery. The economizer wall temperature, which should not fall below the dew point 

of acids in the flue gas, is the limiting factor for flue gas heat recovery. This has traditionally 

been done by maintaining the flue gasses at a temperature much above the acid dew point. The 

economizer wall temperature is more reliant on the feed water temperature than the flue gas 

temperature due to the high heat transfer coefficient of water. As a result, it makes more sense to 

heat the feed water to near the acid dew point before it enters the economizer. The economizer 

can then be configured so that the flue gas exiting the economizer is just above the acid dew 

point. One percent of gasoline is saved for every 25°C drop in exhaust gas temperature. We 

estimate a 1% savings across all boilers, with a two-year payback, because exhaust gas 

temperatures are already relatively low. 

 Recover steam from blow down: The pressure drop that occurs when water is blasted from the 

high-pressure boiler tank frequently results in substantial volumes of steam. Although the steam 

is of poor quality, it can be utilized for space heating and preheating feed water. 

2.2.2 Energy efficiency measures for heat distribution: 

 
 Improve insulation: This may be done by employing additional insulating material or doing a 

comprehensive investigation of the best insulation material. When choosing an insulating 

material, low thermal conductivity, dimensional stability under temperature change, 
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resistance to water absorption, and resistance to combustion are all key considerations to consider. 

Other insulating material qualities, such as temperature tolerance and system vibration, as well as 

compressive strength in load-bearing insulation, may be relevant depending on the application. 

Improved insulation on current heat distribution systems would save 3 to 13% across the board, 

with a payback period of 1.1 years. 

 Maintain insulation: After repairs, it is typical to discover that the insulation has not been 

replaced. Furthermore, some insulating materials might become brittle or decay. As a result, a 

system of routine inspection and repair can help conserve energy. 

 Improve steam traps: Modern thermostatic element steam traps can assist conserve energy while 

also increasing dependability. The key benefits of these traps are that they open when the 

temperature approaches that of saturated steam, that they purge nonconsensual gases after each 

opening, and that they open on starting to allow for a speedy steam system warm- up. These traps 

are also quite trustworthy, and they can handle a broad variety of steam pressures. 

 Maintain steam traps: A basic inspection schedule for steam traps to guarantee correct operation 

may save a lot of energy. 15-20% of steam traps may fail if they are not checked on a regular 

basis. 

 Monitor steam traps automatically: With no additional expense, installing automated monitors 

on steam traps in conjunction with a maintenance schedule may save even more energy. Because 

it detects steam trap faults or failures more immediately, this method is preferable than steam 

trap maintenance alone. Automatic monitoring is expected to save an extra 5% over steam trap 

maintenance, with a one-year payback period. 

2.3 H.V.A.C systems 
 

2.3.1 Introduction 
 

The heating, ventilation, and air conditioning (HVAC) system of a building consists of 

motors, ducts, fans, controllers, and heat exchange units that distribute warm or cooled air to 

different portions of the building. The HVAC system's goal is to maintain the proper climatic 

conditions for people, goods, and equipment by adding or removing heat and moisture, as well 

as unwanted air components, from the building. In most sectors, the HVAC system accounts 

for a major amount of energy consumption and expense. Several manufacturing plants, on the 

other hand, are completely heated and cooled, and practically every industrial facility has 

heated and cooled office areas. As a result, lowering the energy expenses of operating a 

facility's HVAC system is an essential part of any energy management strategy. 
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2.3.2 How H.V.A.C systems works: 

 
Lights, people, industrial processes, and the sun all collect heat in a building, and air 

conditioning eliminates the extra heat to offer a pleasant working environment. The air 

conditioning system also removes excess humidity. During cold weather, if the working 

environment is too chilly for worker comfort, the heating system adds heat. During the warm 

season, moisture may be introduced to enhance humidity. The HVAC system offers ventilation 

and air movement even when there is no heating or cooling load. 

2.3.3 H.V.A.C system component: 

 
Dampers, grilles, filters, coils, fans, ductwork, and a control system are the important 

common components found in HVAC systems. As follows, each of these contributes to the 

HVAC system's operation: 

 

 Dampers: A damper is a device that controls the flow of air. When the damper is open, air 

may freely flow; when it is closed, the flow is limited to 5-10% of the open-damper flow, 

depending on the construction and maintenance of the damper. Dampers are commonly 

used to regulate the flow of outside air into a system or to control the flow of outside air 

into a system, as in the case of a return air damper. 

 

 Grilles: Upstream of the damper, a screen or grille is usually added to catch bugs, lint, and 

debris before they reach the air distribution system. When a grille becomes jammed or 

obstructed by things such as furniture or stored material, this element of the air distribution 

system stops working. 

 

 Fans: they provide the necessary power to circulate air through the air distribution system. 

A conventional fan has three primary components: a motor, belts or chains to carry power 

from the motor to the fan blades (many tiny fans are direct drive), and the blades themselves 

with their housing. The fan will not move air if any of these components breaks or is not 

correctly linked, and this section of the air conditioning system will not work. 

 

 Heat exchange surface: The air that travels through the HVAC system must generally be 

heated or cooled in order to be useful. Heating or cooling happens when air is driven around 

a coil or a finned surface carrying hot or cold fluid. If dirt, oil, or other materials with poor 

heat conduction qualities block these heat exchange surfaces, heat exchange will be 

inefficient, needing more heat or cooling energy to heat or cool air to the appropriate      
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temperature. 

 Ductwork: It guides and conducts hot and cold air from the heat exchange surfaces to the 

rooms that require it, as well as exhaust air from these rooms back to the mixing plenum and 

to the outdoors. This function is jeopardized if the ducts leak, or if loose insulation or other 

impediments delay the airflow within the ducts. 

 

 HVAC control system: The operating instructions for ideal environmental conditions are 

converted into the required air temperatures and ventilation volumes in the workplace by an 

HVAC control system. The HVAC system is regulated by the control system, which ensures 

that these instructions are followed as precisely as feasible. A network of sensors, actuators, 

and communication links perform the control system's purpose. The sensors transmit 

electrical or pneumatic signals when a temperature, pressure, or humidity threshold is 

exceeded. These signals are sent by a communication network, which is usually an electrical 

or pneumatic system. Electrical power cables or radio transmission can also be used to 

multiplex signals. 

 

2.3.3 Basic Ways to improve energy efficiency in H.V.A.C systems: 

 
 Maintain proper system boundaries: Controlling heating and cooling to particular locations 

within a system can boost HVAC efficiency by up to 20%. Depending on the working 

environment and season, boundaries may be adjusted. An open warehouse may have open 

entrances and doors during the transition between seasons, but it may also be enclosed and 

heated or cooled at other times. An energy audit or commission for energy savings in new 

buildings requires that system boundaries be adequately established in order to know what 

those settings should be and when, where the limitations lie, and how airflow from HVAC 

ducting should be directed. 

 Maintain daily, seasonal thermostat set points: A cost-effective heating and cooling system 

is created by a programmable thermostat that manages air current and temperature to 

provide appropriate comfort levels at different times of the day and year. A pre-set schedule 

comprises setting heat or air conditioning to maintain constant temperatures at specific time 

intervals of the day. Adjusting the temperature settings for rooms that aren't utilized 

throughout the day or night can save up to 10% on energy use. 
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 Maintain equipment set points: Ascertaining that the equipment's set points are appropriate 

for reaching targeted comfort levels and that they are not working any harder than 

necessary. For example, fans and blowers should be set up to supply the exact amount of 

air required by the space limits they serve. Frequently, systems supply more than is 

necessary and are not properly designed. To generate a larger heating or cooling effect, they 

utilize more energy than is necessary, reducing energy efficiency. Set points that have been 

calculated will avoid this and conserve energy. 

 

 Seasonal HVAC Operation Adjustment and Setup: Raising the temperature of the system's 

chiller water supply to a point where it can achieve the necessary temperature settings and 

levels will help conserve electricity. Depending on the configuration of the system, 

controlling the temperature of cooling water to your chiller within manufacturer's standards 

can achieve a desired comfort level while using less electricity. In actuality, this may save 

a lot of energy since the compressor does not have to work as hard to maintain the optimal 

comfort level. When the seasons change, remember that a minor adjustment to the 

temperature setting may be all that's needed. This alone might save a significant amount of 

energy. 

 Consider utilizing variable-speed machinery: Variable speed fans, blowers, motors, and 

other components have helped several sectors improve their energy efficiency. Air 

conditioners and thermal equipment have had variable speed features added to them in the 

recent decade to make them more cost effective and efficient. It is critical for efficiency to 

be able to adjust settings effectively and avoid motors, fans, and operational components 

from operating at their maximum specified speed at all times. Variable speed control allows 

the equipment to be adjusted for what is needed rather than 100 percent of the time, while 

still fulfilling the heating and cooling needs. 

 Wherever possible, use automatic controls: By automatically altering their speed, output, 

and run-time, HVAC equipment such as fans, chillers, and compressor motors may be 

managed to provide appropriate levels of heating and cooling. This will result in a 25 

percent reduction in the industry's power cost. 

 

 Properly schedule and maintain equipment: Ascertain that HVAC systems and components 

are serviced according to a regular, time-based schedule, and that data is documented as 

soon as possible. 
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2.4 Electric motors and drives: 
 

2.4.1 Introduction: 

 
The single largest end use of power on the globe is electric motors. Electric motors are 

efficient, trustworthy, and long-lasting, with minimum maintenance required. Nearly every 

piece of machinery used in manufacturing, mining, and agriculture has a motor. In equipment 

that performs particular tasks, motors are usually utilized as the principal component. Despite 

these advantages, they can be costly to run if not carefully selected and maintained. All sectors 

may prevent excessive increases in energy consumption, maintenance, and expenditures by 

selecting motors that are best suited to their applications and ensuring that they are properly 

maintained. Due to cyclical production needs, fluctuating environmental conditions, and 

changing consumer expectations, loads on motors and drive systems regularly change. Motors 

that are utilized at more than half to full load, for example, are significantly more efficient than 

those used at less than half load. Because electric motors are employed in almost every facility, 

they are good candidates for increased efficiency and utilization in equipment and processes. 

Even a small improvement in electric motor efficiency may save a lot of money on energy. 

2.4.2 AC and DC Motors: 

 
Electric motors are mechanical devices that transform electrical energy into rotary motion. 

Motors can be bought to run on either AC or DC power. For chillers, fans, pumps, and other 

major pieces of equipment, most facilities rarely employ DC motors. 

 

 AC motors 

Magnetic fields produced by coils wrapped around the output shaft provide energy in an AC 

motor. A stator and rotor are two of the many components that make up an AC motor. AC 

motors are a feasible solution for many power generations needs since they are efficient, 

durable, quiet, and versatile, and they are divided into two types: 

 

 Synchronous: they rotate at the same rate as the supply current's frequency, hence the name. A 

stator, rotor, and shaft make up a synchronous motor. These last can be found in a variety of 

settings. 

 Induction: these types of motors are the most basic and reliable electric motors on the market. 

The coiled stator and the rotor assembly make up these AC electric motors. 
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 DC motors: 

A DC motor gets its energy from batteries or another source of constant voltage that is 

generated. Bearings, shafts, and a gearbox or gears are just a few of the components that make 

up a DC motor. DC motors create more torque and have better speed variation and control than 

AC motors. There are two types of DC motors: 

 

 Brushed: they are internally commutated electric motors that run on direct current. They are one 

of the earliest forms of motors. A rotor, brushes, an axle, and a shaft make up a brushed motor. 

The direction and speed of the motor are controlled by the charge and polarity of the brushes. 

 Brushless: these type of DC motors has gained favor in recent years for a variety of applications, 

owing to their efficiency. Brushless motors are built in the same way as brushed motors, but 

without the brushes. Brushless motors have additional circuitry for controlling speed and 

direction. Magnets are positioned around the rotor in brushless motors, which enhances 

efficiency. 

 

2.4.3 Ways of improving energy efficiency in Electric Motors and drives: 
 

Electric motors may be found in almost any industry or application. They are the motors 

that power most machines, and they must be able to endure anything is thrown at them. An 

electric motor failure may shut down an entire factory, causing hours or even days of 

unscheduled downtime at a considerable cost to the company. Improving the efficiency of your 

electric motor can help you save energy while also reducing the probability of machine failure. 

The steps listed below can help save a lot of energy in electric motors and drives: 

 

 Protection against electrical overload: An electrical overload or over-current occurs when the 

current that the motor is intended to transport effectively and safely is exceeded. A low voltage 

supply is the most typical culprit, which causes the motor to demand extra current to maintain 

torque. Shorted conductors or an overvoltage supply, on the other hand, can cause it. Over-

current protection interrupts power and protects against overload by detecting over-current before 

it presents a problem. This will allow the engine to operate at maximum efficiency while reducing 

the risk of a failure. 

 Keep it cool: The benefits of keeping your motor cool are evident, since overheating is 

responsible for around 55 percent of insulating motor failures. For every 10 degrees Celsius 

increase in temperature, a motor's insulating life is cut in half. Keeping the working 
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environment cold is the easiest technique to keep a motor's temperature down. This will help 

your electric motor run more efficiently and minimize failures. 

 Monitor vibration: In electric motors, vibration is frequently caused by an uneven or unstable 

surface. It might, however, be the consequence of a more serious issue, such as loose bearings, 

corrosion, or misalignment. Vibration levels must be checked since excessive vibration might 

cause the motor to fail prematurely. A motor analysis instrument, such as SKF's Enright Quick 

Collect, is a simple and low-cost solution for monitoring an electric motor's vibration and 

temperature. This can assist guarantee that the motor is operating at optimal efficiency, lowering 

the danger of early motor failure. 

 Using variables speed drives: Large industrial electric motors with variable-speed drives (VSD) 

or adjustable-speed drives (ASD). Their speed may be controlled with an external controller. 

These drives are utilized in process control because they assist facilities with a lot of electric 

motors conserve energy. Because VSDs enhance process operations, especially when flow 

control is necessary, they are often utilized as energy savers in pump and fan appliances. Soft-

start capabilities alleviate electrical strains and line voltage sags, which are prevalent in voltage 

motor start-ups, especially when driving high-inertia loads. 

 Using Smart Motors in conjunction with an Appropriate Motor Starter/Controller: While smart 

motors are widely used and accessible, selecting the appropriate match is crucial to minimizing 

downtime, increasing efficiency, and lowering costs. Motors consume a lot of electricity, which 

can put a burden on industrial engineers' operational budgets. To combat this, they commonly 

utilize motor control technologies that only use the energy required to start motors, provide 

diagnostic data, and save downtime. As motor starts become more popular, motor starting 

technology is becoming more significant. 

 Using high efficiency motors: Energy efficient motors use less electricity, run cooler, and 

typically last longer than normal motors of the same size. 

 

2.5 Compressed Air system: 
 

2.5.1 Introduction: 
 

Compressed air is commonly employed in the industrial business, and at many facilities, it 

is referred to as the "fourth utility." A compressed air system may be found in almost any 

industrial facility, from a tiny machine shop to a big pulp and paper mill. In many 

circumstances, the compressed air system is so important that the facility would be unable to 

operate without it. 
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In many industrial buildings, air compressors consume more energy than any other form of 

equipment. Compressed air systems are notorious for their inefficiency. Energy savings from 

system enhancements can be substantial, resulting in yearly savings of tens of thousands or 

even hundreds of thousands of dollars, depending on use. 

2.5.2 Parts and components of a compressed air system 

 
A typical commercial and industrial compressed air system consists of the following 

components: 

 

 An air dryer and Air filter 

 Controls 

 Piping 

 End uses 

 A receiving tank 

 One or more in-series or in-parallel compressors 

 
2.5.3 Energy efficiency in Compressed Air system: 

 
Compressed air accounts for a sizable portion of total energy costs for industries, typically 

accounting for about 12% of total energy costs and possibly as much as 40% in some facilities. 

This means that any compressed air energy savings will have a significant impact on your 

factory's total energy consumption and CO2 emissions. The following actions can help in saving 

a large amount of energy in Compressed Air systems: 

 

 Eliminate air leaks: Air demand in an industrial compressed air system is frequently changeable. 

Reducing unloaded running hours using these patterns is a smart place to start when it comes to 

increasing energy efficiency. Compressor controllers make it easy to cut down on unloaded 

operation hours. If you have a lot of compressors, they should all be designed to perform this. 

If there is no central controller, the compressor pressure bands should have been set up in a 

cascade approach, and the machines should have been stopped when the compressed air goal 

pressure was achieved by the on-board controllers. 

 Turn compression heat into useful energy with heat recovery: Manufacturers may save a large 

amount of money by recovering waste heat from air compressors. If no energy recovery is 

performed, this heat is lost to the atmosphere through the cooling system and radiation. The 

size of the compressor and the number of operational hours influence the 
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quantity of electrical energy recovered. The recovery rate is usually between 70% and 94 

percent. 

 Consider a compressor with Variable Speed Drive: Most manufacturing processes need varied 

amounts of demand at different times, which may require running the compressor off-load or 

idle (generating no compressed air) for long periods of time. Because compressed air is only 

generated when it is needed, considerable savings may be obtained when a fixed-speed 

compressor is substituted with a variable-speed drive unit. 

 Regular maintenance: The most efficient strategy to ensure your compressed air equipment's 

availability is to take good care of it. This means engaging in preventative maintenance on a 

regular basis to retain the efficiency achieved by acquiring a new compressor or increasing the 

performance of an existing one. 

 Ascertain that the proper size of compressor is installed: Choosing the incorrect air compressor 

size for your facility can result in production issues and/or increased costs due to wasted energy. 

 

3 Understanding the electricity bill: 
 

3.1 Introduction: 

 
The monetary amount billed to a customer in compliance with the relevant supply 

contract between that customer and an electricity entity is known as an electricity bill. 

Understanding how energy usage is billed is the first step in attempting to save money on 

electric, gas, or fuel costs. 

 

The major components of an industry electricity bill are as follow; first is the “Kwh” also known 

as the consumption and This is the total amount of electrical energy consumed by the consumer 

over time. (A kilowatt is 1,000 watts of power, and a kilowatt-hour is 1,000 watts of power 

utilized for one hour). Second is the subscribed power (measured in KVA) and it is the power 

contacted between the electricity supplier and the industry. Third is the “KW” or the demand 

and this is the amount of power that a customer's facility or business is drawing from the utility 

electrical system at any one time. Fourth is the power factor and it is a metric for how efficiently 

a customer uses the electricity provided by the company. Fifth is the time of use rate and this is 

a billing schedule that charges more for power usage based on the time of day and season. Last 

but not least is the exceeded power and it is the difference between the power contracted and 

the called power. 
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In our project we will work on a specific company electric Bill and optimize its electricity 

consumption using 3 major methods; shifting the loads to benefit from low cost of electricity 

consumption during off peak hours, optimization of the subscribed power (KVA) and 

Compensation of the reactive energy by correcting the power factor. 

 

3.2 The type of loads: 

 
3.2.1 Resistive load: 

 
As the name implies, resistive loads are made completely of resistive components. Because 

the current is generally in phase with the voltage, all of the power supplied to this sort of load 

is dissipated for useful work (in ideal conditions). 

 

 
 

 

 

 

                 Figure 10: current and voltage in case of resistive load 

 

 

 
3.2.2 Reactive Load 

 
The concept of reactive loads, on the other hand, is a little more difficult to grasp. They 

create a voltage drop and drain current from the source, much like resistive loads, but they don't 

expend any useable power. Both capacitive and inductive reactive loads are viable options. 

Inductive loads use their power to create magnetic flux without performing any direct work, 

whereas capacitive loads use their power to charge the capacitor rather than producing work 

right away. The quantity of energy dissipated in reactive loads is known as reactive power. A 

phase mismatch between the current and the voltage defines reactive loads, with the current 

leading in capacitive loads and lagging behind the voltage in inductive loads. 
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Figure 11: Current and voltage representation in case of capacitive load. 
 

 

 

 

 
 

 

 

Figure 12: Current and voltage representation in case of Inductive load 

 
3.3 Types of power 

 
3.3.1 Actual power/ Reel power 

 
This is the amount of electricity used by resistive loads. It is the power component of 

electrical systems that is dissipated to do actual work. It is measured in Watts (W) and 

symbolically represented by the letter P. It is used for everything from heating to lighting. 
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(1) 
 
 
 

3.3.2 Reactive power: 

 
It is the reactive load's power. The energy extracted in reactive loads (either capacitive or 

inductive) creates no work due to the delay between voltage and current in reactive loads. It's 

called reactive power, and its unit is the Volt-Ampere Reactive (VAR). 

 

The following are the formulas for an inductive load and capacitive load reactive respectively: 

𝑄𝐿 = 𝐼2𝑋𝐿 And 𝑄𝐶 = 𝐼2𝑋𝐶 . 

 
3.3.3 Subscribed Power: 

 
The sum of the actual and reactive power components in an electrical system is the 

subscribed power; this total power is also known as apparent power or complex power. The 

perceived power is derived from the sum of real and reactive power. Its unit is volt-amps (VA), 

which is theoretically expressed by the equation; 

 

 

                                                               𝑆 = 𝐴 + 𝑅                                                           (2) 
 

(With S the subscribed power, A the active power and R the reactive power). 

 
3.4 Power factor 

 

3.4.1 Introduction 

 
Aside from safety and dependability, many other goals, such as efficiency, should be 

followed in the design and implementation of electrical systems. One of the measurements of 

efficiency in an electrical system is the efficiency with which the system turns the energy it 

receives into usable work. This efficiency is indicated by the Power Factor, an electrical system 

component. The power factor indicates how much power a load really uses for meaningful work 

and how much power it "wastes." As minor as its name may seem, it is one of the primary 

reasons of excessive electricity bills, power outages, and network imbalance. The following 

formula is used to compute the power factor: 
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(3) 

 

 

 

On a company's electric utility bill, the amount of 'working power,' or 'real power,' that is really 

being used by a facility is displayed in kilowatts (kW), whereas the amount of 'apparent power,' 

or 'demand,' is represented in kilovolt-amps (KVA). The power factor is the ratio of real power 

to perceived power (kW/KVA). When the KVA demand exceeds the kw consumption, an 

inefficient or low power factor may entail a utility constructing or acquiring more electric 

capacity in order to satisfy energy demands. 

 

3.4.2 Impact of low power factor on the utility bill 

 
A significant quantity of energy from the mains is lost since a portion of it will not be used 

for beneficial work due to the existence of more reactive loads, as shown by the low power  factor. 

Because both the actual power required by the load and the reactive power utilized to satisfy 

reactive loads will be extracted from the system to fulfill the load's demands, the supply system 

will be stressed. Users, particularly industrial users, generally suffer high electricity costs as a 

result of this strain and wastage since utility providers judge use in terms of visible power. As 

a result, they wind up paying for electricity that isn't being used for anything productive. 

POWER FACTOR = 
𝑹𝒆𝒂𝒍 𝒑𝒐𝒘𝒆𝒓 𝒄𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏 

𝑨𝒑𝒑𝒂𝒓𝒆𝒏𝒕 𝒑𝒐𝒘𝒆𝒓 
𝒄𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏 
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Power Factor Percentage Surcharge 

100% 90% or more None 

90% 88% or more 2% 

88% 85% or more 4% 

85% 80% or more 9% 

80% 75% or more 16% 

75% 70% or more 24% 

70% 65% or more 34% 

65% 60% or more 44% 

60% 55% or more 57% 

55% 50% or more 72% 

50% 45% or more 80% 

 

 

Table 7: Amount of surcharge on the electricity bill. 

 
3.4.3 Causes of low power factor 

 
Poor power factor can be caused by large inductive loads such as power transformers and 

electric motor driven loads such as fans, pumps, and air compressors. Variable speed drives, 

computers, broadcasting equipment, compact fluorescent and LED lighting, electrical chargers, 

induction furnaces, and a variety of other devices can all contribute to a low power factor in an 

industry system. The following are some good areas to start your research: 

 

 Large fans and motors are good areas to start your inquiry (especially if they are only 

partially loaded). 

 Transformers with a large number of them (such as lighting ballasts). 

 Capacitors that have failed or are the wrong size (used for power factor correction). 

 Non-linear electrical loads produce harmonics in a system 

 

3.5 Improving the power factor 

 
You would agree with me after reading this that rectifying the low power factor is more cost 

efficient than continuing to pay exorbitant electricity prices, especially for large buildings. 

Correcting the total Power Factor might save companies and industrial facilities over 40% on 
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power costs, fuel for generators, and even cut pollutants. Aside from cost savings for 

consumers, operating an efficient system improves the power grid's overall reliability and 

efficiency by allowing utility companies to reduce line losses and maintenance costs while also 

reducing the number of transformers and other support infrastructure required for their 

operations. 

 

Determining the power factor for your load is the first step in fixing the power factor. 

Calculating the reactive power using the load's reactance details, determining the true power 

dissipated by the load and combining it with the apparent power to obtain the power factor, or 

utilizing a power factor meter are all options. 

 

Once you have the power factor, you can rectify it by adjusting it as near to 1 as feasible. 

Electricity supply providers recommend a power factor of 0.8 to 1, which can only be 

accomplished if the load is almost entirely resistive or the inductive reactance load in the system 

is equal to the capacitance reactance, since they will cancel each other out. Because inductive 

loads are a more typical cause of low power factor, particularly in industrial settings, one of the 

simplest ways to rectify the power factor is to cancel out the inductive reactance by using 

correction capacitor banks that add capacitive reactance into the system. Inductive loads waste 

power, and power factor correction capacitors operate as a reactive current generator, 

counteracting/offsetting this. When incorporating these capacitors into setups, however, 

considerable design consideration is required to ensure smooth operation with equipment such 

as variable speed drives and a cost-effective balance. 

 

As desirable as achieving a power factor of one is, it is nearly impossible to achieve because no 

system is fully perfect. In the sense that no load is completely resistive, capacitive, or inductive, 

this is correct. Every load has some reactive or resistive parts, no matter how minor, and as a 

result, the normal realizable power factor range is typically 0.9/0.95. 

 

4 Measures of optimization in an Electricity Bill 

 

4.1 Components of the Electricity Bill and their calculation 

 
Understanding the components of your facility electricity bill, is the first step in the 

optimization of your industry energy consumption. If a business understands the components 

of its facility's electricity bill and how they are calculated, it will be able to apply strategies to 

lower the facility's electricity bill. 
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4.1.1 Time of use rate electricity fees 
 

Time-of-Use pricing is an electric rate schedule that modifies the price of your electricity 

based on how much you use it and when you use it. The cost of consuming electricity is greater 

during high-energy usage hours, which more truly reflects the cost of electricity on the grid at 

that time. The following table represents the time of use pricing in Morocco. 

 

 
Peak hours Full hours Off-peak hours 

1.3645 MAD 0.9736 MAD 0.7131 MAD 

   Table 8: Load hours pricing. 

 

During summer the Peak hours, full hours and off-peak hours are from 6pm to 11pm, 7am to 

6pm and 11pm to 7am respectively and in winter the time slot become 5pm to 10pm, 7am to 

5pm and 10pm to 7 am respectively. 

 

4.1.2 The Fee of consumed power: 

 
The consumed power is basically the amount of energy used by the industry during the 

billing period and it measured in Kilowatt hours (Kwh). Today the price of 1 kwh in Morocco 

cost around 1.072 MAD. In the electricity bill the fee of consumed power appear in each month 

and depend on the energy consumed by the industry during the time of use rates and their cost. 

The fee of consumed power of a specific month is calculated by the following equation: 

 

(4) 

 

(with PPH the price of peak hours, CPH the electricity consumed during peak hours, PFH the 

price of full hours, CFH the electricity consumed during full hours, POH the price of off-peak 

hours and COH the cost of off-peak hours). 

 

4.1.3 The Fee of Maximal Power and charges of exceeding Subscribed power: 

 
The subscribed power or contacted power, is the amount of energy transmitted from the 

electricity supplier to the industry and is measured in kilovolt-ampere (KVA) (ONEE is the 

main operator in the energy generation market in Morocco). The subscribed power is a very 

important component in the electricity bill as it plays an important role in the monthly pricing. 

𝑭𝑪𝑷 = 𝑷𝑷𝑯 𝒙 𝑪𝑷𝑯 + 𝑷𝑭𝑯 𝒙 𝑪𝑭𝑯 + 𝑷𝑶𝑯 𝒙 𝑪𝑶𝑯. 
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The yearly price of the Subscribed Power depends on supplier factory (ONEE: 494.09 MAD/ 

year). The subscribed power fee is calculated as follow: 

 

(5) 

 

(with SP the subscribed power and FP the factory power price per year). 

 
However, exceeding the contacted power will result in a huge rise in the industry electric bill 

cost. The Fee for exceeding the subscribed power in case demanded power exceeds subscribed 

power during the month, is calculated as follow: 

 

(6) 

 

(with DP the consumed Power, SP the subscribed power, and FP the factory subscribed power 

cost per year). 

 

4.1.4 The penalty fee of the power factor: 

 
The power factor of a facility is a measurement of how efficiently it uses the electricity 

subscribed to it. The power factor is the contracted power provided to the circuit divided by the 

real power used by the facility to do work. The power factor of an industry is a number between 

0 and 1. However, it should not be less than 0.8, otherwise it will result in a huge penalty cost 

and lead to expensive electricity bill. The penalty fee of the power factor is calculated as follow: 

 

(7) 

 

(With PF the power factor, PPF the power factor penalty, FESP the fee of exceeded subscribed 

power, FSP the fee of subscribed power and FCP the fee of consumed power). 

 

4.1.5 Considerations for the electricity bill optimization: 

 
Before starting the optimization of your industry electricity bill, the following element 

should be taken into consideration: 

 

 The statement date: It's critical to notice the statement date clearly because the statement isn't 

always generated on the same day each month. This date eventually decides the number of days of 

consumption for the corresponding month's production. 

𝑰𝒇 𝑷𝑭 < 𝟎. 𝟖: 𝑷𝑷𝑭 = 𝟐 𝒙 (𝟎. 𝟖 – 𝑷𝑭) 𝒙 (𝑭𝑬𝑺𝑷 + 𝑭𝑺𝑷 + 𝑭𝑪𝑷) 

𝑭𝑬𝑺𝑷 = (𝑪𝑷 – 𝑺𝑷) 𝒙 𝟏. 𝟓 𝒙 𝑭𝑷/𝟏𝟐 

𝑭𝑺𝑷 = 𝑺𝑷 𝒙 𝑭𝑷/𝟏𝟐 
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 The subscribed power in KVA: This power, which the industry subscribed to at the outset of its 

creation, can occasionally cause major distortions with respect to the called power. The industry 

must understand the significance of this subscription because if it is high, it will pay a power 

price that is unnecessary, and if it is the opposite, it will pay a 50 percent overrun penalty for 

each KVA exceeding the stated power. 

 The maximum called power: The greatest of the integrals over 10 minutes of the power demand 

(kw) reported in the given month corresponds to this power. The basis for calculating the taxed 

power is the ratio of the greatest monthly power demand to the average monthly power factor 

(KVA). 

 The taxed power: The power taxed is the highest value calculated from the subscribed power and 

the current month's power demand. If the called power is less than or equal to the subscribed 

power, then the taxed power is the latter. However, if the power demanded exceeds the power 

subscribed, the power price is increased by 50% for each KVA exceeded. 

 The power factor: The power factor for the minimum is set to 0.8. If the amount of reactive 

energy consumed by a customer during a billing month is such that the corresponding average 

power factor is less than 0.8, the total amount of power consumption charge and fee for 

exceeding subscribed power will be increased by 2% for each hundredth of power factor 

deficiency. 

 
5. Improvement of electrical energy consumption in the industrial sector: 

 

5.1. Introduction: 

 
Energy efficiency is a big deal in the industry because it may assist save costs while also 

saving energy. The reality is not reflected in the energy bills. The amount an industry pays each 

month is greater than the amount it consumes. It's possible that the facility is only using half of 

it, with the other half going to waste due to faulty HVAC systems and other utilities. 

 

The objective of this project is to reduce this additional cost, and help industries optimize their 

electricity usage. Our project objective will be achieved using three important methods; Power 

factor correction or the compensation of the reactive energy, optimization of the contracted 

power and shifting of load activity. For our project to be more concrete, we used a real industry 

electricity bill and worked on it, in order to know how much money and electricity this industry 

can save. 
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5.2. Power factor correction 
 

5.2.1. Definition 

 
As it was said before, the power factor (PF) of an AC electrical power system is defined 

as the ratio of working power (Kw) absorbed by the load to perceived power (kva) passing 

through the circuit. The power factor is a one-dimensional number that ranges from 0 to 1. 

 

A power factor of one sometimes called "unity" is the ideal. This occurs when the circuit has 

no reactive power and hence subscribed power (kva) is equal to the real power (kw). However, 

this is not realistic and impossible to achieve. But, to help boost the power factor to this optimal 

state, various power factor correction procedures are performed. 

 

Only in AC circuits does the word power factor come into play. Mathematically speaking the 

power factor is the cosine of the phase difference between the source voltage and current. In 

other words, it is the percentage of total power (subscribed power) that is used to do useful work 

(active power). 

 

5.2.2. Why Improving the Power Factor is necessary? 

 
Only in AC circuits does the word power factor come into play. Mathematically speaking 

the power factor is the cosine of the phase difference between the source voltage and current. 

In other words, it is the percentage of total power (subscribed power) that is used to do useful 

work (active power). 

 

(6) 
 

 

(with cosᶲ, the power factor, P the active power and S the apparent power). 

 
Having power factor close to one as possible is essential for industries to save money, for the 

following reasons: 

 

 A high power factor leads to a low current flow: the active power P is calculated by the equation 

“P = VI cosᶲ”. From the equation we can see that the electrical current (I) is inversely 

proportional the power factor. As a result, as the power factor increases, the current flowing 

decreases and a limited current flow necessitates fewer conductors with a smaller cross-sectional 

area, saving both conductors and money. 

(𝒄𝒐𝒔ᶲ) = 
𝑷

 
𝑺 
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 Voltage regulation issues: We can see from the above equation of the active power (P), that low 

power factor increases the current flowing in a conductor, which increases copper loss. The 

electrical transformer, transmission, alternator, and distribution lines all have a considerable 

voltage drop, resulting in poor voltage regulation. 

 Reduction of KVA rating: From the formula of the power factor, we can see that the subscribed 

power (KVA) is inversely proportional to the power factor, thus a high power factor leads to 

low KVA rating of the machines. As a result, the machine's size and cost are lowered. 

 

5.2.3. Compensation of reactive power using capacitors 

 
     The current flowing through capacitors is 90 degrees ahead of the voltage. While, the 

inductive loads' current vector is the opposite the angle between the current and Voltage is -90 

degrees with the voltage leading. In order to compensate for the reactive power absorbed by 

inductive loads, capacitors are extensively utilized in electrical systems. Because inductive-

reactive power is absorbed by the inductive load, which makes it have a positive value, whereas 

capacitive-reactive power is traditionally negative because it is supplied by the capacitive load. 

Hence, the reactive power of the capacitor cancels the reactive power of the inductor. This is 

known as reactive power compensation or power factor adjustment. 

5.2.3.1 Example compensation of reactive power using capacitors 
 

 
 

Let us consider the circuit showed below, that has a source (a utility) that has a voltage of 110 

V and 60 Hz. This last is connected to an inductive load with a cable. 𝑍̅  Is the load impedance 

and have the value 𝑍̅  = 3 + j 4Ω. The cable inductive reactance and the cable resistance are 2Ω 

and 1Ω respectively. Let us calculate the Power factor, the load voltage, real and reactive power 

of the cable and losses of the cable, with and without the capacitor being connected to the circuit. 

 

 

 

 

 

 

Figure 13: Circuit Example reactive power compensation using capacitors 
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Without VS with a capacitor: 

 
 Power factor: 

 
 Without capacitor: 

 
 

 
 With capacitor: 

 
 

 
 

 
 The load voltage 

 
 Without a capacitor 

 
 

 
 With the capacitor 

 
 

 
 The real and reactive power 

 
 Without capacitor 

 
 

 
 With capacitor 
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 Losses of the cable 

 
 Without capacitor 

 
 

 
 With capacitor the cable losses are 0. 

 
Discussion and results: 

 
Without a capacitor being installed the power factor is only 0.6 which is less than 0.8, so the 

power factor is said to be lagging. However, after a capacitor was installed the power factor 

jumped from 0.6 to 0.9985 which is very close to unity and in this case the power factor is said 

to be leading. The load voltage is also affected by the capacitor, this last is much higher in the 

case of capacitor being connected to the circuit. Concerning the reactive power, we can see from 

the example that the capacitor cancels the reactive power produces by the inductive load, and 

make the total reactive power equals to -64 Var compared to 930.74 Var. Last but not least, the 

capacitor eliminates the cables losses. From this we can conclude that capacitors play an 

important role in the power factor correction and it is until today the best method foe power 

factor adjustment. 
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5.2.4. Types of compensation 

 
 Individual compensation: 

 
Individual compensation is the most straightforward and cost-effective method of 

increasing power factor. The following are some of the benefits of this method: 

 

 The adjustment has an impact on the entire distribution network, from the capacitor to the 

source, increasing the network's capacity. 

 There is no need for an interrupt mode, and the capacitor can be connected directly to the 

equipment it is compensating. 

 The process of sizing capacitors is in this case simplified. 

 The capacitor is directly related to the equipment and can be left connected or disconnected 

for maintenance. 

 

Individual compensation is mostly employed in systems where equipment has been identified 

as a source of power factor degradation. Individual compensation has the disadvantage of being 

expensive. Similarly, if the load swings greatly, an appropriate capacitor for full load 

compensation may overcompensate at high load, resulting in a forward power factor and 

potentially harmful network element over voltages. 

 

 Compensation per sector: 

 
The compensation per sector or per group has significant advantages over the individual 

compensation. The amount of material used and the cost of installation are lowered, while the 

distribution system's capacity is raised. Automatic compensation is required in the event of a 

considerable variation in the load, which increases the initial expenses. 

 
 Global/centralized compensation: 

 
The power factor problem of the entire system is taken into consideration via global 

compensation. It is the simplest to install and has the finest technological-economic balance. 

The ability to turn on or off the batteries is essential for controlling the batteries as the load 

varies. The disadvantage of centralized compensation is that, unlike the preceding techniques, 

it does not increase the capacity of the electrical installation. 
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5.2.5 What you need to know before correcting your power factor 

 

In order for an industry to calculate the necessary reactive power of the capacitor, to 

obtain the power factor wished the following equation is used: 

 

(7) 

 

(With 𝜑1 the current power factor, 𝜑2 the wished power factor and kw the charge of the system         to 

correct). 

 

Three information are required to compute the required reactive power for a specific power 

factor improvement of a given load: 

 

 The Existing power factor: For various loads, the power factor of the installation or the load in 

question must be measured. It is also feasible to use the lowest value of the power factor 

calculated from the previous year's factors for more efficient capacitor size. 

 Load of the system or equipment to be corrected: the highest maximum demand, derived from 

the previous year's invoices, can be used as a load base value. Moreover, for a quick estimate, 

the total load installed can also be used. 

 The new desired power factor: In Morocco, if the power factor is less than 0.8, the pricing system 

imposes a penalty. The power factor should necessarily move towards 1 when the taxed power 

becomes higher than the subscribed power. 

𝑲𝑽𝑨𝑹 = 𝒌𝒘 (𝒕𝒂𝒏𝒈𝝋𝟏 − 𝒕𝒂𝒏𝒈𝝋𝟐) 
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5.2.6 Case of a real company electricity bill: 
 

 Analysis 

 
Let’s take the case of a real industry electricity bill and try to improve its power factor: The 

following is an excel table of an industry exceeded power, contract power, apparent power, 

power factor and active power: 

 

The objective of our analysis consists of finding the right capacitor to implement in order for 

us to achieve the wished power factor, which is 0.98, using equation 7. 

The current Phi factor, tang𝜑1, tang𝜑2 and the wished Phi are as follow: 
 
 

Phi 1 Tan (Phi 1) Phi 2 Tan (Phi 2) 

15,42 0,2758 11,478 0,203 

Table 9: Excel table of the current Phi factor, tang𝜑1, tang𝜑2 and the wished Phi 
 

 
Table 10: Excel table of an industry electricity bill 

 

 Discussion and results: 

 
After calculating the necessary reactive power (KVAR) of the capacitor of each month, we 

obtained the following results: 

 

 
Table 11: Excel table of the required reactive power of the capacitor each month 
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 Discussion and results 

The required capacitor is the maximum value of all the month. In order for this industry to have  a 

power factor of 0.98 or more it requires an implementation of a capacitor with 44.03 KVAR of 

reactive power. 

 

6.3. Optimization of the subscribed power: 

 

6.3.1. Definition: 

 
As it was said before, the subscribed power or the contract power is the power transmitted 

to an industry as specified in the transmission agreement with the electricity supplier. Exceeding 

or not using this last efficiently will lead to sever penalties fees. In order for a facility to save 

money and optimize its electricity consumption. This can be done by finding the right 

subscribed power that will cost the less. 

 

6.3.2. Case of a real company electricity bill: 

 
 Analysis: 

 
For our analysis, we used a real company electricity bill of a whole year, with the following 

contracted power and exceeded power: 

 
Table 12: Excel table of Contract power and exceeded power of a real industry 

 
Our analysis is simple, we added 5 KVA in the contract power, with calculating the changes in 

exceeded power of  the whole year then we calculated the fixed price of each change in the contract 

power. At the end we implemented the graph of the electricity cost vs the contact power to see 

what subscribed power cost the less. This last will be the optimized power of the industry. The 

fixed price was calculated using the following equation: 
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(8) 

 

(With PF the fixed price of 1 KVA/year and is equal to 449.67, PS the subscribed power and                 PA 

the apparent power). 

 

  

 
 

Table 13: optimization of the subscribed power excel analysis 
 

 

 
 

Table 14: Graph representation of cost optimization of the subscribed power
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 Discussion and results: 

 
From the graph we can clearly see that the electricity cost decreases until it reaches around 593 

KVA, this is our optimized contracted power with a monthly cost of 274000 MAD. With this 

optimization method, the monthly electricity cost of the industry went from 291273.7 MAD            with 

a 500 KVA contract power to 274000 MAD with a subscribed power of 593 KVA, which                 made 

the industry save 5.94% of its monthly electricity cost with a higher subscribed power. 

 

6.4. Load shifting: 

 

6.4.1. Definition: 

 
Load shifting is the process of moving electricity usage from one period to another, where 

the electricity cost is cheaper. The objective of load shifting is only reducing the bill price but 

not the electricity consumption. 

 

6.4.2 Case of a real company electricity bill: 

 
 Analysis: 

 
The following is the electricity bill used for our analysis: 

 
 

                                                                Original bill 

 Kwh MAD 

FH 1 344 485 908 603 

0H 1 000 088 453 740 

PH 616 572 612 996 

TOTAL 2 961 145 1 975 339 

Table 14: Excel table of the company original bill 

 
The objective of our analysis is to know how much money this industry can save, by shifting 

its working hours. First, we will start by shifting 10% of peak hours load to off- peak hours load 

and analyze its effect on the electricity bill. The following are the excel results obtained: 
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10% PH TO OH 

 Kwh MAD 

FH 1 344 485 908 603 

0H 1 061 745 481 714 

PH 554 915 551 696 

TOTAL 2 961 145 1 942 013 

Table 15: Excel result of shifting 10% of peak hours load to off-peak hours load. 

 
The second part of our analysis consist of shifting 5% of the new peak hours load to full hours 

load. The following are our excel results: 

 

5% PH to FH 

 Kwh MAD 

FH 1 372 231 927 354 

0H 1 061 745 481 714 

PH 527 169 524 111 

TOTAL 2 961 145 1 933 179 

Table 16: Excel result of shifting 5% of peak hours load to full hours load 

 
 Discussion: 

 
In the first part, after shifting 10% of peak hours load to off peak hours load, the total 

price of the bill decreased by 1.68%. In the second part of the analysis we shifted 5 % the new 

peak hours load to full hours load. In results, the total bill price decreased again by 0.44%. To 

conclude, after the two shifting, the industry electricity bill price decreased from 1 975 339 

MAD to 1 933 179 MAD with a gain of 42 160 MAD (2.17%). 
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IV. STEEPLE analysis: 
 

 
 

Category Factors 

 

 

Political and legal 

 Respect of policies, laws and regulations of energy efficiency in 

Morocco 

 Respect of policies, laws and regulations of electricity in Morocco 
 

 
 

 
 

 

 

Economical 

● Reduction of cost spent on lighting equipment 

● Reduction of cost spent on Electrical motors and drivers 

● Reduction of cost spent on Boilers 

● Reduction of cost spent on steam distribution 

 

 
           Social 

● Improve energy efficiency of industries 

● Reduce the energy expenditure of industries on Heating, lighting, 

boilers, electric motors and drivers, and steam distribution 

● Reduce electricity bill of industries 

 

 

 
Technological 

 
 

 

● Excel 

 
          Ethical 

● Protection of the environment 

● Improvement of social and economic life 
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   Environmental 

● Protection of the environment from greenhouse gases resulted from the 

increases usage of energy in the industrial sector 

● Decrease CO2 emissions from industries 

● Natural cooling and heating control 

● Natural ventilation 
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V. Conclusion: 
 

The rising levels of energy demand in the industrial sector resulting from socioeconomic 

development are one most important challenge in Morocco. This capstone aims to help 

industries to optimize their electricity consumption at the same time save money in their 

electricity bill. 

Throughout this capstone, we analyzed the electricity bill of a company, by understanding its 

main component and how they are calculated. From our analysis, we achieved that there is 3 

important ways in improvement of electricity consumption in an industry; first, the power factor 

correction that can save up to 25% of the electricity consumed. Second, the optimization of 

subscribed power, that can save approximately 6% of a facility electricity usage. Last, is the 

load shifting method which its main goal is the reduction of the electricity bill total price, and 

can save  approximately 3% in the electricity bill per year. 

To conclude, understanding how to save money on your bills requires knowledge of your 

electric pricing plan. The power factor, the subscribed power and the load hours are a significant 

influence of how efficiently you use energy and how much you pay in electricity bills. As a 

result, it is a significant contribution to operating costs and may be the cause of lower profit 

margins that you have been overlooking. Improving these 3 components of your electrical 

system can help an industry save a significant amount of money on electricity while also 

ensuring that it gets the most out of it. 

From this capstone, I was able to understand industries electricity bill and learn how I can help 

an industry save its electricity usage and electricity bill total price, using three important analysis. 
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