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Abstract

Energy is at the heart of most critical economic, environmental and developmental issues 
facing the world today. Clean, efficient, affordable and reliable energy services are indis-
pensable for global prosperity. Energy management and optimization solution can help 
reduce energy costs while improving mill operational performance. Therefore, the focus of 
this chapter is on energy-related issues and it discusses dedicated technological solutions 
to the growing global needs for sustainable development. In addition, there are a number 
of other issues, including the latest innovations in terms of clean energy in industry and 
infrastructure, and improving operational efficiency will be discussed in this chapter.

Keywords: green energy, clean energy, renewable energy, hybrid energy systems, 
energy management, optimization energy recovery

1. Introduction

Access to reliable, affordable and sustainable energy is essential for improving living standards, 
development and economic growth [1]. To overcome poverty and improve people health in 

developing country, it is essential to expand access to reliable and clean energy. In this way, 
they will be able to increase productivity and promoting economic growth. [2]. Challenges 

such as fuel shortages, high energy costs, global warming and environmental issues must drive 
policies that target more affordable and sustainable energy solutions [3]. In essence, one way 
to overcome poverty, promote health and educational services and enhance socioeconomic 

development is to ensure reliable, sustainable and affordable energy for everyone. Thus, by 
considering the mentioned issues, at first clean energy including geothermal energy, biogas 
and biomass, fuel cells, water-dependent energy, hydrogen energy, hybrid energy systems 
and in continuation, energy management and optimization are discussed in this chapter.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Clean energy

Today, the political and economic crises and other issues, such as the limitation of fossil 

fuels, environmental concerns, population congestion, economic growth, and consump-

tion rates, are all subjects of the inclusive world, which, with all its widespread impli-
cations, have led thinkers to find the right solutions for the proper resolution of world 

energy problems especially the environmental crisis, has been involved. Obviously, 
today, the economic and political backing of the countries depends on their productivity 
from fossil sources, and the depletion of fossil resources is not only a threat to the econo-

mies of the exporting countries, but also has created a major concern for the importing 
economies of the nations. Fortunately, most countries in the world have recognized the 
importance and role of various energy sources, especially renewable (new) energies, in 
meeting current and future needs, and broadly exploit these resourceful resources in the 
development of extensive research and fundamentals [4]. The global tendency toward the 
exploitation of renewable energy and environmental impacts requires that many orga-

nizations and centers interested in implementing projects in this field. Energy is a major 
requirement for the continuation of economic development and the comfort of human 
life. At present, world energy consumption is about 10 billion tons of crude per year, 
and it is expected that this figure will increase to 14 billion tons in 2020. These numbers 
indicate that the world’s energy consumption is huge in the future, and this important 

question is whether the sources of fossil fuels will meet the world’s energy needs for 
survival, evolution and development in the next century. For at least three main reasons, 

the answer to this question is negative and old resources should replace new sources of 
energy. These reasons include limitation of fossil fuels, combustion quality and environ-

mental problems.

Increasing the concentration of carbon dioxide in the atmosphere and its consequences 
has exposed the world with irreversible and discriminating changes. Increasing the tem-

perature of the earth, climate change, rising sea levels, and eventually intensifying interna-

tional conflicts are among the consequences. On the other hand, the impending end of fossil 
resources and the anticipation of rising prices encourage policy makers to propose policies 

for controlling the environment and researchers to develop less polluting and incendiary 

resources that have the potential to substitute for the current energy system. For this rea-

son, renewable energies take on a larger share of the global energy supply system. These 
resources provide the opportunity to respond simultaneously to both the basic form of 
fossil resources. Renewable energies are essentially adaptable to nature and do not have 
contamination, and since they are not renewable, there is no end to them. Other features 
of these resources such as their dispersal and their spread throughout the world, the need 

for lower technology, make renewable energy, especially for developing countries, more 
attractive, and therefore, in international programs and policies, the role of the United 
Nations in promoting sustainable global development has given a special role to renewable 
energy sources.
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2.1. The importance of clean energies

Today, new energies are rapidly expanding and penetrating in spite of the unknown, and 

neglecting it will be irreversible. Solar energy, wind, water, biomass, biogas, and geother-

mal energy are the main sources of clean energy. The conventional energies such as oil cuts, 

which is currently the main source of energy supplies in the world, have environmental and 

irreversible pollutants in the earth and space, such as increasing CO
2
, increasing ground tem-

peratures, melting ice poles, eliminating the ozone layer, and so on, so the human knowledge 
movement in the future should provide energy for the world toward the world’s energy sup-

ply of clean energy and its substitution with pollutants.

The occurrence of the three factors in 1995 has created a turning point for renewable energy, 
especially wind energy.

• First, climate change due to the accumulation of greenhouse gases in the atmosphere;

• Second, increased demand for energy from electricity worldwide;

• Third, suitable vision on renewable energies

It should be taken into account that, in fact, for every kilowatt-hour of electricity produced 
from renewable energy instead of coal, about 1 kg of CO

2
 will be prevented. So, for example, 

for every 1% of the energy used to be replaced by wind energy, about 13% of CO
2
 emis-

sions are reduced. In addition, the reduction of sulfur and nitrate oxides (acid rain agents) is 
another source of environmental energy sources.

2.2. Type of clean energies

Nowadays, importance of greenhouse gas emission encourages many industries to concen-

trate on clean and renewable energies. It grows rapidly these years and generates hundreds 
of billions in economic activity. Dominant focuses are on solar, wind, geothermal, bioenergy 
and nuclear energies. These are clean energy ensure sustainable development in countries. To 
continue, some of them are summarized.

2.2.1. Geothermal energy

Heat generated and stored in the earth is the origin of a clean energy named geothermal energy. 

Formation of the planet and radioactive decay of material generates the energy of earth’s crust. 

[4]. Temperature difference between core and surface of earth results in continues conduction of 
thermal energy from core to surface [5]. Temperature at core–mantle boundary may reach over 
4000°C (7200°F) [6].Some rocks melt and Solid mantle behave plasticity because of high tem-

perature and pressure inside earth and it is a suitable source of energy. The high temperature 
and pressure in Earth’s interior cause some rock to melt and solid mantle to behave plastically, 
resulting in portions of the mantle convicting upward since it is lighter than the surrounding 

rock. Rock and water is heated in the crust, sometimes up to 370°C (700°F) [7]. The Earth’s 
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geothermal resources are theoretically more than adequate to supply humanity’s energy needs, 
but only a very small fraction may be profitably exploited. Drilling and exploration for deep 
resources is very expensive. Geothermal energy comes in either vapor-dominated or liquid-
dominated forms. Larderello and The Geysers are vapor-dominated [8]. Vapor-dominated sites 

offer temperatures from 240 to 300°C that produce superheated steam (Figure 1).

Hot dry rock reservoirs are generally hot impermeable rocks at depths shallow enough to 
be accessible. Although hot dry rock resources are virtually unlimited in magnitude around 
the world, only those at shallow depths are currently economical. To extract heat from such 

formations, the rock must be fractured and a fluid circulation system developed. This is 
known as an enhanced geothermal system (EGS) [9]. The water is then heated by way of con-

duction as it passes through the fractures in the rock, thus becoming a hydrothermal fluid. 
Hydrothermal plants in the western states now provide about 2500 megawatts of constant, 
reliable electricity, which meets the residential power needs for a city of 6 million people. Over 
8000 megawatts are currently being produced worldwide. A variety of industries, including 
food processing, aquaculture farming, lumber drying, and greenhouse operations, now ben-

efit from direct geothermal heating. The technology used to convert geothermal energy into 
forms usable for human consumption can be categorized into four groups. The first three: dry 
steam, flash steam, and binary cycle, typically use the hydrothermal fluid, pressurized brine, 
or EGS resources to generate electricity. The fourth type, direct use, requires only hydro-

thermal fluid, typically at lower temperatures, for direct use in heating buildings and other 
structures [10]. The addition of a small-scale electric heat pump into the system allows the use 

of low-temperature geothermal energy in residences and commercial buildings. Geothermal 
heat is used directly, without involving a power plant or a heat pump, for a variety of applica-

tions such as space heating and cooling, food preparation, hot spring bathing and spas (bal-
neology), agriculture, aquaculture, greenhouses, and industrial processes. Uses for heating 
and bathing are traced back to ancient Roman times. Currently, geothermal is used for direct 
heating purposes at sites across the United States. U.S. installed capacity of direct use systems 
totals 470 MW or enough to heat 40,000 average-sized houses. Geothermal heat pumps take 
advantage of the Earth’s relatively constant temperature at depths of about 10 ft. to 300 ft. 
GHPs can be used almost everywhere in the world, as they do not share the requirements of 

Figure 1. Geothermal energy plant [12].
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fractured rock and water as are needed for a conventional geothermal reservoir. GHPs circu-

late water or other liquids through pipes buried in a continuous loop, either horizontally or 
vertically, under a landscaped area, parking lot, or any number of areas around the building. 
There are many advantages for geothermal energy. It is a renewable source of energy, and it is 
non-polluting and environment friendly. In addition, there is no wastage or generation of by-
products. Geothermal energy can be used directly. In ancient times, people used this source 
of energy for heating homes, cooking, and so on. The maintenance cost of geothermal power 

plants is very less, and geothermal power plants do not occupy too much space and thus help 

in protecting natural environment. It should be noted that unlike solar energy, it is not depen-

dent on the weather conditions. Beside these advantages, there are some disadvantages of 

geothermal energy. For example, only few sites have the potential of geothermal energy and 

most of the sites, where geothermal energy is produced, are far from markets or cities, where 

it needs to be consumed [11]. Total generation potential of this source is too small, and there 

is always a danger of eruption of volcano. In addition, installation cost of steam power plant is 
very high and there is no guarantee that the amount of energy, which is produced, will justify 
the capital expenditure and operation costs. Finally, it may release some harmful, poisonous 

gases that can escape through the holes drilled during construction (Figure 2).

Figure 2. Geothermal system [12]. (1: reservoir, 2: pump house, 3: heat exchanger, 4: turbine hall, 5: production well, 6: 
injection well, 7: hot water to district heating, 8: porous sediments, 9: observation well, 10: crystalline bedrock).
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2.2.2. Biogas

Biomass is considered the renewable energy source with the highest potential to contribute to 
the energy needs of modern society for both the industrialized and developing countries world-

wide. One way to get rid of waste is converting them to biogas. Biogas can be produced from raw 
materials such as agricultural waste, manure, municipal waste, plant material, sewage, green 

waste or food waste are raw materials for biogas production. This reaction takes place in the 
absence of oxygen. Process consists of four steps: first, raw material preparation; second, diges-

tion (fermentation), consisting of hydrolysis, acetogenesis, acidogenesis and methanogenesis; 
third, conversion of the biogas to renewable electricity and useful heat with cogeneration/com-

bined heat and power; and finally, digestate post-treatment. Methane (CH
4
) and carbon dioxide 

(CO
2
) may have small amounts of hydrogen sulfide (H

2
S), moisture and siloxanes are primarily 

biogas in second step. Then biogas can be combusted or oxidized with oxygen and the heat 
release from combustion is a kind of energy and use for any heating purpose. It can also be used 
in a gas engine to convert the energy in the gas into electricity and heat [13] (Figure 3) (Table 1).

Biogas can be compressed, the same way as natural gas is compressed to CNG, and used 
to power motor vehicles. Between 2009 and 2015, the number of biogas plants in Europe 
increased significantly from around 6000 to nearly 17,000 [18]. It has been estimated that 
global biomass use was around 50EJ (14000TWh) in 2010 and could more than double to 
around 100–150EJ by 203,037, of which 20-35EJ will be in Europe [15] In the UK, for example, 
biogas is estimated to have the potential to replace around 17% of vehicle fuel [16]. Biogas 

can be cleaned and upgraded to natural gas standards, when it becomes bio-methane. Biogas 
is considered a renewable resource because its production-and-use cycle is continuous, and 
it generates no net carbon dioxide. Organic material grows, is converted and used and then 
regrows in a continually repeating cycle. It should be noted that as less carbon is released 
when the biomass is ultimately converted to energy as carbon dioxide is absorbed from the 
atmosphere in the growth of the primary bio-resource, therefore overall carbon emission 
decreases. Biogas, with the ability to control timing of generation, will provide a useful low 
carbon complement to intermittent renewable power generation from wind and solar [17].

Figure 3. Schematic of biogas plant [12].
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2.2.3. Fuel cell

A fuel cell is a device that generates electricity by a chemical reaction. Every fuel cell has two 
electrodes called, respectively, the anode and cathode. The reactions that produce electricity take 

place at the electrodes. In addition, there is a media called electrolyte that transfer charged par-

ticles (proton exchange membrane) from one electrode to the other and a catalyst, which speeds 
the reactions at the electrodes. Fuel cells also require oxygen. First developed by William Grove in 
1839, Grove was experimenting on electrolysis (the process by which water is split into hydrogen 
and oxygen by an electric current), when he observed that combining the same elements could 
also produce an electric current 1930s–1950s Francis Thomas Bacon, a British scientist, worked 
on developing alkaline fuel cells. He demonstrated a working stack in 1958. The technology was 

licensed to Pratt and Whitney where it was utilized for the Apollo spacecraft fuel cells. One great 
appeal of fuel cells is that they generate electricity with very little pollution because much of 
hydrogen and oxygen ultimately combine to produce water. The electricity produced in this way 
is direct in the cell. If alternating current (AC) is needed, the DC output of the fuel cell must be 
routed through an inverter. Fuel cells are used for primary and backup power for commercial, 
industrial and residential buildings and in remote or inaccessible areas. They are also used to 
power fuel cell vehicles, including forklifts, automobiles, busses, boats, motorcycles and subma-

rines. There are six fuel cell technologies. Polymeric electrolyte membrane fuel cells (PEMFC), 
direct methanol fuel cells (DMFC), alkaline fuel cells (AFC), phosphoric acid fuel cell (PAFC), 
molten carbonate fuel cell (MCFC), solid oxide fuel cell (SOFC).each of them has their own 
advantages and disadvantages [18]. Future development of each type will depend on them [18].

Fuel cells have three main applications so far. Transportation applications, portable electronic 
equipment and combined heat and power systems [19]. As compared with conventional fos-

sil fuel propelled electric generators, the use of fuel cells had many advantages. Some are 

Compound Biogas from anaerobic fermentation Natural gas

Methane 50–85% 83–98%

Carbon dioxide 15–50% 0–1.4%

Nitrogen 0–1% 0.6-2.7%

Hydrogen traces —

Hydrogen sulfide Up to 4000 ppmv —

Oxygen 0–0.5 —

Ammonia trances —

Ethane — Up to 11%

Propane — Up to 3%

Siloxane 0–5 mg/m3 —

Wobbe Index 4.6–9.1 11.3–15.4%

Table 1. Typical composition of biogas [14].
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higher volumetric and gravimetric efficiency, low chemical, acoustic, and thermal emissions 
and maintenance, modularity and siting flexibility. Also this type of fuel is flexible depend-

ing on its type. Finally, most important advantage of fuel cells is that it has no pollution [20]. 

Some limitations should overcome to increase fuel cell application. Fuelling fuel cells is still a 
major problem since the production, transportation, distribution and storage of hydrogen are 
difficult. Moreover, reforming hydrocarbons via a former to produce hydrogen is technically 
challenging and not clearly environmentally friendly. The refueling and starting time of fuel 

cell, vehicles are longer and the driving range is shorter than in a “normal car.” Fuel cell units 

are still handmade; therefore, it is so expensive (Figure 4).

2.2.4. Hydrogen energy

Hydrogen energy makes many world dreams comes true like no chimney for stove, so clean 

fuel vehicles that exhaust water or an energy storage device that does not cause pollution 

and does not produce greenhouse gas, acid rain and chemical corrosion effects, and does not 
smoke, it does not have any radioactive waste, and in practice it does not use any natural fuel 

source. Hydrogen and fuel cells are seen by many as key solutions for the twenty-first cen-

tury, enabling clean efficient production of power and heat from a range of primary energy 
sources [21]. Hydrogen is not a primary energy source like coal and gas. It is an energy 
carrier. Initially, it will be produced using existing energy systems based on different con-

ventional primary energy carriers and sources. In the longer term, renewable energy sources 
will become the most important source for the production of hydrogen. Regenerative hydro-

gen, and hydrogen produced from nuclear sources and fossil-based energy conversion sys-

tems with capture, and safe storage (sequestration) of CO2 emissions, are almost completely 
carbon-free energy pathways. Like other clean energies, advantages and disadvantages of 
hydrogen energy should be considered. High energy yield (122 kJ/g), production from many 
primary energy sources, low density (large storage areas), most abundant element, wide 
flammability range (hydrogen engines operated on lean mixtures), high diffusivity, water 

Figure 4. A block diagram of a fuel cell [13].
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vapor as major oxidation product are main advantages. Beside these, hydrogen does not 
found free in nature and its ignition energy is low (similar to gasoline) and is currently 
expensive [22]. Hydrogen storage and transport is a critical issue involving intense research. 

Potential hydrogen delivery systems include compressed tube trailers, liquid storage tank 
trucks, and compressed gas pipelines, and they have high capital costs [22].

2.2.5. Hybrid energy systems

Hybrid power systems combine two or more energy conversion devices, or two or more fuels 
for the same device, that when integrated, overcome limitations inherent in either. Hybrid 
systems can address limitations in terms of fuel flexibility, efficiency, reliability, emissions 
and/or economics. A hybrid program can create market opportunities for emerging technolo-

gies before they are mature. Incorporating heat, power, and highly efficient devices (fuel cells, 
advanced materials, cooling systems, etc.) can increase overall efficiency and conserve energy 
for a hybrid system when compared with individual technologies. For implementation of 
hybrid energy system, it is essential to follow determined methodology [23]. In the methodol-
ogy demand assessment, resource assessment and determination of barriers and constraints 
should be done that is fulfilled by hybrid renewable energy system. This can be done by com-

bining one or more renewable energy sources with conventional energy sources. Some hybrid 
renewable system configurations are as follows:

• PV/Wind/diesel generator

• PV/wind/fuel cell

• Wind/battery

• Biomass/wind/diesel generator

• PV/Wind/Biomass/fuel cell

Once the system configuration is selected, optimization is performed with suitable optimiza-

tion technique [24]. Though a hybrid system has a bundle of advantages, there are some issues 
and problems related to hybrid systems have to be addressed. Most of hybrid systems require 
storage devices which batteries are mostly used. These batteries require continues monitor-

ing and increase the cost, as the batteries life is limited to a few years. It is reported that the 
battery lifetime should increase to around years for the economic use in hybrid systems. Due 
to dependence of renewable sources involved in the hybrid system on weather results in the 
load sharing between the different sources employed for power generation, the optimum 
power dispatch, and the determination of cost per unit generation are not easy. The reliability 
of power can be ensured by incorporating weather independent sources like diesel generator 
or fuel cell. As the power generation from different sources of a hybrid system is comparable, 
a sudden change in the output power from any of the sources or a sudden change in the load 

can affect the system stability significantly. Individual sources of the hybrid systems have to 
be operated at a point that gives the most efficient generation. In fact, this may not be occur-

ring due to that the load sharing is often not linked to the capacity or ratings of the sources. 
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Several factors decide load sharing like reliability of the source, economy of use, switching 
require between the sources, availability of fuel etc. Therefore, it is desired to evaluate the 
schemes to increase the efficiency to as high level as possible [25] (Figure 5).

3. Clean energy management

According to DIN EN 16001 or ISO 50001 definition, the ratio between achieved performance 
or the profits from services, goods or energy, and the energy used to achieve this is energy effi-

ciency and based on DIN 4602, energy management is the predictive, organized and systematic 
coordination of the procurement, conversion, distribution and use of energy to cover require-

ments while taking account of ecological and economic aims. The term thus describes actions for 
the purpose of efficient energy handling. [26] Energy management and optimization solutions 
can help reduce energy costs. Energy use of buildings presents 40% of the total primary energy 
consumption in the United States [27]. Often, this energy is consumed inefficiently. Most of 
the problems predominantly arise from building technical operation and energy management. 
A study on commercial buildings has found that 50% of the buildings have control problems. 
Savings of up to 77% have been achieved by correction of control problems [28]. For optimi-

zation energy use, there should be a planning and scheduling. Real-time data form monitor-

ing systems and production planning are necessary for scheduling. This information coupled 

with price and availability information from energy markets used to optimize power genera-

tion plant [29]. Significant challenges arise from the increasing connection of variable renew-

able energy generation. Despite their long-term benefits in terms of sustainability, renewable 
resources such as solar and wind powers are not only highly variable but also partially unpre-

dictable. They, therefore, present operational challenges in assessing and mitigating risk, includ-

ing issues of imbalance between generation and demand and network constraints. Additionally, 
there is longer term uncertainty over the technology costs and environmental policies associated 

with renewable generation, among other factors. These uncertainties at various time scales may 
imply the need for significant investment in new, more flexible ‘smart grid’ technologies capable 
of adaptation to a range of future scenarios. As laid out in [30], examples are:

Figure 5. Block diagram of a PV/wind hybrid energy system [12].
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• Controllable distributed energy assets including storage;

• More flexible transmission systems;

• Corrective control following network outages;

• Wide area monitoring and control equipment and communications;

• Controllable demand and the active participation of end users in, for example, system 
balancing and congestion management [30]. Beside all software and methodology to 

manage energy consumption, ISO 50001 is a sustainable business tool that helps or-

ganizations implements a flexible and robust energy management system (EMS). Ef-
fective energy management is not just good for business; it is also becoming a require-

ment. ISO 50001 will help organization understand how they are using various types 
of energy and identify realistic ways of reducing consumption, emissions and costs. 

The international standard outlines energy management practices that not only save 

the organization money today, but also in the long term; all while helping shield the 
bottom line from the increasing cost of energy. ISO 50001 also shows the commitment 
to reducing environmental impact which can help the businesses stand out from their 
competition. For implementing ISO 50001, first, management responsibility should be 
determined. After that, energy review should be done to identify baselines. Perfor-

mance indicators will be used to evaluate how successfully the EMS is operating. In the 
next step, specific guidance on what needs to be communicated to whom as an EMS is 
being planned, implemented, maintained or improved. Documentation is essential for 
EMS and supporting information such as energy consumption bills. Non-conformities 
are identified via the audit process as the non-fulfillment of a requirement of the stan-

dard; corrective actions are what the actions an organization must take in order to 
fulfill the requirement. Finally, management review should be done to evaluate the 
progress and achievements of the EMS.

4. Conclusion

The untapped use of one-dimensional energy sources such as oil in the world will defi-

nitely cause irreparable international damage to future generations in the not-so-distant 
future. The main objective of the evaluation and review of renewable sources is to find a 
suitable and cheaper place for consumable resources. The focus of this concern is between 
2000 and 2020. Therefore, consideration of the environmental effects of the use of renew-

able energies is obvious and vital. Fortunately, the use of renewable energy sources has a 
much lower environmental impact than fossil fuels. Therefore, the recognition of the nature 

and process of formation and the interaction necessary for the exploitation of renewable 
energy sources should be the first priority. Each of these sources varies according to the 
type of energy and climatic conditions. Therefore, attention to this important point of use 
in which of the above fields is easier and economically more economical is one of the most 
important prerequisites for using these resources and the necessity of prioritizing the type 
of renewable resources is selected.
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