Unit 1 Energy and its various forms

1.1 Objectives
· Commercial and Non-commercial energy, primary energy resources, commercial 
energy production   

· Energy pricing, energy security, energy conservation and its importance

· Electricity tariff, load management and maximum demand control
· Thermal energy contents of fuel, heat capacity, sensible and latent heat, heat 
transfer

· Stochiometric air-fuel ratio, Flue gas analysis

1.2 Introduction


The Oxford dictionary defines the word energy as “power derived from the utilization of physical or chemical resources, especially to provide light and heat or to work machines”. In the present world scenario, energy production is one of the foremost parameters to measure a country’s state of development. This is because the basic activities for a country’s development such as rise in industrialization, increase in domestic production, improvement of standard of living and upliftment of the economy are all intricately connected to energy. Moreover, the threat to the environment by conventional fuels and the diminishing natural energy resources is a point of extreme concern at present. Thus, energy and its studies have become highly important in light of this current scenario.
1.3 Classification of Energy



Energy can be classified into different types depending on various bases:

1. On the basis of availability, i.e. whether it is directly obtained from nature or 
derived from conversion of natural sources. The former is called Primary energy 
resources, which means they are found existing in the environment in natural 
form, for example coal, crude oil, etc.  Whereas the latter is termed Secondary 
energy resources and they are obtained by further processing of primary energy 
sources, for example petrol, diesel, thermal energy, electricity.

2. On the basis of commercial utilization, energy is classified into Commercial 
energy and Non-commercial energy. Commercial energy is that which has a 
financial value and is commercially available in the market. Some examples of 
commercial energy are petroleum, coal, nuclear fuel, etc. Non-commercial energy 
is generally obtained free of cost by traditional gathering or occurrence in 
abundance in nature. Those fuels which are traditionally collected in rural areas 
without incurring any costs are called traditional fuels and these include firewood, 
cattle dung, agricultural residues, etc. Again, there are certain non-commercial 
energy sources which are widely available in the environment and can be utilized 
for free, for example solar radiation, wind energy, etc.


3. On basis of ability to replenish or renew, energy sources can be divided into 
Renewable energy and Non-renewable energy. Renewable energy sources are 
those which do not get exhausted on use and are self-replenishing by natural 
means. Examples of renewable resources are hydro power, solar energy, wind 
energy, etc. The importance of renewable energy utilization lies in fact that it is 
sustainable and causes no harm to the environment. On the other hand, non-
renewable energy resources are those which are likely to be diminished with use. 
They are generally the fossil fuels obtained from the environment like coal, crude 
oil, natural gas etc.








(Source: BEE Guide book)
1.4 Primary energy resources, Commercial energy production   
1.4.1 Global Scenario of primary energy resources

Crude Oil



The total proven crude oil reserve world-wide by the end of 2011 was 
estimated to be 1652.6 thousand million barrels as compared to 1622.1 thousand 
million barrels by the end of 2010. Though the global overall reserve was seen to 
increase with discovery of newer oilfields, in most of the countries the proven oil 
reserve showed a decreasing trend. If it is considered that no further oil reserves 
are discovered and global production rate is continued at the current rate, then the 
oil reserve would last for another 50 years only which is highly alarming.



Natural gas


Natural gas is also an important primary energy resource with utilization for 
power generation and thermal needs in industries. By the end of 2011, the global 
natural gas reserve stands at 208.4 trillion cubic metres, with Russia and Iran 
having the largest shares of the total with 21.4% and 15.9% respectively. The 
world-wide natural gas estimate by the end of 2011 was 196.1 trillion cubic 
metres. 

Coal



Coal is the solid fossil fuel which is most abundantly available on the earth’s 
crust. The global coal reserve by 2011 data is estimated to be 860938 million 
tonnes with United States and Russia having the largest reserve capacities of 
27.6% and 18.2% of total respectively. The current world reserve of coal with the 
current rate of utilization is expected to last just over 110 years.




(Source: BP Statistical Review of World Energy, June 2012)
1.4.2 Indian scenario of primary energy resources

Crude oil


As per 2010 data, the estimated crude oil reserve of India is 1206 million 
metric tonnes. By geographical distribution, maximum reserves are found in the 
Western Offshore region (46%) followed by Assam (23%). In comparison to the 
2009 data, the country’s proven oil reserve showed an increase of 56% with the 
highest increase in the states of Tamil Nadu (85.3%) and Gujarat (73.3%).

Natural Gas



The natural gas reserve of India according to 2010 records stood at 1453 
billion cubic metres which is an increase of around 30% over 2009 data, with 
maximum contribution to the increase by Tamil Nadu (139%) and Andhra 
Pradesh (75%). Location-wise, the Western Offshore and the Eastern Offshore 
contribute largely to the total with 40% and 29% respectively.


Coal 


India has the fourth largest reserves of coal in the world. The total Indian coal 
reserve as per 2010 estimation is 277 billion tonnes whereas the lignite (lower 
ranked coal) reserve is estimated to be around 40 billion tonnes. The states of 
Jharkhand, Orissa, Chhattisgarh, West Bengal, Andhra Pradesh, Maharashtra and 
Madhya Pradesh account for more than 99% of the total coal reserves in the 
country. About 80% of India’s lignite reserve is found in the state of Tamil Nadu.




(Source: Energy Statistics 2011, MOSPI, Govt. of India)

1.4.3 Commercial energy production


By the end of 2011, the global oil production stood at 83576 thousand barrels per day with Saudi Arabia and Russian Federation having the largest shares of production with 13.2% and 12.8% respectively. In comparison, India’s production was estimated to be 858 thousand barrels per day which constitutes only around 1% of total global production. The 2011 end data states a global daily consumption of commercial oil of 88034 thousand barrels, also taking into consideration ethanol and biodiesel along with petroleum fuels. The United States and China are the highest consumers with shares of around 20.5% and 11.4% of daily global consumption respectively. India’s consumption stood at an estimated 3473 thousand barrels daily which is roughly 4% of total.


In terms of natural gas, the global production for the year 2011 was 3276.2 billion cubic metres with the United States and the Russian Federation being the largest producers with 20% and 18.5% of total global production respectively. While the total global consumption of natural gas stood at 3222.9 billion cubic metres at the year end of 2011, with the United States and Russian again being the largest consumers with 21.5% and 13.2% of total respectively. In this context, India’s natural gas production for the year 2011 was 46.1 billion cubic metres while its consumption was 61.1 billion cubic metres.


The world-wide coal production according to the 2011 data was a total of 3955.5 million tonnes of oil equivalent (Mtoe) with China alone producing nearing 50% of the total. The global consumption for the same year stood at 3724.3 Mtoe with China consuming the highest amount of coal followed by the United States. India produced 222.4 Mtoe of coal in that year while its year-end consumption stood at 295.6 Mtoe. 




(Source: BP Statistical Review of World Energy, June 2012)



From the above discussion, it is evident that India falls short to meet its domestic demands of all the major forms of commercial energy (Crude oil, natural gas, coal) as the production is lower than consumption. So, huge expenditures have to be made each year to import the fuels to reach the requisite level of consumption.
1.5 Energy pricing, energy security, energy conservation and its importance
1.5.1 Energy pricing in India


Although it is considered that energy prices play an important role in the macroeconomic scene of any country in the long-run, it was only after the oil shock of 1973 that the energy pricing policies were given their due priorities even in the short-run. In India, the production and pricing of all the three major forms of commercial energy, i.e. oil, coal and electricity is controlled by the government.



(Source: Energy Pricing in India: Perspective, Issues, and Options)

Coal Pricing


The coal production, pricing and distribution are regulated by Coal India Ltd. 
which is a Government of India undertaking. The grade-wise basic pricing of coal 
at pithead excluding the statutory levies for run-of-mine coal is fixed time to time 
by the organisation. The price of pithead Indian coal compares suitably with 
imported coals; however the imported coals are more preferred by the industries 
owing to their higher calorific value and lower ash content.








(Source: BEE Guide book)


Oil Pricing



Given the significance of India as one of the largest crude consumers, it is 
important to understand and analyse the pricing and regulatory regime governing 
India’s petroleum sector. Petroleum product pricing has a huge impact on the 
health of India’s national budget and on India’s macroeconomic stability as a 
whole. The emergence of world-competitive private-sector refined product export 
industry (e.g. Reliance, Essar) in India has the potential to add significant depth 
and diversity to global and regional markets for refined products, especially in 
South-east Asia. In April 2002 India abolished the Administrative Pricing 
Mechanism (APM) controlling the domestic price of petroleum products in India 
and product prices were directly administered by Indian Central Government. This 
managed to bring some amount of stability to the oil prices in the post-APM 
period. However the global oil market and the low currency value in current times 
has put tremendous pressure on the Indian economy and industry, and as a result 
oil prices have been seen to increase exponentially.





(Source: Petroleum prices, subsidies and taxation in India, IEA) 



Natural Gas Pricing


The government has been the sole authority for fixing the price of natural gas 
in the country. It has also been taking decisions on the allocation of gas to various 
competing consumers. The gas prices vary from Rs 5 to Rs.15 per cubic metre.


Electricity Pricing


The electricity pricing in India is governed centrally by the Central Electricity 
Regulatory Commission (CERC) set up by the enactment of Electricity 
Regulatory Commission Legislation, along with state-level governance by state 
regulatory bodies and state electricity boards. The electricity pricing mechanism 
in India has been discussed in detail in the section of “Electricity Tariff” later in 
the chapter.
1.5.2 Energy Security



Supply of energy is important for a country’s development, but it is more important to have continuous supply of energy over a prolonged period without any dependence on imports. Sustainability in energy is the key for a sustainable development. Availability of energy with required quality of supply is not only key to sustainable development, but the commercial energy also have a parallel impact and influence on the quality of service in the fields of education, health and, in fact, even food security. In the last decade India has been one of the most developing countries of the world with an average GDP growth of around 6% and around 8% in last couple of years. With the growing GDP of 8%, India is moving parallel to China in terms of development, but the energy consumption is catching up as well. But the country is finding it increasingly difficult to source all the oil, natural gas, and electricity it needs to run its booming factories, fuel its cars, and light up its homes. According to a report by IEA (International Energy Agency), India needs to invest a total of 800 billion dollars in various stages by 2030 to meet its energy demand. India accounts to around 2.4% of the annual world energy production, but on the other hand consumes 3.3% of the annual world energy supply.



According to Integrated Energy Policy, for a 9% growth over a sustained period, imports of crude oil in 2031-32 may be between 362-520 million tonnes with import dependence of 91%-94%. For natural gas, it may be 25-135 (Mtoe), which means an import dependence of 20%-57% of supply. Coal imports may be between 300- 736 (Mtoe), which may be an import dependence of 34%-57%. Total import dependence may be 58%-67%, as against the current level of 25%, with imports estimated at the higher end at 1,382 (Mtoe) and total energy consumption at 2,077 (Mtoe). In India, there was hardly any investments in the activities of exploration and production in past two decades. There are small oil fields that are been explored which can barely fulfil our oil demand. In the coal sector, there has been 208 coal blocks been awarded to various companies, but activities are yet to start in around 100 blocks. Natural Gas is nowadays the measure issue as around a dozen gas-based plants are coming up in India. The threat of energy security not only arises from the lack of supply, but also due to the uncertainty of availability of imported energy. The major part of crude oil is been imported and there are hardly any steps taken for its storage. During the economic crisis, India may suffer from shortfall of crude oil for refining and will eventually purchase it at higher prices leading to decline in country’s economy.



India has a major part of the population in the rural areas. Out of these, there were around 125000 villages that had no mark of electricity. Village electrification level India as on 2008 was 85.2%. Our country is already suffering from electricity deficit and fuelling this concern is the hurdle of T & D losses. India has an installed capacity of 167200 MW (Data from Ministry of Power, as on 31 Oct 2010), but during transmission it suffers around 30% of the losses. India is been gifted with diversified renewable potential, but it has not been successful in utilising its resources at the optimum levels. The nation has a potential of around 45000 MW from Wind Power, close to 15000 MW from Small Hydro, 16000 MW from Biomass and can produce 20 MW/sq km of Solar Power. But out of the above numbers, only 30% of the renewable potential have been utilised. The electricity generation mix in India comprise of around 10% of the renewable.



Importance of energy efficiency and energy conservation has clearly come out from the various supply scenarios and is again supported by rising energy tariffs. The concept of efficiency can be applied in energy extraction, transportation, conversion, as well as in consumption. Further, the same level of service can be provided by alternate means that require less energy. The major areas where it can make a substantial impact are mining, electricity generation, electricity transmission, electricity distribution, transport equipment pumping water, industrial production and processes, mass transport, building design, construction, lighting and household appliances, heating ventilation and air conditioning.


Energy Security in India is the dream of the 21st century for the nation. Implementation of necessary corrective policies will definitely move India an inch closer to achieve the dream. Huge financial investment especially in the energy sector is the need of the hour. CDM activities are equally important to sustain the concept of energy security. The new era of renewable sources will play a vital role in the nation’s target to be energy secured.


(Source: Energy Security in India, Harsh Kanani, http://greatlakes.edu.in)
1.5.3 Energy conservation and its importance



Energy conservation means restricted or diminished consumption of energy resources in bid to save for the future. Energy conservation is achieved when growth of energy consumption is reduced, measured in physical terms. Energy conservation can therefore be the result of several processes or developments, such as productivity increase or technological progress. The concept of energy conservation is related to energy efficiency, but there lies some difference. Energy efficiency is achieved when the energy consumption is reduced in some production process or a certain product without affecting the normal effectiveness or utility of the product or process. For example, a 15 watt compact CFL lamp produces the same amount of illumination as a 60 watt incandescent bulb. So, using the CFL lamp would be more energy efficient as compared to the incandescent bulb. 


The importance of energy conservation lies in the fact that the fossil fuels are depleting fast with around 85% of the total global energy needs still being supplied by fossil fuels. These fossil fuel resources which had taken millions of years for their formation have been already depleted by around 60% in the last two hundred years owing to the indiscriminate usage by mankind. The rapid diminution of these fuels with increasing consumption may lead to their complete extinction with nothing left for the future generations. Moreover concerns relating to the emissions with usage of fossil fuels give additional importance to energy conservation.  


The Indian Government had passed the Energy Conservation Act in 2001 for addressing the current problems of energy utilization. The details of this act have been discussed later in Unit 2 to be followed.








(Source: BEE Guide book)
1.6 Electricity tariff, load management and maximum demand control
1.6.1 Electricity tariff



Electricity consumption pricing mechanism is called electricity tariff. In India, the high-tension consumers which are basically the industries are charged on the basis of both their demand (kVA) and usage (kWh), whereas the low tension consumers (domestic users) pays only for the energy consumed (kWh). Moreover industrial consumers are given incentives or levied taxes on basis of their power factor. The price per kWh varies significantly across States as well as customer segments within a State. Tariffs in India have been modified to consider the time of usage and voltage level of supply. In addition to the base tariffs, some State Electricity Boards have additional recovery from customers in form of fuel surcharges, electricity duties and taxes. The energy pricing mechanisms of different states being different, however the average charges per kVA for industrial consumers ranges around 150 to 300 ` while the energy consumed charges may vary from 2 to 5 ` per kWh. The electricity tariffs are adjusted time-to-time, but there is no regular mechanism for such adjustments and the decision to revise tariff is still political. 








(Source: BEE Guide book)

1.6.2 Load management



Load management is the process of balancing the available electrical power at the consumer end by controlling the different loads for efficient utilization of the resources and reducing operating costs. In other words, it can be defined as any action taken by the customer and/or the electricity supplier to change the load profile in order to gain from reduced total system peak load, increased load factor and improved utilisation of valuable resources like fuels or generation, transmission and distribution capacity. Load management initiatives are usually instigated by the utilities’ need to smooth the system load curve avoiding extra loading during peak hours and in this way, delay or avoid the installation of extra capacity. Load management allows utilities to reduce demand for electricity during peak usage times, which can, in turn, reduce costs by eliminating the need for peaking power plants. In addition, peaking power plants also often require hours to bring on-line, presenting challenges should a plant go off-line unexpectedly. Load management can also help reduce harmful emission, since peaking plants or backup generators are often dirtier and less efficient than base load power plants.

(Source: Electric Load Management in Industry, http://www.leonardo-energy.org)
1.6.3 Maximum demand control 


Maximum demand is the highest energy demand (in kVA) which is recorded in the energy consumption meter during a demand interval within the month. The demand interval is a randomly taken short interval which may be of 15 to 30 minutes, even up to 1 hour. In India the maximum demand cycle is of 30 min and the instant values of the load is said to be integrated for the 30 min period. The clocked highest integrated Maximum demand is considered for billing by the energy suppliers. The purpose of controlling the demand is not to exceed the contracted maximum demand limit. One way to do this is to shed non-critical loads. Possible non-critical loads can be monitored and managed by using maximum demand control systems. 








(Source: BEE Guide book)
1.7 Thermal energy contents of fuel, heat capacity, sensible and latent heat, heat transfer

1.7.1 Thermal energy contents of fuel



Thermal energy content of a specific fuel is given by its calorific value or heating value. This energy content is measured by burning a unit quantity of fuel and measuring the heat liberated. The instrument used for measuring the calorific value of a fuel is called Calorimeter. The energy content of a fuel can be measured in a Calorimeter by burning completely a known quantity of the fuel inside the sealed and insulated device to prevent heat loss and the corresponding temperature rise inside the device due to combustion is recorded. The calorific value of substances is measured in units of kcal/kg or MJ/kg. The calorific value of a fuel can be expressed in two ways:

i. Gross calorific value (GCV) or higher heating value (HHV):



It is the amount of heat liberated by complete combustion of a unit quantity of a fuel and the water evolved during combustion being in liquid state.

ii. Net calorific value (NCV) or lower heating value (LHV):



It is the quantity of heat evolved when a unit quantity of fuel is burnt incompletely and the water obtained from the combustion is in vapour state.



From the above definitions of GCV and NCV, it should be clear that the GCV is greater than the NCV by an amount equal to the heat of vaporization of water which is evolved during the combustion of the fuel due to its hydrogen content. 







(Source: Fuels and Combustion, Samir Sarkar)
1.7.2 Heat capacity



Heat capacity of a substance is the amount of heat required to raise its temperature by one degree. The heat capacity of a substance is a physical property which is better described by the specific heat. Specific heat of a substance is defined as the quantity of heat required to raise the temperature of 1 kg of the substance by 1oC. The specific heats of some common substances are given in the Table 1.1 below.
	Table 1.1: Specific heat of some common substances

	Substance
	Specific Heat (Joules/kg oC)

	Lead
	130

	Mercury
	140

	Brass
	380

	Copper
	390

	Iron
	470

	Glass
	670

	Aluminium
	910

	Rubber
	1890

	Ice
	2100

	Alcohol
	2400

	Water
	4200










(Source: BEE Guide book)


From Table 1.1, it is seen that water has a high value of specific heat in comparison with other substances. This implies that water absorbs a lot of heat to increase its temperature and also, releases a high amount of heat when it is cooled.
1.7.3 Sensible and latent heat

Sensible heat


It is the heat when supplied to a substance raises its temperature and when 
taken away from the substance results in temperature decrease. Thus temperature 
change occurs with addition or subtraction of sensible heat. The sensible heat 
applied to a substance can be given by the equation as follows


Q = m Cp ΔT ,

where
Q → Sensible heat (in J)






m → Mass of the substance (in kg)







Cp → Specific heat of the substance (in J/kg K)







ΔT → Temperature increase (in K)


Latent heat


The latent heat is the amount of heat transfer required to cause a phase change 
in unit mass of a substance at constant pressure and temperature. On the basis of 
the type of phase change, there are three types of latent heat.

Latent heat of fusion



It is the amount of heat transferred to melt a unit mass of solid into liquid, or 
to freeze a unit mass of liquid to solid. 

Latent heat of vaporization



It is the quantity of heat required to vaporize unit mass of liquid into vapour, 
or condense unit mass of vapour into liquid.


 Latent heat of sublimation


In case of certain substances, the solid state on heating directly changes into 
vapour state or the vapour state on cooling directly changes into solid without 
going through the liquid phase. In such substances, the latent heat for the phase 
change is called latent heat of sublimation. 





(Source: Engineering Thermodynamics, P.K. Nag)

[image: image1.png]0

temperature '
)
"

‘heat absorbed




Fig 1.1: Addition of sensible heat and latent heat to water


The concept of latent heat and sensible heat becomes clear when we consider the case of heating of ice at –40oC to steam at 140oC as shown in fig 1.1  above. When ice is started to be heated at –40oC, it is sensible heating that is taking place which results in the increase of temperature to 0oC. At 0oC, ice starts to melt with further heating but without any increase of temperature. This heat is then the latent heat of fusion and the temperature remains constant until whole of the ice is converted to water. Again, sensible heating takes place after the phase change resulting in temperature increase from 0oC to 100oC. Once the water starts boiling at 100oC, it starts changing phase from liquid to vapour drawing the latent heat of vaporization at constant temperature. When whole of the water has been converted to steam, again sensible heating takes place with increase in steam temperature from 100oC to 140oC.
1.7.4 Heat Transfer


Heat transfer is the study of the exchange of thermal energy through a body or across boundaries which occurs when there is a temperature difference. Heat always flows from a region at higher temperature to a region of lower temperature. The quantity of energy transferred is measured in Joules and the rate of energy transfer or heat transfer is measured in Joules/sec or Watts. There are three basic modes of heat transfer which are discussed below.

Conduction



Heat transfers in solids generally occur by conduction. Conduction occurs by 
two mechanisms: drift of free electrons and molecular interaction by lattice 
vibration.  The conduction in metals is mainly due to free electrons transfer while 
that in case of non-metals occur mostly due to molecular vibrations. The amount 
of heat transferred by conduction depends upon the temperature difference, 
thermal properties of the material involved, thickness of the material, surface 
contact area, and the duration of the transfer. The physical representation of heat 
transfer by conduction is given by Fourier’s Law as follows.


Q = – kA(dT/dx), 
where Q → Rate of heat transfer (in Watt)





k → Thermal conductivity of the material (W/mK)






A → Surface area perpendicular to direction of heat 




flow (in m2)






dT/dx → Temperature gradient (K/m)



The thermal conductivity (k) of a material is an important physical property 
which describes its ability to conduct heat. Generally, metals have higher values 
of ‘k’ as the molecules are densely packed and also, free electrons are present 
which aid conduction. Hence, they are called good conductors of heat. Materials 
having low ‘k’ values are called bad conductors or insulators.

Convection



Heat transfer by the mode of convection occurs in fluids, i.e. liquids and gases. 
There are two types of convection, namely natural and forced convection. Natural 
convection is said to occur when fluid motion is set up by buoyancy effects 
resulting from temperature difference in the fluid. That is when the liquid adjacent 
to a surface at high temperature gets heated and density is lowered due to 
expansion, as a result of which it rises. This whole process is repeated causing a 
circulating motion of the fluid past the surface transferring heat from it. In case of 
forced convection, the heat transfer occurs with fluid motion being artificially 
created by means of external agency like fans, blowers, pumps, etc.



The expression for convection heat transfer is given by Newton’s Law of 
cooling as follows.

Q = h A ΔT,
where Q → Rate of heat transfer (in Watt)





h → Heat transfer coefficient (in W/m2K)





A → Surface area for heat transfer (in m2)





ΔT → Temperature difference between the surface and bulk 



fluid (in K)


Radiation



Thermal radiation is the mode of heat transfer which takes place in the form of 
electromagnetic waves which do not need any medium for their propagation. In 
fact, radiation heat transfer is the maximum when the two bodies exchanging 
energy are separated by a perfect vacuum. A common example of radiation is the 
electric coil heater. When the heating element is switched on, the warmth can be 
felt at a distance as it radiates heat. This radiation is invisible, but when the 
heating coil heats up further it glows in a bright orange colour, radiating more heat 
and radiation is visible in the form of light.


When a body is interacted upon by thermal radiation, three processes generally 
take place; absorption, transmission and reflection. The three processes take place 
together in varying degrees with respect to the specified body intercepting the 
radiation. For example, windows designed with different types of glass reflect, 
transmit and absorb different parts of the sun’s radiation. Again the amount of 
emission by a body depends on its temperature and surface conditions. The ideal 
surfaces are called black bodies which absorb all radiation and re-emit the same 
amount of radiation.


According to the Stefan-Boltzmann law, the radiation energy emitted by a 
body is proportional to the fourth power of its absolute temperature. The 
expression for the law is given as follows.

Q = σ A T4,
where Q → Rate of heat transfer (in Watt)





σ → Stefan-Boltzmann constant (σ = 5.67 × 10–8 W/m2K4)




A → Surface area of the emitting body (in m2)





T → Temperature of the emitting body (in K)




(Source: Fundamentals of heat and mass transfer, R.C.Sachdeva)
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Fig. 1.2: Modes of heat transfer in boiling of water in a vessel
1.8 Stoichiometric air-fuel ratio, Flue gas analysis

1.8.1 Stoichiometric air-fuel ratio



The stoichiometric air requirement of a fuel is the theoretical amount of air which is just enough to burn completely a certain amount of fuel. In reality, the actual air required for complete combustion is always greater than the stoichiometric amount to allow proper air-fuel mixing. The ratio of the stoichiometric air amount to the amount of fuel is called the stoichiometric air fuel ratio. 



The ultimate analysis of a fuel sample gives the following result.

Carbon + Hydrogen + Oxygen + Nitrogen + Sulphur + Moisture + Ash = 1


or, 
C + H + O + N + S + M + A = 1


Oxygen required for the combustion processes can be calculated by the oxidation reactions of the elements as follows.
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Hence oxygen required for complete combustion of 1 kg of the fuel is given as follows.


Woxygen = 2.67C + 8H + S – O

(– O because fuel also contains oxygen)


Now, air contains 23.2% oxygen by mass. The theoretical air required for complete combustion of 1 kg of the fuel is calculated by dividing the above equation by 0.232. Thus the stoichiometric air requirement for 1 kg of fuel is given as

WT = 11.5C + 34.5H + 4.3S – 4.3O,
where C, H, O and S are the mass fractions of carbon, hydrogen, oxygen and sulphur in the fuel as given by the ultimate analysis.

1.8.2 Flue gas analysis



The gaseous products of combustion are known as flue gas. Flue gas basically contains CO2, CO, O2, and N2 with traces of SO2 and other gases. The percentage composition of flue gas by these gases is analysed by using different instruments. Some commonly used instruments to perform these measurements are Orsat analyser, Haldane apparatus, Infra-red gas analyser and Gas chromatograph.
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Fig 1.3: Orsat gas analyser



Orsat analyser is a simple, portable and most frequently used flue gas analyser which measures the volume or mole fractions of CO2, CO and O2 in dry flue gas. An Orsat analyser contains three pipettes containing chemical solutions (Fig. 1.3). The reagents normally used are KOH solution to absorb CO2 gas, pyrogallol solution to absorb O2 gas and CuCl2 mixture to absorb the CO gas. A sample of flue gas, say 100 cm3, is collected over water in a graduated measuring burette by opening the stop valve and lowering the levelling bottle which contains water. The valve of pipette 1 is then opened and the levelling bottle is raised to allow all the gas to pass into pipette 1. After the CO2 gas is absorbed in the KOH solution, the levelling bottle is lowered to original position and the volume of the gas is measured, say 89 cm3. This implies that 11% of the dry flue gas is CO2 by volume. The process is repeated for absorption of O2 and CO in pipettes 2 and 3 respectively, the remaining unabsorbed gas being N2. Thus the flue gas analysis made on dry basis is



CO2 + CO + O2 + N2 = 100%,

by volume






(Source: Power Plant Engineering, P.K.Nag)
1.9 Summary


The key learning points from this chapter can be summarised as follows:
1. Energy resources can be classified on various bases as: i. Primary and Secondary, ii. Commercial and Non-commercial and iii. Renewable and Non-Renewable

2.  Current scenario of the primary energy reserves (crude oil, natural gas, coal) and the production of commercial energy were presented with the aid of statistical data in terms of the world and specifically India.

3. Understanding of the concepts of energy pricing, energy security and energy conservation with reference to India.

4. Understanding of the Indian system of electricity tariffs, and the importance of the concepts of load management and maximum demand control for effective use of electricity and lowering consumption costs.
5. The meaning of the thermal properties of calorific value, heat capacity, sensible heat and latent heat, and the various modes of heat transfer, namely conduction, convection and radiation.

6. The calculation of stoichoimetric air for burning of fuel was elaborated and the method of analysis of flue gas using Orsat analyser was detailed in this chapter.
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4.
“Energy Pricing in India: Perspective, Issues, and Options” by Hiren Sarkar

5.
“Petroleum prices, subsidies and taxation in India”, http://www.iea.org

6.
“Electric Load Management in Industry”, http://www.leonardo-energy.org

7.
“Fuels and Combustion”, by Samir Sarkar (Unversities Press)

8.
“Engineering Thermodynamics”, by P.K. Nag (Tata McGraw Hill)

9.
“Power plant engineering”, by P.K. Nag (Tata McGraw Hill)

1.11 Exercise Questions
1. Differentiate between:

i. Primary and Secondary energy resources

ii. Commercial and Non-commercial energy

iii. Renewable and Non-renewable energy

2. Choose the correct answer for the following questions:

i. The current global crude oil reserve at the current rate of production is expected to last

 a) 25 years
b) 50 years
c) 75 years
d) 100 years
ii. The largest reserves of natural gas is found in

a) India
b) Canada
c) China
d) Russia

iii. India’s position in the world in terms of coal reserves is

a) 1st

b) 2nd

c) 3rd

d) 4th
iv. The largest producer of petroleum in the world at present is




a) Iran

b) Russia
c) US

d) Saudi Arabia

v. The energy produced by burning 1 tonne of crude oil is

a) 22 GJ
b) 32 GJ
c) 42 GJ
d) 52 GJ

3. Write short notes on:

i. Energy pricing

ii. Energy security

iii. Energy conservation

4. Explain what is load management and maximum demand control

5. Define the following terms:

i. Calorific Value

ii. Specific Heat

iii. Sensible Heat

iv. Latent Heat

6. What is heat transfer? What are the different modes of heat transfer?

7. Explain briefly:

i. Stoichiometric air requirement

ii. Orsat gas analyser
Stop and read


1 Barrel (US) = 158.987 litres








Stop and read


1 million tonnes of oil equivalent (Mtoe): It is the amount of a specific fuel (e.g. coal) that would release the same amount of energy on burning as in the case of burning 1 million tonne of crude oil considering 1 tonne of crude oil produces approximately 42 GJ of energy.











Stop and read


For solid fuel


NCV = GCV – 5.2H , 	where NCV and GCV are in kcal/kg and H is the 				percentage of hydrogen in the fuel


For gaseous fuel


NCV = GCV – 4.7V,		where NCV and GCV are in kcal/Nm3 and V is 				the volume percentage of H2 in the fuel














Stop and read


The negative sign appears in the expression for heat conduction as the direction of the heat flow is opposite to the direction of the temperature gradient.
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