Section 1| Unit 1 | Energy Measurement and Definition
1.1 BASIC MEASUREMENT CONCEPTS

1.1.1 Measurement Systems

Energy commodities are measured in two types of unit: physical unit and heat unit. Physical units are used to measure their physical entities such as mass (or weight) and volume, whereas heat units are used to measure power (watt) or work (joule, calorie, Btu) that can be derived from them. For a standard presentation at international level as well as at national level, energy statisticians are recommended to use the System International (SI) units, which is a modernized version of the metric system established by international agreement. Units are further classified into two category: fundamental units and derived units. Fundamental units are those which have independent identity (e.g., meter for measuring length, gram for weight, second for time) whereas derived units are derived from the combination of two or more fundamental units (e.g., cubic meter (m3) for measuring volume). Examples of fundamental and derived units are presented in Table 1.1 and Table 1.2, respectively.

Table 1.1: Fundamental SI Units


Dimension



Basic Unit


Symbol


Length




Meter



m


Volume



Litre



l


Mass




Kilogram


kg


Time




Second



s


Electric Current


Ampere


A


Temperature



Kelvin



K


Luminous Intensity


Candela


cd


Amount of Substance


Mole



mol

1.1.1.1 Measurement Units

There are four basic types of units being used in energy measurements and assessments, namely:

Stock energy units measure a quantity of energy in a resource or stock, such as the amount of oil in a reserve, kerosene in a can, or wood energy in a tree at a given point in time, e.g., tons of oil equivalent, or multiples of the joule (MJ, GJ, PJ).  

Flow or rate energy units measure quantities of energy produced or consumed per unit of time which are used for primary, delivered and utilized energy consumption, e.g., million barrels of oil per day (MBD), PJ/year, or MJ/day of cooking fuels.  

Specific energy consumption relates a quantity of energy to a non-energy value.  It is often referred to as an energy intensity, e.g., MJ per kg. of cooked food, or MJ per unit of household income (MJ/$).      

Energy content or heating value measures the quantity of energy in a fuel per unit weight or volume.  Examples are MJ/kg and MJ/liter.

Table 1.2: Derived SI Units


Dimension


Unit




Symbol


Area



Square Meter



m2


Volume


Cubic Meter



m3


Speed



Meter per Second


m/s


Acceleration


Meter per Square Second

m/s2


Frequency


Hertz




Hz(=1/s)


Pressure


Pascal




Pa(=N/m2)


Density


Kilogram per Cubic Meter

kg/m3


Energy



Joule**



J(=N.m)


Power



Watt




W(=J/s)


Calorific Value

Joule per Kilogram


J/kg


Specific Heat


Joule per Kilogram Kelvin

J/kg.K


Voltage


Volt




V(=W/A)

*  the force exerted by a mass of 1 kg equals ca. 10 N

** Note that J = W.s

1.1.1.2 Gross and Net Heating Values

Two different types of energy content are being used to measure heating value (HV) of fuels, namely: gross and net.  While the difference between the two is rarely more than about 10% for petroleum fuels, the difference for biomass fuels can be great because of varying moisture content.  Unfortunately, the basic on which HVs are recorded is often omitted and one frequently finds both methods used for different fuels in the same report or energy survey.

Gross Heating Value  (GHV), sometimes erroneously referred to as "higher heating value," refers to the total energy that would be released through combustion divided by the weight of fuel.  

Net Heating Value (NHV), sometimes called the "lower heating value," refers to the energy that is actually available from combustion after allowing for energy losses from free or combined water evaporation.    

The NHV is always less than GHV, mainly because it does not include the energy to vaporize water contained in the fuel, and the energy to form water from hydrogen contained in hydrocarbon molecules, and to vaporize it.  

1.1.1.3 Heating Values and Moisture Contents

Table 1.3 presents typical NHVs for the most common solid, liquid and gaseous non-biomass fuels.  With solids, there can be large variations in heating value due to differences in water, ash and volatile content.  Liquid fuels have a much more uniform energy content but there are still slight differences due to refinery specifications and blending. Local values should be used, if possible; otherwise the data in Table 3.3 can be used for reasonable approximations. In any analysis, particular-ly when dealing with "wet" fuels, the energy contents (NHV's) employed should be recorded clearly.

For biomass fuels it is necessary to measure and record the water (moisture) content, wherever possible.  The moisture content can change by a factor of 4-5 between initial harvesting and final use and is critical both to the heating value on a weight or volume basis and to differences between GHV and NHV.  The succeeding discussion will clarify these concepts and provide conversion factors for the commonly used measures.

Moisture content can be given on a "wet" or "dry" basis.  Although many reports omit this necessary information, the basis should be specified.  Moisture content dry basis (mcdb) refers to the ratio of the weight of water in the fuel to the weight of dry material.  Moisture content wet basis (mcwb) is the ratio of the weight of water in the fuel to the total weight of fuel.  Both are expressed as a percentage.  The respective formulae are:



Moisture content (%)
=
Water weight in fuel  x 100



Dry basis (mcdb)
         
Dry weight of fuel



Moisture content (%)
=
Water weight in fuel                 x 100



Wet basis (mcwb)
         
Water weight + dry weight of fuel






= 
Water weight in fuel x 100


                                       

Total weight of fuel

To convert between wet (W%) and dry (D%) basis the following formulae are used:



W = D/(1 + D/100)

D = W/(1- W/100)

Heating values of biomass fuels are often given as the energy content per unit weight or volume at various stages: "green," air-dried," and "oven-dried" material:

Green refers to the living plant, or the plant at the point of harvest;            

As received refers to the moisture content at a given point in the fuel chain.

Air-dried  refers to the stage after the fuel has been exposed for some time to local atmospheric conditions; i.e., at any stage from harvesting to the conversion of the fuel either to another fuel or by combustion to heat energy.

Oven-dried means that a fuel has zero moisture content and is sometimes referred to as "bone dry."

Table 1.3: Typical Energy Content of Fossil and Biomass Fuels






    Moisture Content

Typical








Wet Basis
 
Net Heating Values


Solid Fuels



(% mcwb)

(MJ/kg)a


Biomass Fuels


Wood (wet, fresh cut)


40



10.9


Wood (air-dry, humid zone/dry zone)
20/15



15.5/-


Wood (oven-dry)


 
 0



20.0


Charcoal




  5



29.0


Bagasse (wet/air-dry)


50/13



  8.2/16.2


Coffee husks



12



16.0


Rice husk (air-dry)


  9



14.4


Wheat straw



12



15.2


Maize (stalk/cobs)



12/11



14.7/15.4


Dung Cakes (dried)


12



12.0

Fossil-Fuels


Anthracite



5



31.4


Bituminous coal



5



29.3


Sub-bituminous coal


5



18.8


Lignite



 
_



31.4


Peat




_



29.3


Lignite briquettes



_



20.1


Coke briquettes



_



23.9


Peat briquettes


 
_



21.8


Coke




_



28.5


Petroleum Coke



_



35.2







   


Net Heating Values


Liquid Fuels


Specific
Gravity


(MJ/kg)
(MJ/liter)

Fossil Fuels


Crude Oil



0.86


41.9

36.7


LPG


   Propane



0.54


45.6

24.6


   Butane




0.58


45.3

26.3


Gasoline




0.74


43.9

32.6


   Avgas




0.71


44.3

31.5


   Motor gasoline



0.74


44.0

32.6


White spirit



0.78


43.5

34.0


Kerosene



0.81


43.2

35.0


   Aviation turbine fuel


0.82


43.1

35.4


Distillate fuel oil





   Heating oil



0.83


43.0

35.7


   Auto diesel



0.84


42.8

36.0


   Heavy diesel



0.88


42.4

37.3


Residual fuel oil



0.94


41.5

39.0


   Light




0.93


41.8

38.9


   Heavy




0.96


41.4

39.8


Lubricating oils



0.881


42.4

37.3


   Asphalt



1.05


37.0

38.9


   Tar




1.20


38.5

46.3


   Liquified natural gas


0.42


52.8

22.2


Biomass-Derived liquids




   Ethanol



0.79


27.6

21.9

   
   Methanol



0.80


20.9

16.8

Contd…



 
   




Net Heating Values


   Gas




    
     

(MJ/m3)


Fossil Fuels


Natural Gas






  34.8


Refinery Gas






  46.1


Methane






  33.5


Ethane







  59.5


Propane (LPG)






  85.8


Butane (LPG)



      


111.8



Pentane





      
134.0


Coke oven gas






  17.6


Town gas






  16.7

Biomass-Derived


Producer gas






  5.9


Digester or biogas





22.5

Electricity







3.6 MJ/kWh

a Based on given moisture contents.

Sources: Biomass fuels--various modern/non-traditional fuels--FEA (1977) in World Bank's Household Energy Handbook, Leach, G. and Gowen, M.

Moisture contents of green and air-dried wood will differ depending on several factors including: species, atmospheric humidity/climatic and seasonal factors, drying time and drying conditions, including temperature and ventilation.  In the humid tropics "green" wood may typically have a moisture content of 40-70% mcwb.  After prolonged air drying this value will fall to 10-25% mcwb, depending on atmospheric humidity.  

The oven dry heating value is determined in the laboratory by weighing a sample before and after it is dried in a oven until the weight no longer changes.  Through this process, one can assume that all moisture has been driven off, and then measuring the heating value of the dried sample.

The following procedures illustrate the process of converting the oven dry gross heating value to net heating value or gross heating value of a 1 kg piece of wood containing W kg of water.  The weight oven-dry combustible material plus ash, etc., is (1-W) kg.  Suppose that the oven dry gross heating value of this material is Z MJ/kg.  Then the gross heating value of the wood sample is Z(1-W) MJ/kg.  For the gross heating value we must deduct the heat energy for the "hydrogen water" and "free water."  Most oven-dry wood materials contain close to 6% of hydrogen by weight which could correspond to a hydrogen term of 1.3 MJ per kg dry material, or 1.3 (1-W) for the sample.  For the free water, a value of 2.4 MJ/kg is frequently used.  The "water term" is thus 2.4 (W).  The net heating value of the wood sample in SI units (MJ/kg) is therefore: Z(1-W) - 1.3 (1-W) - 2.4 (W).  This reduces to Z - 1.3 - W(Z+1.1).

To summarize, in SI units of MJ/kg the conversion formulae are:



NHV, wet basis = Z-1.3 - (W/100) (Z + 1.1.)



NHV, dry basis = (100Z - 130 - 2.4D) / (100 + D)



GHV, wet basis = Z(1 - W/100)



GHV, dry basis = Z (1-D/(100 + D))

where Z is the oven-dry gross heating value; and W and D are the percentage moisture contents on a wet and dry basis, respectively.  This reference value is a reasonable first order approximation in the absence of actual measurements.

1.1.1.4 Unit Conversion 

As mentioned at the beginning of this chapter, energy commodities are measured in two types of unit: physical unit and energy unit. Physical unit gives the real sense of the entity where as heat unit gives the amounts of heat or heat equivalent energy present in that entity. In real life we often need to compare the amount of one fuel against another or we need to express the total or combined amount of fuel. For this, energy commodities must be expressed in terms of the same unit. Since the interest of user on fuel is its energy content rather than the physical entity, hence physical amount fuel is required to convert into the energy term to measure their usefulness. There are four type of unit conversion system as shown in Table 1.4.




Table 1.4: Unit Conversion System

	From
	To
	Example

	Physical
	Physical
	Kg to Liter

	Physical 
	Heat
	Kg to Joule

	Heat 
	Heat
	Joule to Calorie

	Heat 
	Physical
	Toe to Ton


In some countries, other than the SI units are also used. But, they are easily convertable into SI units. The conversion of some non-SI units into SI units for energy and power is given in Table 1.5. 

Table 1.5: Conversion of Non-SI Units

Non-SI Unit for Energy


Symbol

Equivalent in SI Units

Erg




erg


10-7
J

Foot Pound Force



ft.lbf


1.356
J

Calorie




cal


4.187
J

Kilogramforce Meter


kgf.m


9.8
J

British Thermal Unit


Btu


1.055 x 103
J

Horsepower Hour (Metric)


hp.hr


2.646 x 106
J

Horsepower (GB)



hp.hr


2.686 x 106
J

Kilowatt hour



kWh


3.60 x 106
J

Barrel Oil Equivalent


boe


6.119 x 109
J

Ton Wood Equivalent


-


9.83 x 109
J

Ton Coal Equivalent


tce


29.31 x 109
J

Ton Oil Equivalent


toe


41.87 x 109
J

Quad (PBtu)



-


1.055 x 1018
J

Tera watt year



TWy


31.5 x  1018
J

Foot Pound Per Hour


ft.lb/h


0.377 x 103
W

Calorie per Minute


cal/min


69.8 x 103
W

Brit thermal unit per hour


Btu/h


0.293

W

Brit. thermal unit per second

Btu/s


1.06 x 103
W

Kilocalorie per Hour


kcal/h


1.163

W

Foot Poundforce per Second

ft.lbf/s


1.356

W

Calorie per Second


cal/s


4.19

W

Kilogramforce meter per sec.

kgf.m/s


9.8

W

Horsepower (metric)


hp


735.49

W

Horsepower (GB)



hp


746

W

Source: Leach, G. and Gowen, M. (1987), The World Bank. 
1.1.2. Production and Conversion Systems

All use of fuels involves a series of energy conversions or the process of changing the physical status of the fuel to increase its utility.  This is clearly depicted in Table 1.6 when crude oil is converted to kerosene, followed by its conversion to heat in a cooking stove and finally into cooked food.  In this process, some energy is lost to the environment.

Table 1.6: Example of Energy Production-Conversion-Consumption Stages Charcoal for Cooking


General

Form of







Term for

Fuel or

Conversion




Stage

Energy

Technology

Comments

A.
Resources
Fuelwood

   

in forests




Estimates uncertain

    
Accessible 
Fuelwood



Varies with finds,

    
Resources
in forests




costs

B.  
Primary Energy
Fuelwood
harvesting

-

C.  
Secondary Energy
Fuelwood
Kiln


Energy use, losses

D.  
Delivered Energy
Charcoal

Distribution and 

losses

    
(heat of combustion)
(purchased by
Marketing



household)

E.  
Utilized Energy 
Heat absorbed
Cooker and

Delivered energy

    
for Cooking
by cooking 
cooking pot, etc.

minus heat escaping

    
(PHU or % heat
food, etc.




around cooking

    
utilized)
(cooked food)



pot, radiation losses from stove body, etc.

The above concept is basic to energy measurement and to such important factors as the energy content of fuels and efficiency of conversion processes. However, by comparing different stages in the production-conversion chain, one can derive various  definitions and measures of these important values. As presented in Table 1.6, a simplified chain for the production of fuelwood, its conversion to charcoal, and the use of charcoal in cooking is illustrated.  The term used for each stage are given in the first column.  

Resources and Reserves have various subdivisions to indicate the certainty of the estimates or the availability of reserves under different technological and economic conditions.  

Primary Energy measures the potential energy content of the fuel at the time of initial harvest, production, or discovery prior to any type of conversion.  It is often used for recording the total energy consumption of a country, which is misleading because it ignores the conversion efficiencies at which the fuel is used.

Secondary Energy differs from primary energy by the amount of energy used and lost in supply-side conversion systems such as oil refineries, power stations, biomass gasifiers, and charcoal kilns.

Delivered Energy or final energy records the energy delivered to or received by the final consumer, such as a household.  

Utilized Energy is sometimes called energy output, end-use delivered energy, available energy or useful energy.  It refers to the amount of work or utilized heat to perform a specific task or service.  Utilized energy may be as little as 5-8% of delivered energy for open fire cook stove, or as high as 95-100% of delivered energy in the case of electric resistance space heating.

Utilized energy is frequently used as the basis for comparing fuel prices (e.g., dollar ($) per MJ of utilized heat for cooking) and for examining the economics and energy savings due to fuel and technology substitutions (e.g., switching from open cooking fires to closed stoves).

In some cases, the concept of utilized energy is difficult to apply.  For example, if a cooking fire provides multiple end-use services--such as space heating and lighting, as well as heat for cooking-it is neither practical nor sensible to try to measure the utilized energy for each service.  The same is true of lighting, where the distance from the light source to the user and the quality of light output (i.e.,  the spectral range) is at least as important to the amount of energy used or the consumer's motivations to switch technologies as of energy used or the consumer's motivations to switch technologies as any measure of unutilized energy.  For these reasons, it is often better to consider energy use and compare technologies in terms of specific fuel consumption for a particular task or time period, e.g., the amount of cooking fuel per standard meal or weight of staple foods, or the kWh of lighting electricity per household per day. 

1.2 UTILIZED ENERGY, EFFICIENCY AND SPECIFIC FUEL CONSUMPTION

1.2.1 Utilized Energy

The delivered energy content of a fuel measures the potential heat available from it.  If the fuel is used for a specific end-use task such as cooking food, only a fraction of this energy is usefully employed for that task.  This quantity is called the utilized energy (for that specific task).  The fraction of the energy utilized defines the efficiency of the end-use device (for that task): Efficiencies are usually defined in terms of delivered energy but can also be given on a primary energy basis.  In the first case:


Efficiency for task

=
Energy utilized for task    


(Delivered Energy basis)

Energy delivered to conversion device for task

For household applications, stove or appliance efficiency is referred to. This is the utilized energy efficiency, expressed as Percentage Heat Utilized (PHU).

However, few energy conversion devices--least of all cooking fires and stoves plus cooking equipment--are simple in terms of their energy flows.  Still less are they simple in the way in which people use them.  The critical importance of correctly measuring efficiency and utilized energy for the household sector demands that we examine these concepts carefully.

1.2.2 Efficiency

When fuel is burned its energy is usually transferred to the end-use task in several stages.  Energy losses of various kinds occur on the way.  Measures of efficiency and utilized energy therefore depend critically on the stage at which the heat flow is measured: for example, with a cooking stove and pot, whether one measures the heat from the stove opening, the heat absorbed by the pot or the heat absorbed by the food.

In practice, the energy flows and losses are much more complex than this so that it is often difficult to determine what definitions of utilized energy and efficiency are being used when different technologies are assessed.  Since different definitions can greatly affect the reported results, efficiency and utilized energy should be used with caution.  Alternatively, one should rely on less ambiguous measures such as the specific fuel consumption of a particular end-use appliance and task; i.e., a measure of the fuel actually used for a process such as cooking a particular foodstuff or meal in the actual environment where some intervention is planned.

In order to compare technologies, some distinction has to be made between the various measures of efficiency.  

Combustion Efficiency accounts for energy losses in the combustion process and heat that does not reach the point whether it could, in theory, be transferred to the final task.

Combustion Efficiency
=
Heat Generated by Combustion (MJ)






Delivered Energy of Fuel (MJ)

Heat Transfer Efficiency allows for energy losses between the combustion outlet and the end-use task, especially heat transfer and radiation losses.

Heat Transfer Efficiency
= 
Energy Absorbed by End-use Task (MJ)






Heat Generated by Combustion (MJ)

System or End-Use Efficiency is the product of the Combustion and Heat Transfer Efficiencies, or the overall efficiency.  It is often referred to as conversion, gross, thermal and end-use efficiency.

Percentage of Heat Utilized (PHU) is the energy utilized and expressed as a percentage of that available at any stage in the energy conversion process.  The overall PHU is commonly referred to as appliance (e.g., stove) efficiency.

Table 1.7 compares the primary and delivered energy requirements of a wood fire, a kerosene stove, and an electric cooker which perform the same task of providing 10 units of utilized energy for cooking.

Table 1.7: Primary and Delivered Energy Consumption and Efficiencies for 

Three Types of Cooking Devices





Wood
   
    
Kerosene

Electric 





Fire a
     
 



Cooker

Primary energy (PE)a

67


37 


56

Conversion Efficiency:

(Primary to Delivered) b

1.15


0.9


0.30





(air drying)
         
(refinery)
    
 (generation)

Delivered energy (DE) a

77.05


33.3


16.8

Conversion Efficiency:

Delivered to Utilized (= UE/DE)
0.13


0.30


0.60


Utilized Energy (UE) a

10


10


10



Conversion Efficiency:

0.15


0.27


0.18

Primary to Utilized (= UE/PE)

a Energy values in units to cook an arbitrary unit quantity of food.

b Excludes transmission and transport.

Source: Leach, G. and Gowen, M. (1987), The World Bank. 
The table shows that although the electric cooker has the highest delivered to utilized efficiency, it has the lowest primary to utilized efficiency and hence consumes the most primary energy of the three cooking methods.  If electricity is generated from oil, more oil would be consumed than with the kerosene  cooker.  For the consumer, it is the delivered to utilized energy efficiency that matters since this determines the energy cost for the task: delivered energy (MJ) x unit price ($/MJ).

Useful Energy Efficiency

Energy efficiency is a well known indicator for engineering measuring, for a unit of product or service given, the ratio (in percentage) between the amount of energy physically required (useful energy) for the said product or service and the amount of energy actually consumed during the process. It should be emphasized that different types of energy are usually associated with different typical end-use efficiencies, as the type of equipment utilized has strong influence on the efficiencies. In the case of cooking for example, the efficiencies of oil products (more than 60%) is known to be usually higher than those of coal (less than 40%) and traditional fuels (less than 20%). The useful energy efficiency can be expressed as:.
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with
Fieu
- final energy consumption in energy unit of fuel i;



Fipu
- final energy consumption of fuel i in physical unit;



SYMBOL 104 \f "Symbol"i
- useful energy (end-use) efficiency of fuel i;



CVi
- calorific value of fuel I.



UEi
- useful energy (in terms of energy service) 
Relative Efficiencies

Once the absolute efficiencies are available, the relative efficiencies can be calculated by taking one type of energy as reference (for which relative efficiency is defined as 100% or 1) as in the following formula:
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with:
i  
- fuel type


SYMBOL 104 \f "Symbol"j   
- useful energy (end-use) efficiency of fuel j


SYMBOL 104 \f "Symbol"ref  
- useful energy (end-use) efficiency of reference fuel


Reffi
- relative efficiency of fuel j.
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with
Frefeu
- final energy consumption in energy unit of reference fuel;



Frefpu
- final energy consumption in physical unit of reference fuel;



SYMBOL 104 \f "Symbol"ref
- useful energy (end-use) efficiency of reference fuel;



CVref
- calorific value of reference fuel. 
If we suppose that for the same end-use process, the useful energy is constant whatever is the fuel used:





UEi  =  UEref
So,













or,






To illustrate the use of relative efficiency we recall the above example: if we take oil products as reference energy in the case of cooking, the relative efficiency of coal and traditional fuels will be:





Reffcoal  = 40% / 60% = 2 / 3 = 0.67





Refftrad  = 20% / 60% = 1 / 3 = 0.33

The interpretation of these results indicate that for cooking end-use, oil products are 1.5 times (50%) more efficient than coal and 3 times (200%) more efficient than traditional fuels.

If we consider that the calorific values of oil products, coal and traditional fuels are respectively: 35.2 MJ/liter, 29.31 MJ/kg and 14 MJ/kg, the interpretation of above results can be presented as follows:

1 liter of oil products can substitute 1.8 (i.e. (60/40)*(35.2/29.31)) kg of coal or can substitute 7.5 (i.e. (60/20)*(35.2/14)) kg of fuelwood. 

1.2.3 Unit Consumption

Unit consumption measures the energy requirements per unit of techno-economic driving variable: energy per ton of product, per car, per household, per capita etc. It can be calculated simply by dividing the energy consumption in a given period t to the value of the said driving techno-economic variable (Qt) obtained during the same period t:
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with:
ECt
- energy consumption in period t; 


Qt  
- techno-economic driving variable, often expressed in physical units;


UCt  
- unit energy consumption in period t.

For example: Thailand's per capita electricity consumption in 1992 was 853 kWh. When several types of fuels are used, the unit energy consumption can be calculated by simply aggregating the final consumption of various types of energy as follows:
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where:
j
- index of fuel type; j  {1, 2, .. n};



ECj,t 
- consumption of energy type j in period t;



UCt
- unit energy consumption in period t.

Useful Unit Energy Consumption


The concept of unit energy consumption can be applied to at the useful energy consumption level. As indicated earlier, the useful energy consumption is the amount of energy physically required which can be evaluated through end-use efficiencies (relative or absolute). Therefore, the unit useful energy consumption is calculated by following formula:
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with, 

ECj,t 
- consumption of energy j in period t



UUCt 
- unit useful energy consumption .



SYMBOL 104 \f "Symbol"j
- useful energy (end-use) efficiency of fuel j.

The previous section discussed the difficulties in defining critical terms such as efficiency and utilized energy, even in controlled laboratory tests. These difficulties are greatly increased when one considers real life conditions.

Specific Energy Consumption

The specific energy consumption (noted as SEC) is a technical concept which measures the energy required to provide one unit of product or service in standardized technical conditions. These conditions are usually defined by norms under which the product or service should be tested. It should be noted that the specific energy consumption is only dependent of the technical process or technology used by the manufacturers or producers. Therefore, the users of the product or service (i.e. energy consumers) and actual conditions of the use have no impact on the value of the specific consumption (e.g. for a diesel generator: X liter of DO/kWh of electricity produced; for an air conditioner: X kWh/BTU; for a lighting system: X kWh/lux; for a car X liter of gasoline/100 km, etc.).

1.2.4  Specific Fuel Consumption, Energy Intensity and Fuel Economy

In real life, cooks may light the cooking fire or stove well before they begin cooking.  They may or may not quench the fire when cooking is finished.  They cook a variety of meals, each using their own methods.  Pot lids may be left on or taken off when simmering food.  Equally important, the cooking fire may well serve multiple purposes , including space heating, water hating for washing or cleaning dishes and clothes, lighting, or a social focus.  

In these real circumstances, estimates drawn from laboratory tests of utilized energy and end-use efficiency are of limited value.  Broader and looser measures based on actual observations of energy consumption for a class of end-use tasks should be used instead.  These measures include specific fuel consumption and energy intensity.  Some examples are:

Cooking:
MJ per meal; MJ per person per meal: MJ per kg food cooked; MJ per household per day (for cooking).

Lighting:
MJ per lamp per day (allowing both for rate of consumption --watts, liters kerosene/hour--and for time period used--MJ per household per day (for lighting).

General:
MJ of woodfuel per household per day (used for inseparable end uses, including cooking and heating).

These measures can be used for assessing changes in technology and fuel just as effectively as measures of end-use efficiency or utilized energy.  Of course, if a more efficient technology is introduced, the specific fuel consumption is likely to fall.  But it may not fall as expected from a direct comparison of the before and after efficiencies; the users may employ the new technology in a different manner from the old one, for example.  Only before and after of specific fuel consumption can capture such effects.  An example of its use in technology and fuel substitution is given in Box 1.

In summary, efficiency and utilized energy are basic and invaluable tools for people who are designing and developing technologies.  Efficiency measures are also important for comparing and marketing technologies: they provide an unbaked and standardized performance yardstick for each technology--an "energy label".  They are also valuable for the energy planner and analysis when more direct data on the actual fuel consumption of real households is not available: as a first order approximation, one can assume that the fuel consumption of Technology A will differ from that of Technology B according to their relative end-use efficiencies (when used for the same tasks by similar classes of household).  Wherever possible, actual consumption data and the concepts of specific fuel consumption or energy intensity should be used for broad household energy assessments.

Box 1
Substitution of Cooking Pot and Cooking Heat Source

PRIVATE 
Example:  Substitution of cooking pot and cooking heat source:

A family cooks on an open fire using clay pots (Technology 1).  The kitchen is outside the house and cooking is the only service provided by the fire.  Consumption of firewood is measured over a period. Further measurements are made of firewood energy consumption, over different periods of time, when the family uses an aluminum cooking pot with the open fire (Technology 2), a metal stove with a clay pot (Technology 3), and a metal stove and aluminum pot (Technology 4).

After normalizing the consumption for Technologies 2, 3 and 4 to the same time period as for Technology 1, the energy consumption levels in MJ are found to be:






 


  Consumption


Technology


 
MJ
    
   kg a/

Ratios


1.  Open fire, clay pot


1667

   83.4

4.0


2.  Open fire, aluminum pot
 
  833

   41.7
     
2.0


3.  Stove, clay pot


  555

   27.8

1.33


4.  Stove, aluminum pot

  417

   20.9

1.0  


a/ Based on a conversion ratio of 20 MJ/kg. 

The consumption ratios give an unambiguous reading of the relative fuel consumption and savings in moving from one technology to another (for this family).  For example, a 66% savings is achieved by switching from Technology 1 to Technology 3.  Note particularly that it is not necessary to estimate either the utilized energy for cooking or the efficiencies of each technology package.  Indeed, the relative fuel consumption for each technology option may well not be the same as the relative end-use efficiencies recorded independently of the household environment, since in moving from one technology to another the family may alter its cooking methods, time for cooking, etc.
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