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ABSTRACT 

Statistics of energy sources and consumption are published 

by states and other organizations. Rules for composing them 

have been developed over time. A recent comprehensive and 

widely used recommendation is the “Energy Statistics 

Compilers Manual” published by the United Nations. A key 

principle is that the “primary energy form should be the first 

energy form downstream in the production process for which 

multiple energy uses are practical”. This means that “the 

physical energy value of the primary energy form is used for 

the production figure. For primary electricity, this is simply 

the gross generation figure for the source”. 

The mentioned manual talks repeatedly on “energy 

consumption” and defines physical units for the 

corresponding indications. The term ”exergy” does not show 

up in this document in spite of the well-known fact that 

exergy is the only part of the energy, which can be consumed 

or used-up in a literal sense while energy cannot disappear at 

all. However different energy forms can be converted within 

the strict limitation of the second law of thermodynamics and 

within the achievements of the available technologies. The 

mentioned documents try to comply with these facts by 

defining “energy losses” for several processes. But this 

requires settings based special knowledge for every 

application case. 

In this paper I suggest the well-defined thermodynamic 

notation “exergy” to be used as the unit (or “currency”) 

instead of energy for statistics. The physical units Joule are 

the same but the significance is different. In other words 

“exergy consumption” is possible while “energy 

consumption” is strictly prohibited by the first law of 

thermodynamics although it corresponds to the colloquial use 

of the language. 

An example will be shown by translating a typical current 

energy consumption breakdown diagram into an exergy 

based representation. The advantage of exergy breakdowns is 

that interpretation regarding substitutions can be done 

directly and without special knowledge. Because all items 

are assessed in the same signification. In contrast, 

interpretations regarding substitutions by using conventional 

energy statistics require for each item additional knowledge 

of the relevant exergy content for the concerned application 

in order to be correctly interpreted. 

In the typical primary energy statistics electric power from 

hydro, wind or photovoltaics is added to the heating values 

of fossil fuels and even to environmental heat. Thus the latter 

sources get too much significance regarding its normal use. 

From nuclear heat or from fossil fuel combustion heat only a 

third or less of its physical energy content can typically be 

harvested as exergy, which is equivalent to electric power. 

The current discussion on substitution of fossil sources by 

renewables could therefore be better supported by using 

statistics based on a reasonably usable exergy content of 

these primary sources. 

INTRODUCTION 

Energy statistics are published annually by most countries 

and also by the International Energy Agency IEA. They 

contain typically a breakdown of primary energy sources and 

categories of final use. In order to allow supranational 

consolidation of all kind of relevant categories there is a 

recommendation of the United Nations under discussion with 

a draft issued in 2011 under the name International 

Recommendations for Energy Statistics (IRES) [3] and a 

final draft under the name “Energy Statistics Compilers 

Manual” issued in 2016, [4]. This draft also recommends 

types and entities of the energy consumers to consider. It 
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classifies numerous energy products and distinguishes 

between renewable and non-renewable. 

These two documents are so detailed, that they cannot be 

referred here in depth. But their key principle is that the 

(quote) “primary energy form should be the first energy form 

downstream in the production process for which multiple 

energy uses are practical”. This means that “the physical 

energy value of the primary energy form is used for the 

production figure. For primary electricity, this is simply the 

gross generation figure for the source” (unquote). The 

International Energy Agency uses the acronym TPES for 

“Total Primary Energy Supply” [5] 

The primary energy from fossil fuels is declared by IRES as 

gross (or net-) calorific value (GCV/NCV). They recommend 

to use preferably the NCV also for so-called energy products. 

In the technical literature GCV/NCV is mostly referred as 

HHV/LHV for Higher or Lower Heating Value.  

In this paper I suggest the well-defined thermodynamic 

notation “exergy” to be used as the unit (or “currency”) 

instead of energy in statistics on generation and 

consumption. The physical units, Joule (or PJ=1015Joule), are 

the same but the significance is different. The reason for 

using the significance “exergy” is that the final needs of the 

society are not energy but lighting, mechanical power, air 

conditioning, cooling and heating, transports, electronic 

media services and so on. Most of these needs are covered by 

using either electricity or shaft power as intermediate form of 

energy. And these two energy forms are “pure exergy”. This 

is the part of the energy, which can be converted into any 

other form of energy including into anergy but also into 

thermal heat by so-called heat pumps with an “amplification 

factor” of 3 to 6. Converting exergy into anergy means 

using-up in the true sense of the word. In precise words, 

energy consumption is not possible, what is consumed is 

Exergy.  

The statistics of electricity production and use has already 

the significance of exergy and needs therefore no change. 

WHAT IS EXERGY? 

The notations exergy and anergy have been defined first by 

Zoran Rant [1] in 1956. They were slowly introduced in 

thermodynamic textbooks if at all. Although this is now basic 

knowledge an outline of Rants thoughts is given here: 

Any quantity of energy is divided into an exergy part and an 

anergy part. The second law of thermodynamics tells us that 

in a closed system (containing constant energy) the exergy 

part can only remain or decrease while the anergy part can 

only remain or grow by the same amount. A system change, 

which maintains the exergy content is called reversible. If a 

change converts exergy into anergy it is irreversible. The 

reversibility (factor) of a technical process is the sum of all 

exergy output forms of energy divided with all exergy input 

forms of energy. In other words exergy can theoretically be 

converted into any other form of energy like mechanical or 

chemical exergy, electrical power, radiation exergy or exergy 

of heat while anergy can by no means be converted into an 

exergy form of energy.  

Exergy can (less precise) simply be called “useful energy” 

keeping in mind that mechanical energy or electrical power 

is pure exergy while a quantity of heat contains a mix of 

exergy and anergy. The issuers of energy statistics like IEA 

are talking on “energy efficiency”, which is used as a very 

general term further commented in the next section. The 

exergy content of any primary energy form indicates an 

absolute limit of its usability, which can be exceeded by no 

means. For this reason it should become visible in energy 

statistics as a basis for any discussion on primary energy 

substitutions. 

The exergy of a combustible fuel is according to Rant [2] and 

later authors not equal to the heating value. But it is in the 

same order of magnitude and its amount is in most cases 

between the lower and the higher heating value. 

Nevertheless the direct use of the combustible fuel exergy in 

statistics is not recommended for the following reasons: 

 Fuel prices are in most cases based on heating 

values while the exergy content of a fuel is typically 

not exactly known. 

 The conversion of combustible fuels into the final 

energy forms for use follows various paths in the 

different countries issuing energy statistics. Thus 

the weighted share of the usable exergy varies. 

I suggest therefore to continue using the heating values as a 

base, but corrected with a factor reflecting the best possible 

technology for conversion into the final forms of use. In the 

scope of a statistics issuing body different energy forms for 

final uses are identified and this allows to match the 

correction factor to a weighted average for the scope in 

question. This allows best to estimate the need of renewable 

replacement sources, which are in most cases already 

measured as electric energy, which is pure exergy. 

ENERGY EFFICIENCY 

The International Energy Agency (IEA) has published two 

documents on energy efficiency indicators [7], [8] with 

together more than 500 pages. They disclose a huge variety 

of views to this subject. The words “exergy” or “anergy” do 

not occur in either document. Therefore a distinction of 

unavoidable (anergy) losses and technically influenceable 

(exergy) losses is not possible based on these definitions. 

A conversion of existing energy statistics into exergy 

statistics will typically affect the energy forms whose 

conversion is limited by the second law of thermodynamics. 

It shifts the task of assessing the exergy content of the 

current energy forms to the issuer of the statistics. The 

primary energy sources that will be affected are all kind of 

fuels (such as fossil fuels, biofuels and nuclear fuels). 

Subject of a discussion will remain, how the state of 

technology shall be considered beyond the undisputable 

limitations of the second law of thermodynamics.  

Practically all use of combustible fuels is based on 

generation of heat either for direct use or followed by a 

thermodynamic heat to power cycle with the target of 

mechanical or electric power generation. The conversion 
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efficiency (resulting energy form)/(primary energy form) 

depends on the available technology.  

For all conversions of the primary energy form to the form 

for final use I suggest to apply an “exergy correction factor” 

ECF based on the best available technology dependent on 

the source and on the target energy forms like:  

Source/target 

energy forms 

ECF Assumption based on 

technology of… 

Natural gas used 

for electricity 

generation 

65% Best gas fired GTCC 

Liquid 

hydrocarbons 

used for shaft 

power 

60% Best GTCC; Turbofans 

have a lower efficiency 

[9] 

Coal used for 

electricity 

generation 

46% Best supercritical steam 

cycles 

Nuclear fuels for 

electricity 

generation 

33% This factor is already 

recommended by IRES 

Any fuel used for 

direct heat 

generation 

ε*(T-Ta)/T With a best technology 

based degree of quality ε 

corrected Carnot factor 

Direct heat 

sources  

(T-Ta)/T Carnot factor 

etc.   

In the above mentioned case of direct use of heat I suggest an 

ECF corresponding to the Carnot factor of the desired 

temperature for the heat application. As an example for 

residential room heating this ECF is around 15% or for 

residential hot water supply in the order of 25%. 

Indicating a reasonable ECF requires a reference to the 

energy form for the final use. As an example if natural gas 

combustion is directly used for room heating the desired 

temperature difference above ambient is in the order of 30°C 

corresponding to an ECF of around 10% based on the heating 

value of the fuel. On the other hand if the same natural gas is 

used in a GTCC for electric power generation the best 

possible thermal efficiency can be up to 65%. Therefore an 

ECF of 65% should be applied in this case. 

STATISTICALLY BASED CONVERSION FACTORS 

IEA [6] indicates interactive Sankey diagrams for the scope 

world and single countries. These diagrams show, among 

others, the energy conversion from the primary source into 

electric power or heat (without distinction) for final use and 

indicates the corresponding losses in so-called power 

stations. What is named “power station losses” in these 

diagrams is indeed a sum of (technically influenceable) 

exergy losses and (not influenceable) anergy discharge, 

which cannot be distinguished. In spite of that I calculated an 

energy conversion factor for these power stations for 

different scopes by dividing the energy flow rate to the final 

uses with the power station energy input flow rate.  See 

Table 1. 

Table 1: Conversion factors in “power station” 
from IEA on-line statistics 2015 [6] 

Scope 

Input to 
power 

station in 
PJ 

Calculated 
conversion 

factor 

Primary 
input to 
power 
station 

Final use in 
scope 
“other” 

World 216762 46.55% 46% coal 5% heat 

Switzerland 454.2 56.85% 30% Hydro 3% heat 

Denmark 265.4 87.15% 20% wind 34% heat 

Germany 5437 50.87% 49% coal 6% heat 

Poland 1703.5 51.11% 87% coal 16% heat 

 

The above selected indications disclose how misleading the 

mix of electric power and heat for final use is: The scope 

“World” represents an undisputed average indicating that 

only 46% of the primary energy is reaching the final use (as 

energy). In Switzerland the conversion factor is considerably 

higher, because 30% of the primary energy is from hydro, 

which is already rated as 100% electric power with nearly no 

losses. But why is Denmark so much “better” because of 

20% mainly primary wind and solar energy supply? This is 

because there is 34% (mostly) low temperature heat within 

the final use, which is (as a consequence) missing in the (coal 

fired) power plant losses. For Poland instead these numbers 

indicate still a good conversion factor because the 87% 

dependency on coal is compensated by 16% direct final use 

of heat.  

These numbers indicate that the pure focus on energy of all 

forms hides the view to technically feasible efficiency 

improvements (like the application of heat pumps) in the 

overall system. I can strongly question that a typical 

politician dealing with energy can understand such 

discrepancies if he is not a thermodynamic expert. 

What was called above conversion factor should better be 

called for example “energy use factor” or similar. This 

expression is frequently used in literature on combined heat 

and power plants. Nevertheless even Wikipedia (in Nov. 

2017) defines a “thermal efficiency” by adding heat output to 

the electric power output (article on “cogeneration”). In the 

technical literature the expression “thermal efficiency“ is 

strictly limited to the conversion of heat to shaft power or to 

electricity. 

EXAMPLE SWITZERLAND 

The Swiss energy statistics [10] allows highlighting the 

advantages of an exergy based statistics regarding the 

support of the discussion on the transition to a higher 

renewable share. Table 2 indicates the numbers from the 

2016 statistics in TJ, the ECF assumptions and the results in 

the Exergy column. In order to summarize back to only 

primary exergy sources, each color in the exergy column has 

been added for the pie diagrams in Figure 1. This is 

enlightening not only for specialists but also for 

communication to the energy politics with the following 

conclusions:  



  4 

 While hydro plays with 12% in the energy view a limited 

role (even less than nuclear fuel) it represents in the 

exergy view 38% of the need. And this is already 

renewable.  

 Natural gas has 12% in the energy view, but only 4% in 

the exergy view because in Switzerland its prevailing use 

is for direct combustion based residential heating. Using 

it for a GTCC producing electricity for heat pumps would 

improve the energy efficiency considerably. 

 In the energy view the share of fossil liquid fuels and gas 

is 55%. But the exergy view shows only 32%. With the 

exception of aviation the more efficient alternatives e-

mobility and heat pumps are available. 

 The “others” combine already some renewables counted 

as mixed energy forms resulting in an average ECF of 

25%. Its share shrinks in the exergy view to 9%. 

 The nuclear fuel keeps its share in the exergy view. 

Replacing it by renewables will nevertheless remain a 

challenge especially because it is season independent. 

The lowest row of Table 2 shows the weighted average ECF 

with 32.91%. This means that more than 77% of the primary 

energy in this statistics are anergy. 

Table 2: Switzerland’s annual primary energy 
consumption translated into exergy (values in TJ/yr) 

Primary energy source, 
application specific 

Energy 
2016 

Exergy 
correction 

factor 

Exergy 
2016 

Wood Energy for heat 42970 10% 4297 

Coal for heat 4790 10% 479 

Waste use for electricity gen. 11060 20% 2212 

Waste use for district heating 10830 20% 2166 

Waste use for industry 10790 20% 2158 

Gasoline for transport 102750 20% 20550 

Diesel for transport 114900 25% 28725 

Fossil fuel for aviation 74170 25% 18542.5 

Fossil fuel for residential heating 81430 15% 12214.5 

Fossil fuel for industry 16800 30% 5040 

Fossil fuel for services 35850 20% 7170 
Fossil fuel for non-energy use/losses 28930 20% 5786 

Natural gas for residential heating 125460 12% 15055.2 

Hydro for electricity 130770 100% 130770 

Nuclear fuel for electricity 219420 33% 72408.6 

Nuclear fuel for district heating 1330 20% 266 

Other renewable heat & electricity 32030 20% 6406 

electricity import 14120 100% 14120 

gross consumption 1058400 32.91% 348365.8 

 

The exergy graph in Figure 1 indicates that in the future the 

current electricity production needs to be increased by up to 

30% (of the whole pie), while additionally compensating the 

intended phase-out of the 20% nuclear source of electricity.  

  
Figure 1: Comparison of energy (left) and exergy 

(right) based statistics of Switzerland in 2016 

As examples more renewable electricity will be needed for 

the e-mobility and for additional heat pumps. And the 

seasonal storage of renewable electricity in summer for use 

in winter is an upcoming challenge, which is not yet mirrored 

in the statistics. Improvements of the energy efficiency on 

the user side may help in this respect. As an example the 

increased lighting need in winter will be reduced by the 

progress in LED technology. 

HISTORY OF THE TERM “ENERGY 
CONSUMPTION” 

The proportionality of heat and mechanical work was 

proposed among others by Julius Robert von Mayer in 1842 

in the leading German physics journal and independently by 

James Prescott Joule in 1843, in the leading British physics 

journal. The energy conservation law (including heat and 

other forms of energy) was explicitly formulated by 

Hermann von Helmholtz in 1847. Since then, leading 

textbooks like [11] and [12] showed their thermodynamic 

formulas still with different units for mechanical work (like 

m kp, ft⋅lbf…) and heat (like calories, Btu…) but with a 

factor for the mechanical equivalent of heat. The energy 

conservation law was already known, used and applied by 

using the mentioned factor. For whatever reasons this (171 

year old!) paradigm change did not find its way into the 

colloquial languages (not only English) with a correct update 

of the term “energy consumption”. 

The definition of units for energy is closely connected with 

the international development of the measurement systems. 

As of 1889 regular international General Conference on 

Weights and Measures (French: Conférence générale des 

poids et mesures – CGPM) took place. At the ninth 

conference in 1948 the Joule was defined as the only energy 

unit (not to be confused with the N*m with the significance 

of torque). This was the formal end of the calorie as a heat 

unit. It made the application of a factor for mechanical 

equivalent of heat obsolete. Consequentially this factor 

disappeared from the thermodynamic formulas in later 

textbooks. It simplified the application of the first law of 

thermodynamics, which postulates the conservation of 

energy. Nevertheless the calorie survived up to now in many 

food declarations. 

Astonishingly, not even the introduction of the Joule as the 

sole energy unit found its way into the colloquial languages. 

Up to now we still “consume energy” in spite of the fact that 

we believe in strict energy conservation. I can only guess, 

why this happened: Before 1948 the colloquial expression 

“energy consumption” could be understood as consumption 

of mechanical and similar energy forms (like shaft power 

from a water wheel or electric power), which can indeed be 

used up. The CGPM conference of 1948 reinforced the 

energy conservation law (by deciding to measure heat with 

the energy unit Joule). This made the term “energy 

consumption” more than ever meaningless. At that time no 

short and correct replacement expression was available. 

But nowadays the term “exergy consumption” is a perfect 

replacement because exergy can really be used up. This 

means in plain language conversion of the exergy part of an 
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input energy finally into an anergy part, while the total 

energy remains conserved. But I assume that the energy 

statisticians fear the transition into a consistent language 

because of the expected intermediate understandability 

problem. They have even worsened the inconsistency by 

introducing environmental heat among the “primary energy 

sources”. 

At the 11th CGPM conference in 1960 the new MKSA (for 

Meter, Kilogram, Second, Ampere) based metric system was 

given the official symbol SI for “Système International 

d'Unités” and launched it as the "modernized metric system". 

[13]. But this did not change the situation for the energy units 

anymore. 

HOW TO SUPPORT TRANSITION TO 
RENEWABLES 

The above discussed contradiction between the colloquial 

language and a correct handling of energy matters requires 

action by the thermodynamic community because it causes 

misunderstandings in energy politics, as well as additional 

hurdles within basic education. In order to correct this, I 

suggest the required actions in the following two sections. 

With statistical views 

Electricity production and consumption statistics is already 

in the form of exergy. The development for future more 

energy efficient applications will require an increasing 

production and share of electric energy.  

But the primary sources based on combustible and nuclear 

fuels are in current statistics shown as heating values. This 

overestimates its significance drastically, especially for the 

general public. Replacing combustible fuels by renewables 

will be done in most cases via electric power from renewable 

sources like Photo-Voltaic or wind and the required quantity 

corresponds to the usable exergy of the fuels only. I note that 

the existing energy statistics count these new primary 

energies in the form of electric output of wind or PV. 

Therefore, the energy statistics will shrink drastically 

because the previous sources were counted as heating values. 

This happens without any savings by the final users and the 

promoters of the “2000 Watt society” [14] can celebrate a 

success caused only by using the current statistical method.  

An exergy based presentation will allow a better separation 

of real savings from effects caused only by the statistical 

method. It improves the visibility of real savings (e.g. by 

better insulations and by technologies with a better 

efficiency). Exergy based statistics will also be better 

understood by the voters and the politicians (who in many 

cases decide on future steps in energy politics) provided the 

education measures suggested below will happen.  

Primary sources based on geothermal systems are shown as 

heat in the current statistics, while the usable exergy is 

typically around 20% or less, due to the limited temperature. 

The significance of such sources is therefore overestimated 

in the current energy based statistics view too. 

The primary source “environmental heat” also shows up in 

some current energy statistics. But such sources have no 

exergy at all. They can only be used by sacrificing exergy, 

for example with heat pumps. It makes, therefore, no sense to 

consider environmental heat. There may be some exceptions 

in this respect for systems where solar heat is used for 

seasonal heat storage or for systems using natural thermal 

reservoirs like sea water or others. Such heat indeed saves 

exergy during the discharge of the stored heat and therefore 

in an exergy based statistics it could be considered with a 

Carnot factor related to the ambient conditions of the 

discharge period (mostly winter). 

With education 

The current state of the colloquial languages (not only 

English, but also French, German, Italian, Spanish and 

others) regarding the expression “energy consumption” 

represents a hurdle for all young students to understand the 

energy conservation law and related issues because they have 

first to correct their perception that energy can be used up. 

This hurdle should be removed. 

In many countries the energy conservation law is addressed 

in basic education. Although some notions of 

thermodynamics like “heat engine” or “heat pump” are 

frequently addressed within basic education, a simple 

understanding of the second law based on the exergy 

definition is not part of it. Correspondingly the “general 

public” still “consumes energy” and is misled by the official 

energy statistics. 

Indeed, the basic education curriculums could easily be 

completed with an exergy based access to the second law of 

thermodynamics and thus preparing the required 

understanding of the energy economy. A low barrier access 

to the second law can easily be provided based on the exergy 

notion as it is already defined in many dictionaries or 

according to Figure 2, which I have used in many lessons 

already. 

 

Figure 2: A simple explanation of exergy and of the 
second law of thermodynamics 

 

The second law of thermodynamics tells what is possible and 

what is impossible regarding energy conversion. According 

to Figure 2 it is easy to deepen the issue with examples like 

lifting a weight, electrical power or with the Carnot factor of 

a heat quantity explaining the exergy destruction by heat 

exchange across a temperature drop or by friction. Additional 

exergy destruction effects may be explained according to the 

class level. This does not need much mathematics. It can 
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easily be taught to most children before the education leaving 

age. 

The German Duden delivers a perfect explanation for the 

word “Exergie” while the word “exergy” is neither known by 

the English Merriam Webster (since 1828) nor by the Oxford 

on-line dictionary. This situation (checked in November 

2017) demonstrates the deplorable ignorance of the society 

regarding energy consumption. This issue can only be 

addressed with measures in the basic education. This is last, 

but not least, caused by the experience that many 

thermodynamic experts consider the notion “exergy” as 

something nice to know. 

PLEA FOR USING CORRECT TERMS IN ENERGY 
TECHNOLOGY 

Summarizing the above-explained misleading expressions in 

the colloquial language, we should apply the following: 

Wrong Correct 

Energy 

consumption 

Exergy consumption 

Energy loss To distinguish between “exergy loss” 

and “anergy discharge” 

Using up 

energy 

Using up exergy or convert exergy to 

anergy 

CHP thermal 

efficiency 

“CHP energy use factor” 

“Thermal efficiency” is limited to 

conversion into exclusively power or 

electricity.  

CONCLUSIONS 

 The term “energy consumption” in the colloquial 

language is in contradiction to the law of energy 

conservation and it should be replaced by “exergy 

consumption”. 

 The notion “Exergy” is indeed not used in most 

thermodynamic analysis. But it opens a great 

opportunity to establish understanding of the second 

law of thermodynamics and for the implication of the 

energy transition in the general public. 

NOMENCLATURE 

CGPM French: Conférence Générale des Poids et Mesures  

CHP Combined Heat and Power (plant) 

ECF Exergy Conversion Factor 

GCV Gross Calorific Value (also HHV) 

GTCC Gas Turbine Combined Cycle 

HHV Higher Heating Value of a combustible fuel 

IEA International Energy Agency 

IRES International Recommendations for Energy Statistics 

LED Light Emitting Diode 

LHV Lower Heating Value of a combustible fuel 

NCV Net Calorific Value (also LHV) 

PV Photovoltaics 

SI French Acronym «SI for Système International 

d'Unités», earlier MKSA system (Meter, Kilogram, 

Second, Ampere) [13]. 

T Temperature (K) 

Ta Ambient temperature (K) 

TPES Total Primary Energy Supply 
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