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Abstract 
Human societies may be modeled as very large complex systems involving multiple 

flows of energy and materials between different sectors. Traditional exergy analysis 

methods are inadequate for the analysis of such systems because they do not take non-

energetic flows into account. Extended exergy analysis (EEA) allows for the inclusion of 

exergetic equivalents of such non-energetic quantities as labor, capital and the costs of 

environmental remediation. It is also possible within an EEA context to evaluate the 

efficiency of domestic household energy use with respect to the rest of the economy by 

considering labor as an output from all households. In this work, extended exergy 

analysis is conducted to characterize the extraction, conversion, and end use of energy 

and materials in the Nova Scotian economy in 2006. 

The economy is divided into seven sectors reflecting the organization of economic data 

reported by Statistics Canada. The agriculture, industry, tertiary, domestic, natural 

resource extraction, energy conversion, and transportation sectors are each modeled 

according to their characteristic material and energy fluxes.  

A model of the structural connectivity of the economy in terms of exchanges between 

sectors is constructed using economic data generated by Statistic Canada. Equivalent 

values of exergy are computed for each flow of energy and material using exergy 

conversion factors found in the literature. Energy, exergy, and extended exergy 

efficiencies are calculated for each sector of the economy of Nova Scotia and compared 

with those of Norway, China, Italy, and the UK to identify similarities and differences 

between the composition and performance of sectors around the world. 
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Chapter 1: Introduction 

1.1 Background 

1.1.1 Exergy 
The location and degree of inefficient use of energy is a primary factor in the design and 

performance evaluation of any system. Rising energy costs shift economic design criteria 

from the initial investment to life cycle cost assessments, which require a more robust 

method of performance evaluation. To assess the effectiveness of energy utilization, a 

realistic measure of the efficiency of energy utilization must be applied. Exergy analysis 

provides a true measure of the efficiency of energy utilization through the application of 

both the first and second laws of thermodynamics. Exergy analysis answers the questions 

of where, why, and how much available work is lost to inefficiency in a system. The 

quantity “exergy” is the capacity to do work, calculated in relation to a defined baseline 

or zero level. Exergy has been defined by Szargut as follows (Szargut 1988): 

“Exergy is the amount of work obtainable when some matter is brought to a state 
of thermodynamic equilibrium with the common components of the natural 
surroundings by means of reversible processes, involving interaction only with 
the abovementioned components of nature.” 

Work is a useful final product derived from the expenditure of energy resources. Work is 

used to pump water, to create electricity, and power machines. It is made available in 

many forms, through the height difference of water held back by a hydroelectric dam, 

through high pressure, high temperature steam in a turbine/generator system. In these 

examples, the available work is depleted when the water level behind the dam drops to 

the level in front, and when the steam has condensed to liquid near the ambient 

temperature. When the system has reverted to the steady state of the surrounding 

environment, it can no longer perform work. Unlike energy, exergy is exempt from the 

law of conservation. Every real process involves irreversibilities that cause exergy to be 

lost (or destroyed), leading to a reduction in the useful effects of the process or to an 

increase in the amount of energy required to achieve the same effects (Szargut 1988). 

This is the basis of exergy analysis for energy systems. Exergy analysis can indicate the 
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possibility of improving the thermodynamic performance of a particular process, 

however; only an economic analysis can indicate the desirability of undertaking that 

improvement. 

In this work, exergy analysis is applied to the provincial economy of Nova Scotia for the 

year 2006. The approach of this work is similar to the classical application of exergy 

efficiency analyses; however, there are practical considerations that must be added to the 

analysis when dealing with human societies. The Nova Scotian economy is modeled as a 

very large complex system in order to analyze patterns of energy production and 

consumption. The system is assumed to be at steady state and the input and output flows 

between sectors of the economy are expressed in units of exergy (J). 

1.1.2 Exergy Analysis 
The methods of exergy analysis for thermal and other energy systems are well developed 

in the literature (Szargut 1988), and (Kotas 1985) and are not reproduced in this work. 

Exergy analyses of economic systems are less familiar but have been performed for 

countries like Canada (Rosen 1992), the United States (Reistad 1975), Norway (Ertesvåg 

and Mielnik 2000), and others. The availability of detailed statistical information on the 

national energy balance makes these analyses possible, though they are not common. The 

analysis of the United States for 1970 w as the first, and only considered the flows of 

energy carriers for final use in the society (Reistad 1975). Wall (1977) devised a method 

of accounting for all types of material and energy flows in his analysis of Sweden, 

including harvested food and wood, ores and minerals, and the products of these raw 

materials. It is Wall’s approach that is followed (though modifications are made where 

necessary) in the exergy analysis described in this work. 

1.1.3 Extended Exergy Analysis 
Exergy analysis is completely satisfactory from a thermodynamic perspective, but for the 

analysis of a s ystem that involves large flows of non-energetic quantities (such as a 

national or provincial economy), it is necessary to develop a basis for evaluating these 

externalities. Extended exergy analysis (EEA) assigns a value to labour, capital, and the 

costs of environmental remediation of waste within a system based on the total physical 
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exergy of materials and energy input to the system and a r eference abundance of the 

quantity in question. In this way, a valuation in which kJ/kg are consistently equivalent to 

kJ/$ or kJ/hour is developed (Sciubba 2001) and applied to a system to quantify the 

externalities that are excluded from an exergy analysis. 

Extended exergy analysis has been applied in recent years to a number of national and 

regional economies, including the province of Siena, Italy (Sciubba 2008), Norway 

(Ertesvåg 2005), and the UK (Gasparatos et al. 2009). These applications provide 

guidance for the application of the extended exergy analysis to the economy of Nova 

Scotia. In each case, the economy is divided into seven sectors: transportation, 

agriculture, extraction, conversion, tertiary, domestic and industry. The surrounding 

environment is represented as a separate sector, and other countries or regions with which 

the country in question might exchange mass flux, energy, capital, or labour, are 

represented as a sector as well. 

In the analysis of the province of Siena, Italy (Sciubba 2008), extended exergy 

accounting is applied at the provincial level. A division of seven economic sectors is 

used, with an eighth sector representing the rest of Italy included. An important 

difference between this application and those that precede it (Wall 1977), (Reistad 1975) 

is that all inputs to the domestic sector are accounted for as having been “filtered” 

through the commercial sector first. Of note is the presence of a significant geothermal 

energy industry in the province of Siena, the heat from which is accounted for in the 

extraction sector.  Accordingly, the environmental cost of remediation is much lower in 

the conversion sector for geothermal power than it would be for fossil fuel based energy 

conversion processes. Siena is found to have a relatively large flow of capital compared 

to its consumption of exergetic resources, indicating that the importance of the 

commercial sector in terms of exergetic consumption is greater than that of the industrial 

sector. Labour is found to have a high exergetic value overall (253 MJ/hour) (Sciubba 

2008), affecting the efficiency of all sectors but particularly the domestic sector. It is 

clear from the calculated exergy and extended exergy usage values that the inclusion of 

the flows of capital, labour, and environmental remediation has a drastic effect on a ll 

sectors of the economy. Different sectors are capable of using capital and labour in 
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different ways and with vastly different efficiencies. In particular, the domestic sector has 

a very low efficiency in terms of both exergy and energy. This can be explained by the 

fact that this sector does not produce appreciable amounts of energy, and is almost 

entirely reliant on high quality energy as an end user. 

In his analysis of the Norwegian economy for the year 2000, Ertesvåg (2005) builds on a 

previous exergy analysis of the Norwegian economy for the year 1995 (Ertesvåg and 

Mielnik 2000) to apply extended exergy accounting. This is an approach also used by 

Gasparatos et al. (2009) in their analysis of the UK economy for the year 2004. Both of 

these analyses follow the approach described first by Wall (1977) for the exergy analysis 

and the extension to non-energetic quantities described by Sciubba (2001).  

1.1.4 Economic Indicators of the Economy of Nova Scotia in 2006 
The gross domestic product (GDP) of a country or region represents an aggregate of the 

total economic production for the specified time period. GDP provides not only an 

indication of the market values of goods produced within an economy but also a measure 

of growth when compared quarterly (or annually).  

In 2006, N ova Scotia’s GDP grew at a rate of 0.9%, similar to the growth rate in the 

previous four years. This is below the national average GDP growth in the same year of 

approximately 2.8%.  The Nova Scotia GDP had grown at a lower rate than the national 

average for four years; between 2003 and 2006. This growth rate is attributed to a drop in 

manufacturing and forestry output compared to previous years, as well as a decline in 

natural gas and oil production. Corporate profits and export activity also contracted in 

2006 following several years of growth. Sharp growth in business investment in non-

residential construction, along with steady residential construction growth contributed 

positively to the GDP growth rate (NS Finance 2007). The distribution of GDP between 

the Agriculture, Extraction, Conversion, Industry, Transportation, and Tertiary sectors is 

shown in Figure 1, out of a total of $25.9 billion dollars. 



 
 

5 
 

 

Figure 1- GDP distribution between sectors of the Nova Scotian economy, 2006. 

The official energy balance of Nova Scotia is reported by Statistics Canada in the Report 

on Energy Supply and Demand (Energy Supply Demand 2007). The energy flows into 

and out of the Nova Scotian economy, as well as the relative share of end uses for 2006 

are shown in Figure 2. 
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Figure 2 - Energy flows of the Nova Scotian economy 2006 (PJ). 
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1.2 Objective 
The objective of this work is twofold: 

• An exergy analysis of the material and energy fluxes transferred between 

economic sectors in Nova Scotia for 2006. 

• An extended exergy analysis including the non-energetic fluxes of labour and 

capital transferred between economic sectors in Nova Scotia for 2006. 

An exergy analysis of the economic sectors of Canada for the year 1986 was published 

by Rosen (1992), but this analysis did not include any attempt to quantify the exergetic 

value of non-energetic quantities like labour and capital, and did not consider the 

question of waste materials deposited in the environment. This is the first exergy (and 

extended exergy) analysis of the Canadian economy at the provincial level and serves as 

a guide for future analyses. 
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Chapter 2: Methodology 
The procedures described below are the result of applying a methodology developed for 

exergy analysis of very large complex systems (Sciubba 2008) to the provincial economy 

of Nova Scotia. The underlying principles are the same, although some minor accounting 

changes are described. The purpose of this accounting is to determine the efficiency with 

which each sector of the economy consumes natural resources, capital, labour, and 

energy carriers and produces products, capital, and other quantities. 

2.1 Calculation of Exergy 
The exergy of a system (esys) can be described in terms of physical (ePH), kinetic (eKN),  

potential (ePT),  and chemical (eCH) exergy (Sciubba 2008). The calculation of the total 

exergetic content of a system is as follows (Sciubba 2008), (Tsatsaronis 2007), and 

(Sciubba 2001): 

𝑒𝑠𝑦𝑠 = 𝑒𝑃𝐻 + 𝑒𝐾𝑁 + 𝑒𝑃𝑇 + 𝑒𝐶𝐻       (1) 

𝑒𝑃𝐻 = (𝑈𝑖 − 𝑈0) + 𝑝0 ∙ (𝑉𝑖 − 𝑉0) − 𝑇0 ∙ (𝑆𝑖 − 𝑆0) = (𝐻𝑖 − 𝐻0) + 𝑇0 ∙ (𝑆𝑖 − 𝑆0)  (2) 

𝑒𝐾𝑁 = 1
2
∙ 𝑚 ∙ (𝑣𝑖 − 𝑣0)2        (3) 

𝑒𝑃𝑇 = 𝑚 ∙ 𝑔 ∙ (𝑧𝑖 − 𝑧0)        (4) 

𝑒𝐶𝐻 = ∑ (𝜇𝑖𝑐𝑖 − 𝜇0𝑐0)𝑖         (5) 

Where subscript 0 refers to the state of the reference environment. 

Physical exergy is an extensive property relative to the reference state (Sciubba 2001). 

Chemical exergy is a measure of the deviation between the chemical composition of the 

system and the reference environment (Tsatsaronis 2007).  T he kinetic and potential 

components of exergy are neglected for the purposes of the extended exergy analysis 

(Sciubba 2001).  T he types of activities evaluated in an extended exergy analysis of a 

system like the economy of a province generally do not require quantification in terms of 

kinetic and potential exergy. These quantities are difficult to define in the context of an 
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exergy balance of an economic sector (since they do not add any useful information to 

the analysis).  

The total exergy of a s tream (the sum of the physical and chemical components of 

exergy) can be increased or decreased through thermal, mechanical, or chemical 

interaction with other systems. The final value of physical exergy of the stream reflects 

both the quantity (variation in enthalpy) and quality (variation in entropy and chemical 

potential) of the energetic interactions (Sciubba 2001). Exergy is an additive quantity, 

meaning that individual contributions from interactions can be summed.  This allows for 

the total exergetic value of the stream after independent interactions with energetic 

systems to be expressed in units of exergy, provided these interactions are expressed in 

their equivalent exergetic values. Exergy can be transferred between systems and 

destroyed by irreversibilities within systems. Exergy is ultimately accounted for in an 

exergy balance (Moran 1994). 

2.1.1 Reference environment 
The potential for doing work exists whenever a system at a state different from that of the 

environment is brought into communication with the environment. Absent interference 

from other influences, the system and the environment will eventually arrive at an 

equilibrium state, known as the “dead state”. At the dead state, the conditions of thermal, 

chemical, and mechanical equilibrium are satisfied and there is no opportunity to develop 

work between the two systems. The exergy of the system at its original state is the 

maximum theoretical work obtainable as it interacts to equilibrium with the environment. 

The idealized model of the environment (the reference environment) has several 

characteristics: 

• It is in stable equilibrium, and all parts are at rest relative to each other. 
• No chemical reactions can occur between separate components. 
• It acts as an infinite system or reservoir, whether as a sink or source for heat and 

mass. 
• Its intensive state remains unchanged (temperature, pressure, and chemical 

potentials remain constant) regardless of the amount of energy and mass 
transferred. 
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In other words, the reference environment is regarded to be a simple compressible 

system, infinitely large in extent, and uniform in temperature and pressure. The natural 

environment does not possess these theoretical characteristics, as it is most certainly not 

in stable equilibrium and is not infinitely large. Although it is possible to define a tailored 

reference environment for any particular application, this approach generally does not 

produce appreciably more accurate results (Sciubba 2008). Accordingly, for the purposes 

of this study, the standard reference environment of Szargut (1988). is used: 

Pressure P0 = 1.01325 bar 

Temperature T0 =298.15 K 

This is the standard state used by Szargut (1988) for the calculation of thermo-chemical 

data. P0 and T0 may be considered to be standardized environmental parameters. From 

the assumption that all parts of the reference environment are at standard temperature and 

pressure and are in mutual equilibrium, chemical exergy values have been calculated for 

reference substances from all different parts of the environment (i.e. the atmosphere, the 

oceans and other bodies of water, and the Earth’s crust). 

Gaseous components are assumed to behave as an ideal gas at standard temperature and 

pressure. Values of standard molar chemical exergy are given for most chemical elements 

and a wide selection of common chemical compounds in Szargut (1988). For compounds 

not listed in available tables, the molar chemical exergy can be calculated from the values 

of chemical exergy of the constituent elements and the appropriate value of the Gibbs 

function of formation: 

𝜀̃0 =  ∆𝑔�𝑓0 + ∑𝑒𝑒𝑙0          (6) 

Where ∆𝑔�𝑓0  is the standard molar Gibbs function of formation and 𝑒𝑒𝑙0  is the standard 

chemical exergy of the constituent elements per mol of compound. 

2.1.2 Choice of Control Volume 
In traditional exergetic analyses, the control volume is drawn such that it only encloses 

the process under investigation. Fluxes are accounted for as they cross the control volume 
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boundaries between the process and the environment and other processes. Exchanges of 

mass and energy that occur within the control volume are hidden from the analysis. 

Extended exergy analysis necessarily includes an expansion of the control volume over 

traditional analysis. The boundaries must be sufficiently large to allow effluent from the 

process to exit the boundary at a state of zero physical exergy (i.e. with similar 

composition to the reference environment.). This is accomplished by including the 

immediate surroundings of the process and effluent treatment in the control volume. An 

effluent stream can then be said to cause zero impact on the environment as it will be in 

thermodynamic equilibrium with the reference state before being discharged into the 

environment. 

Similarly, the control volume must include the portion of the environment from which 

resources and minerals are extracted. Due to the chemical similarity of the composition of 

many minerals (and other resources) to that of the surrounding environment, detailed 

knowledge of the composition of the extraction site is required in order to compute the 

physical exergy. If the composition of the resource at the extraction site is known, then 

the chemical portion of the physical exergy can be computed based on the resource’s 

chemical composition, physical state, and the Gibbs energy of formation of its 

constituents. If the resource is chemically indistinguishable from the reference state, then 

the chemical portion of the physical exergy will be equal to zero. 

2.2 Extended Exergy Accounting 
The Extended Exergy Accounting (EEA) method incorporates some elements of existing 

exergy analysis methods like life-cycle analysis, cumulative exergy analysis, emergy (or 

embodied energy) analysis, and complex systems analysis (Sciubba 2001). ‘Extended’ 

refers to the inclusion of previously neglected non-energetic quantities such as labour, 

capital, and environmental remediation costs in the analysis.  Equivalent exergetic values 

are assigned to these flows within a system for the purposes of accounting. 

 In any real process, the exergy input always exceeds the exergy output due to 

irreversibility (exergy destruction) in the system (Sciubba 2003). Any particular material 

or product stream has an exergetic value given by the sum of its physical and chemical 



 
 

12 
 

exergy. Added to this is the sum of all net exergetic inputs, direct and indirect, received 

from all processes applied to the stream, as well as the exergetic equivalents of capital, 

labour and environmental remediation costs. Irreversibilities are debited from this sum as 

exergy destruction (Sciubba 2001). 

Once all flows of material and energy, labour and capital have been identified and 

assigned equivalent exergetic values, the system or sector conversion effectiveness (εP), 

which is given by Sciubba (2003 and 2008) can be computed: 

𝜀𝑃 =  𝑒𝑒𝑂1
∑ 𝑒𝑒𝐼,𝑗𝑗

          (1) 

The extended exergetic cost (cP) is simply the reciprocal of the conversion effectiveness, 

such that: 

𝑐𝑃 =  
∑ 𝑒𝑒𝐼,𝑗𝑗

𝑒𝑒𝑂1
          (2) 

Where eeO1 is the total extended exergy of the output and eeI,j is the sum of the 

equivalent exergetic inputs required to create the output.  

2.2.1 The Effect of the Choice of the Time Window on the EEA 
When performing an analysis such as the EEA, it is required to define the time period of 

the accounting. The accounting balance sheet will be affected by the inclusion of more or 

fewer exergy flows depending on the time period chosen. For example, when choosing a 

time scale for the biodegradability of effluent in the environment, environmental 

regulations prescribe a certain time interval for the effects of the effluent to be buffered 

by the surrounding environment. Extending the time interval of the analysis may decrease 

the exergetic value of the cleanup costs; however, this approach blurs the definition of 

‘zero environmental impact’. Shortening the time interval of the analysis may lead to 

increased unnecessary costs in the exergetic balance of the process, because it fails to 

incorporate the buffering capacity of the biosphere. 

Decisions on the scale of the time interval for exergy analysis must be made on a case by 

case basis. For the analysis of complex systems such as a country or region, it is 
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convenient to use the time scale of one year, as most of the relevant statistics are 

published on an annual basis.  

2.2.2 A general model for the application of EEA to Nova Scotia 
In the EEA method for a nation or other large social system, the society is broken down 

into seven sectors to be included in the control volume. This is assumed to be a suitable 

disaggregation layer as it in cludes the five traditional economic sectors (Tertiary, 

Industry, Transportation, Agriculture, Domestic) as well as a sector representing the 

activity involved in the extraction of natural resources, and a sector representing the 

totality of energy conversion processes (Sciubba 2008). These two sectors, along with the 

agricultural sector, are largely responsible for societal exchanges of mass and energy with 

the environment. 

The choice of the geographical boundaries of a country or province as the system 

boundary for exergy analysis is a matter of convenience, as statistical data are available 

on a geographical basis. Major inputs to the system include commodities and energy 

carriers that are imported, harvested and extracted, or otherwise harnessed from the 

environment. Major outputs of the system are products, materials, goods, and services 

that are consumed or exported. 

The seven sectors correspond to the reporting methodologies by which Statistics Canada 

collects economic data, making them convenient for application to the EEA. Outside of 

the control volume are the environment (earth’s crust, atmosphere, oceans, and the 

natural environment) and other nations, including the Atlantic Region and the rest of 

Canada. Transfers of mass and energy between sectors are classified as fluxes. Fluxes 

between sectors (such as labour, waste, products, capital, natural resources, heat 

discharges) are assigned equivalent exergetic values according to the ratio of energy to 

exergy as established in the literature for each type of flux. 

A model of the economic activity that takes place within the Nova Scotian society is 

realized in this work as a series of linked data sheets. Exergy balances for each sector of 

the society are tabulated in separate sheets and linked together to complete the picture. 
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The extended exergy of each sector is calculated after the initial exergy analysis has been 

completed.  

Each exergy flux between two sectors is represented by a flux category (see section 2.2.4) 

and a subscript listing the originating sector followed by the destination sector. For 

example, a flux of petroleum products from the Conversion sector to the Transportation 

sector is represented as Rco,tr, a flux of waste from the Domestic sector to the Tertiary 

sector is represented as Pdo,te, and so on. 

Equivalent exergetic fluxes of the same type with the same destination and origin are 

summed for the analysis of each sector. For example, flows of matter from the extraction 

sector to the conversion sector include natural gas, coal, and crude oil, among other 

quantities. There may be several different types of coal or grades of oil produced by the 

extraction sector. At this level of disaggregation, the exergetic value of the particular 

flow of matter is the sum of the exergetic values of the different types of fuel that 

combine to make up the term  reported by statistical agencies as “coal”. These sums are 

tabulated on s eparate, linked data sheets. All flows are similarly disaggregated as is 

appropriate, according to the complexity of the composition of any particular flow.  

2.2.3 Sector Definitions 
The economic activity included in each sector is listed below. It should be noted that the 

accounting for each sector includes the import/export and transport of any raw materials 

or goods related to the sector activity and labour, capital and environmental remediation 

inputs and outputs. The activities, inputs, outputs, and main sources of data for each 

sector in Nova Scotia are listed in Table 1. 

• Extraction (Ex) – includes all mining activities related to mineral extraction and 

processing, as well as oil and natural gas extraction and related activities. 

• Conversion (Co) – includes transformation of raw materials into fuels and energy 

as well as primary electricity production from solar, wind, hydro, tidal, and 

geothermal sources. 

• Industry (In) – includes all construction and manufacturing industries. 
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• Transportation (Tr) – includes transportation of goods and passengers by rail, 

air, land, and sea and related activities, as well as warehousing of goods. 

• Tertiary (Te) – includes all activities related to the service sector  - wholesale 

and retail trade, information and cultural industries, finance, real estate, insurance, 

rental and leasing, professional, scientific, and technical services, administration 

and support for waste management and remediation activities, educational 

services, health care and social assistance, arts, entertainment and recreation, 

accommodation and food services, non-profit institutions and the government 

sector. 

• Agriculture (Ag) – includes crop and animal production, forestry and logging, 

fishing and aquaculture, hunting and trapping, and related support activities. 

• Domestic (Do) – includes all households. 

Table 1 - Activities, inputs, outputs, and  main sources of data for each sector of the 

economy in Nova Scotia. 

Sector Major Activities Main Inputs Main Outputs Data Sources 

Ex Oil and gas extraction (on- 
and off-shore), coal 
mining, extraction of ores 
and minerals 

Energy carriers, 
primary resources 

Primary resources Report on Energy Supply 
and Demand in Canada 

Co Heat and power plants, 
including coal and 
oil/natural gas, as well as 
hydro, wind, solar, and 
geothermal, energy carrier 
production 

Recycled waste, 
natural resources, 
energy carriers 

Primary resources, 
secondary resources, 
thermal discharge 

Report on Energy Supply 
and Demand in Canada 

In All industrial and 
manufacturing activities, 
excluding food processing 
and energy industries 

Natural 
resources, 
products, 
resources, and 
energy carriers 

Products, waste Statistics Canada, 
Canadian International 
Merchandise Trade 
Database 

Te Private and public sector 
services, including trade, 
commerce, finance, real 
estate, construction, 
schools, hospitals, hotels 
and tourism, 
entertainment, municipal 
engineering 

Energy carriers, 
natural resources, 
and products 

Labor and products Report on Energy Supply 
and Demand in Canada, 
Provincial and Territorial 
Economic Accounts 
Review, The Input-
Output Structure of the 
Canadian Economy 

Ag Agriculture, fisheries 
(including fish farming), 
forestry, hunting, and 
related food processing 
industries. Food retail is 
included in Te sector 

Petroleum 
products, 
electricity, and 
other energy 
carriers, natural 
resources 

Natural resources NS Department of 
Agriculture 
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Sector Major Activities Main Inputs Main Outputs Data Sources 

Do Households Products, energy 
carriers, natural 
resources 

Labor, waste Provincial and Territorial 
Economic Accounts 
Review, Report on 
Energy Supply and 
Demand in Canada, 
CANSIM tables. 

Tr Commercial 
transportation services of 
people and goods . 

Energy carriers Products, waste, and 
thermal discharge 

Report on Energy Supply 
and Demand in Canada 

E The natural environment 
(earth’s crust, oceans, 
atmosphere) 

Thermal 
discharge and 
waste 

Resources Human Activity and the 
Environment 

A The rest of Canada and 
Abroad 

Exports to other 
provinces and 
countries 

Imports from other 
provinces and 
countries 

The Input-Output 
Structure of the Canadian 
Economy, Canadian 
International 
Merchandise Trade 
Database 

2.2.4 Flux Definitions 
Following the approach of Wall (1977), exergy conversion efficiency is calculated by 

only considering output fluxes that are transferred between sectors to be useful.  T he 

accounting is done on this basis, such that output fluxes from conversion processes (like 

space heating and lighting) are not classified as outputs unless they are subsequently 

transferred between sectors. As such, products that are considered “final use” in a sector 

are accounted for in trash or discharge fluxes, with a corresponding drop in exergy 

content – caused by the destruction of exergy as the product is consumed. 

Each flux is categorized according to the following: 

• R - resources, primary (fossil fuels, solar, wind, minerals, metals, geothermal, 

hydraulic) and secondary (products from petroleum refining, mineral- and metal 

working), and electric energy.  

• N - natural resources (agricultural products, wood, natural fibers, livestock, fish, 

game).  

• P - products (products and services generated by In, Tr, and Te-sectors). 

• T - trash fluxes (organic and inorganic waste materials) deposited in the 

environment. 

• D - discharge (combustion gases, thermal discharge including radiated heat), 

waste heat and mass spread in the environment at low temperature. 
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• W – Human work hours, labour 

• C– Capital 

Monetary flux, i.e. capital (C) is defined as (Sciubba 2008): 

𝑒𝑒𝐶𝑎𝑝 = 𝑒𝑖𝑛,𝑠𝑜𝑐𝑖𝑒𝑡𝑦

𝑀2
         (3) 

𝐶 = 𝑒𝑒𝐶𝑎𝑝 ∙ 𝐶𝑖𝑛         (4) 

Where ein is the total exergy influx to the society, and M2 is the reference amount of 

currency available in the society, a term known to economists as “broad money”, which 

is defined by the Bank of Canada (BoC 2011) as:  

“M2 (gross):  C urrency outside banks plus bank personal deposits, bank non-

personal demand and notice deposits; less interbank deposits; plus continuity 

adjustments.” 

In other words, the value of capital in terms of the exergy per monetary unit of the society 

is the ratio of the total exergy consumption to the monetary circulation within that 

society. This flux is measured in J/$, and can be converted to a value of capital in any 

particular sector (C) by multiplying eeCap by the capital influx to that sector (Cin). 

Similarly, labour flux (W) is defined as (Sciubba 2008): 

𝑊 = 𝑛 × 𝑒𝑖𝑛,𝑠𝑜𝑐𝑖𝑒𝑡𝑦

𝑛𝑡𝑜𝑡
         (5) 

Where n is the flux of work-hours into a particular sector, ntot is the total amount of work-

hours generated in the entire system, and ein is the total exergy influx to the society. This 

calculation is useful when it is the exergetic value of labour in a particular sector that is 

under investigation. If instead the primary resource value of labour over the entire society 

is desired, then the total number of work hours generated in the Domestic sector 

(nworkhours,Do sector) is used: 

𝑒𝑒𝐿𝑎𝑏 = 𝑒𝑖𝑛,𝑠𝑒𝑐𝑡𝑜𝑟
𝑛𝑤𝑜𝑟𝑘ℎ𝑜𝑢𝑟𝑠,𝐷𝑜 𝑠𝑒𝑐𝑡𝑜𝑟

        (6) 
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The exergetic cost of environmental remediation is computed by the addition of a real or 

virtual effluent treatment process downstream of every production flux under 

investigation, such that the physical exergy of each effluent is reduced to zero before 

being returned to the environment; i.e. the reference state. Each treatment process 

requires material, energy, capital, and labour that must be accounted for under the 

principles of the EEA method (Sciubba 2008 and 2003). 

2.3 Equivalent Exergy Value of Fluxes  
All fluxes of material and energy are assigned exergetic values according to the 

established literature; for example mechanical, waterfall, electrical and other energy 

flows have energy values equivalent to their exergy content (Ertesvåg 2005). The exergy 

content of commonly used chemical fuels, seen in Table 2, is given by the ratios of 

exergy to energy calculated in the literature by Szargut (1988) and De Meester et al. 

(2006). The ratios for chemical fuels are based on the lower heating value (LHV), which 

corresponds to the standard of reporting of most national statistical agencies, including 

Statistics Canada. The exergy factors for fuel wood are also based on LHV, as wood 

generally contains ~20% moisture. 

Exergy values for metals and minerals are similarly found in the literature, most notably 

in tables provided by Szargut (1988) (see Appendix A). It is suggested in the literature 

that food and fodder be assigned an exergetic value equivalent to their nutrient energy, 

mostly due to a lack of a better model (Sciubba 2008), (Ertesvåg 2005).   

Table 2 - Ratio of exergy content to energy content for some hydrocarbon fuels. 

Energy Carriers Ratio 

Coal 1.06 

Coke 1.05 

Crude oil 1.08 

Gasoline 1.07 
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Energy Carriers Ratio 

Diesel oil 1.06 

Kerosene 1.07 

Fuel oil 1.06 

LPG 1.06 

Other petroleum products 1.06 

Natural gas 1.04 
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Chapter 3: Exergy Analysis 

3.1 The Agriculture Sector in Nova Scotia  
According to the North American Industry Classification System (NAICS), the 

agriculture industry in Nova Scotia includes establishments primarily engaged in the 

growing of crops, the raising of animals, nursery and floriculture production, aquaculture, 

and Christmas tree production (NS Finance 2007). These establishments are categorized 

as farms for the purposes of the census, and include greenhouse operations and fur farms. 

Also included are establishments that are primarily engaged in providing essential 

support services to the activities listed previously.   

In this work, the forestry industry is presumed to fall under the agriculture sector and 

therefore includes the production of Christmas trees. Likewise, the fishing and 

aquaculture industries are categorized as part of the agriculture sector as they involve the 

harvesting of natural resources for input to the economy. In 2006, there were 5,095 farm 

operators and approximately 10,400 fishers in Nova Scotia, accounting for $684.2 million 

of GDP, 11% the goods-producing sectors of the economy, and approximately 3% of the 

total economy (NS Finance 2007). Figure 1 presents the main activities of the Agriculture 

sector, including the inputs and outputs and their origins and destinations. 
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Figure 3 - Agriculture sector flux origins and destinations. 

Information on the agriculture industry is gathered every five years by Statistics Canada 

and is reported in The Census of Agriculture. Fortunately for this work, The Census of 

Agriculture was undertaken in 2006 and data from that report is included in the Nova 

Scotia Statistical Review (NS Finance 2007).  

3.1.1 The Farming Industry in Nova Scotia and Farm Products 
A wide range of data is collected every five years, including the number and type of 

farms, the operating expenses and receipts, and information on the production of these 

establishments. In 2006, 3,795 farms were counted in Nova Scotia, with a total area of 

995,942 acres (NS Finance 2007). Approximately three quarters of the farm area is 

concentrated in the North Shore region (48.1%) and the Annapolis Valley region 

(28.3%). 48.9% of this land is used for Christmas tree production (woodlands and 

wetlands included), 28.9% is used for crop production, 7.8% is used as natural land for 

pasture, 5.8% in tame or seeded pasture, and 0.3% as summerfallow land.  The remaining 

8.1% is classified as “other land”, which may comprise part of a farm establishment but 
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not contribute directly to the farm production (roads, drainage areas, parking, etc.) (NS 

Finance 2007). Irrigation is not widely employed in Nova Scotia. Figure 2 s hows the 

agricultural land use in Nova Scotia relative to the total amount of agricultural land. 

 

Figure 4 - Agricultural land use in Nova Scotia from a total of 995,942 acres (NS 

Finance 2007). 

Total farm cash receipts are reported for 2006 as $447.6 million, a decline of 2.6% over 

the same data in 2005. Of that total, cash receipts for the sale of forest products 

(Christmas trees and maple products) are reported as $22.2 million. $303.2 million is 

from the sale of livestock and products; $107.7 million is from the sale of crops; $1.6 

million is crop insurance payments from the insurance industry, and $12.8 million is from 

payments from the government (NS Finance 2007). 

The products of farming activity in Nova Scotia include crops like grains, fruits and 

vegetables, and ornamental plants, and animal products like beef, pork, poultry, milk, 

eggs, and fish (from aquaculture). The greenhouse industry largely produces vegetables 

and ornamental plants but these natural resources have negligible energy and exergy 
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contents. Production statistics for each year are available from the Statistics Canada and 

the NS Department of Agriculture (NS DoA 2011).  

3.1.1.1 Farming Product Energy and Exergy Contents 

Tabulated experimental data on the specific exergy content of individual foods and other 

agricultural products is not available in the literature. Similar exergy analyses have used 

estimates of per-capita production and consumption for calculating the exergy contents of 

food-based fluxes (Chen 2009), (Gasparatos et al. 2009). In these analyses, the equivalent 

exergetic value of any particular food-based flux is based on the average acreage used to 

produce the resource in question and reported values of per-capita consumption. As the 

production statistics for each commodity are readily available from Statistics Canada 

through the Nova Scotia Department of Agriculture (NS DoA 2006), the actual amounts 

produced are used here to determine the exergy content of the agriculture sector flows. 

The exergy content of food products produced by the agriculture sector was assumed to 

be roughly equivalent to their nutrient energy content according to Gasparatos et al. 

(2008). The nutrient energy content of each product was retrieved from the US 

Department of Agriculture’s Nutrient Data Laboratory (US DoA 2011).  

3.1.1.2 Exergy Fluxes into and out of the Farming Industry 

The main inputs to the farming industry include fuels, electricity, fertilizer, minerals, 

seeds, fodder for animals, and pesticides. The most common fuels used are gasoline and 

other petroleum products like diesel fuel oil (NS Finance 2007). Many farms use small 

amounts of renewable resources like biomass as a fuel source, but as these resources are 

generated and consumed within the sector without being transferred to another sector 

they are not accounted for under this analysis. 

The agriculture sector as a whole consumes both electricity and liquid fuels sourced from 

the conversion sector. Diesel fuel oil is used extensively in farm machinery and 

equipment and light fuel oil is frequently used to heat outbuildings and spaces for animals 

(NS Finance 2007). Electricity is mainly used for the operation of equipment and 

lighting. Equivalent exergy values of each type of fuel were calculated using LHVs 
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sourced from Borgnakke (2009) and Gasparatos (2008) and equivalent exergy factors 

sourced from Szargut (1988) and Gasparatos (2008). 

Table 3 shows the consumption of various energy carriers within the agriculture sector, 

including the forestry and fishing industries. Diesel fuel oil makes up the largest portion 

of the refined petroleum product use within the sector at 2.13 PJ of energy. Fuel oil for 

heating makes up the second largest portion, at 0.75 PJ, and gasoline is third at 0.31 PJ, 

for a total of 3.19 PJ of energy. 0.21 PJ of electricity and 0.07 PJ of natural gas liquids 

(propane) make the total 3.47 PJ of total energy use for the sector, equivalent to 3.67 PJ 

exergy. 

Table 3 - Agriculture sector energy carrier use energy and equivalent exergy 

(Energy Supply Demand 2006). 

Energy Carrier Energy (PJ) Exergy (PJ) 

NGL 0.07 0.07 

Electricity 0.21 0.21 

Refined petroleum products 3.19 3.38 

Total 3.47 3.67 

Detailed statistics on the extent of fertilizer use in Nova Scotia are not available from the 

Department of Agriculture, nor are statistics on the specific types of fertilizer used. What 

is available is information on the area of farmland to which fertilizer is applied. In 2006, 

this area was 81,917 ha (202,417 acres) (NS Finance 2007).  

According to a 2004 S tatistics Canada report on fertilizers and pesticides, sales of 

fertilizer in Atlantic Canada were split roughly equally between phosphates, potash, and 

nitrogen fertilizers (Korol 2004). The same report indicates that an assumption of a 

fertilizer intensity factor across all cropland for the Atlantic region of approximately 60 

kg/ha is reasonable.  The exergy contents of phosphate, potash, and nitrogen fertilizers 

are calculated as the equivalent exergy of P2O5, K2O, and (NH4)2SO4, respectively 

(Gasparatos et al. 2009), (Szargut 1988), with the total mass of fertilizer split equally 

between the three types. Table 4 shows the result of this calculation. 
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Table 4 - Fertilizers used by the farming industry and equivalent exergy values 

(Korol 2004). 

Fertilizer Type Mass (kg) Specific Exergy (kJ/kg) Equivalent Exergy (kJ) 

Potash (K2O) 1,638,340 0.00439 7,184 

Phosphates (P2O5) 1,638,340 0.0001 163 

Nitrogen (NH4∙2SO4) 1,638,340 0.005 8,190 

Total 4,915,020 

 

15,538 

The calculated equivalent exergy of fertilizer used in Nova Scotia is 15,538 kJ. This 

amount is negligible and has been excluded from the final transfer structure between 

sectors. 

Approximately 329 tonnes of seed are imported annually for sowing crops grown by the 

farming industry in Nova Scotia. The vast majority (300 tonnes) is classified as grass 

seed by Statistics Canada, presumably for sowing wheat, barley, and oat crops (CIMTD 

2007). The nutrient energy of wheat and barley seed is unavailable in the literature so the 

nutrient energy of flaxseed is used instead.  

A significant portion of the farming sector is devoted to producing feed and fodder for 

animals of the same sector. Animal feed is not reported as a major export or import by 

Statistics Canada, therefore, in this analysis the hay and corn produced as animal feed is 

presumed to be consumed entirely within the agriculture sector. Equivalent exergy values 

for the production, import, export, and consumption of feed and seeds can be found in 

Table 5. 

Table 5 - Amounts of feed and seeds input to the farming industry for 2006 (TJ 

equivalent exergy) (NS DoA 2006). 

Commodity Production (TJ) Imports (TJ) Exports (TJ) Consumption (TJ) 

Seed for sowing 0.00 7.00 0.00 7.00 

Fodder corn 1067.00 0.00 0.00 1067.00 

Tame hay 3027.00 0.00 0.00 3027.00 

Total 4094.00 7.00 0.00 4101.00 
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Insecticides, herbicides, and fungicides are used every year on approximately half of the 

reporting farms in Nova Scotia, compared to approximately three-quarters of Canadian 

farms which deploy pesticides yearly (Korol 2004). Due to the unavailability of data on 

the amounts used and their specific chemical makeup, pesticide use has been neglected as 

an input to the farming industry in this work. 

The main outputs of the farming industry are food products and a much less significant 

amount of furs, mainly for export (NS Finance 2007). Under this analysis, the equivalent 

exergy of fur products is neglected as it is insignificant compared to similar amounts of 

food products. However, the money generated by the sale of fur products domestically 

and abroad is accounted for under the exergy equivalent capital fluxes calculated for the 

Agriculture sector. Table 6 shows the production, import, and export of 15 major 

agricultural products of farming for 2006 in tonnes (except for eggs, which are reported 

in dozens). 

Table 6 - Agriculture production (harvest), imports, and exports (tonnes) (NS DoA 

2006). 

Commodity 

Production 

(tonnes) 

Imports 

(tonnes) 

Exports 

(tonnes) 

Beef 12475 74 14 

Pork 18830 24 2524 

Lamb 335 51 0 

Eggs (dozens) 18069000 15002 7541 

Milk 101342 8 96 

Chicken/Turkey/Fowl 37078 502 522 

Potatoes 24766 156 218 

Apples 43000 0 14276 

Berries (Strawberries, blueberries, 

cranberries) 22837 651 12155 

Wheat 14500 4228 9144 

Oats 2900 7 42 
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Commodity 

Production 

(tonnes) 

Imports 

(tonnes) 

Exports 

(tonnes) 

Barley 5400 4141 0 

Corn (for grain) 19000 3607 1 

Seed 329 176 71 

Table 7 shows the production, import, and export of these natural resources by their 

associated equivalent exergy values. 

Table 7 - Agriculture production (harvest), imports, exports, and consumption, (TJ 

equivalent exergy). 

Commodity 

Production 

(TJ) 

Imports 

(TJ) 

Exports 

(TJ) 

Consumption 

(TJ) 

Beef 122.13 0.72 0.14 122.72 

Pork 157.99 0.20 21.17 137.01 

Lamb 3.41 0.52 0.00 3.93 

Eggs 64.94 0.05 0.03 64.97 

Milk 207.71 0.02 0.20 207.53 

Chicken/Turkey/Fowl 333.70 4.52 4.70 333.52 

Potatoes 82.22 0.52 0.72 82.02 

Apples 93.74 0.00 31.12 62.62 

Berries  52.45 1.49 27.92 26.03 

Wheat 205.61 59.95 129.66 135.90 

Oats 47.21 0.11 0.69 46.64 

Barley 79.97 61.33 0.00 141.30 

Corn (for grain) 68.40 12.99 0.00 81.38 

Seed 7.35 3.93 1.59 9.69 

Total human consumption (to 

Te sector) 1526.84 146.35 217.93 1455.26 

Seed for sowing 0.00 7.00 0.00 7.00 

Fodder corn 1067.00 0.00 0.00 1067.00 

Tame hay 3027.00 0.00 0.00 3027.00 
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Commodity 

Production 

(TJ) 

Imports 

(TJ) 

Exports 

(TJ) 

Consumption 

(TJ) 

Total harvest 5620.84 153.35 217.93 5556.26 

The final column of Table 7 shows the consumption of these natural resources 

(production minus exports plus imports) that is accounted for as an N-flux from the 

Agriculture sector to the Tertiary sector. Note that the final three rows of Table 7 (in 

italics) are consumed within the Agriculture sector and do not form part of the N-flux to 

the Tertiary sector. 

3.1.2 The Forestry Industry in Nova Scotia and Forestry Products 
According to the NAICS, forestry industry includes establishments primarily engaged in 

the growing and harvesting of timber on a long production cycle of 10 years or more (NS 

Finance 2007). Thus, production of Christmas trees and other products with production 

cycles shorter than 10 years are considered part of the agriculture industry rather than the 

forestry industry (NS DoA 2011). However, since the entire forestry industry is included 

under the Agriculture sector in this work, Christmas tree production has been reclassified 

to the forestry industry along with maple product production. 

Detailed forestry statistics for Nova Scotia are compiled by the Nova Scotia Department 

of Natural Resources (NS DNR 2010) while Statistics Canada reports a summary of the 

industry production (NS Finance 2007).  

According to the guidelines followed by the Nova Scotia Department of Natural 

Resources and the National Forestry Database (NFD 2011), harvested wood is measured 

in net merchantable m3, which is a measure of recently harvested (green) wood with an 

approximate moisture value of 50%. The forestry products produced in Nova Scotia 

include the following: 

• Logs - Stem of a tree after it has been felled; the raw material from which lumber, 

plywood, and other wood products are processed. 

• Bolts - Raw material used in the manufacture of shingles and shakes; short logs to 

be sawn for lumber or peeled for veneer.  
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• Pulpwood - Wood used to produce pulp used in the manufacture of paper 

products. Pulpwood is usually wood that is too small, of inferior quality, or the 

wrong species to be used in the manufacture of lumber or plywood.  

• Other industrial roundwood - Including poles, pilings, and other products still 

in the round.  

• Firewood – Wood used for domestic and recreational heating. 

• Fuelwood - Wood salvaged from mill waste, cull logs, branches, etc. and used to 

fuel fires in a boiler or furnace. 

• Maple Products – Includes syrup, sugar, taffy, and butter. 

• Christmas Trees – Usually balsam fir, seasonal applications. 

The wood harvest in Nova Scotia includes softwood and hardwood species.  Softwood 

species are cone-bearing trees having needle- or scale-like leaves belonging to the 

botanical group Gymnospermae, while hardwood species have broad leaves that are 

usually shed annually and belong to the botanical group Angiospermae. In 2006, the total 

forestry production of all types of wood was 5,209,192 m3. Of this total, softwood species 

made up 4,566,816 net merchantable m3 corresponding to 87.7 % of the total production, 

while hardwood species made up the remaining 12.3%, i.e. 642,376 net merchantable m3 

(NS Finance 2007). 

Softwood is processed in-province for a variety of uses, including lumber, plywood, and 

pulpwood, and exported for processing outside of the province.  The hardwood harvest is 

primarily for use as firewood and pulpwood. In 2006, of the 5,209,192 m3 production, 

907,897 m3 (17 %) was exported to other provinces or abroad, while 4,301,295 m3 (83 

%) was delivered to other sectors within the province (NS Finance 2007). 

Exports of wood products include both raw wood and fabricated wood products. 

Fabricated products, produced by the industrial sector, are subdivided into lumber, wood 

pulp and similar pulp, paper and paperboard, and other wood fabricated materials. These 

are products that have been processed within the province, separate from the exports of 

raw wood, which include both interprovincial and international exchanges. 
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2006 marked the passage of an agreement between the United States and Canada on the 

subject of softwood lumber trade (NS Finance 2007). Since 2002, bot h countervailing 

and anti-dumping duties were imposed by the United States on C anadian softwood 

lumber imports. The dispute was resolved through the establishment of a system of 

variable, price-based export taxes and quota limits on the Canadian side. Maritime 

Provinces were excluded from these requirements, where they had previously been 

subject to an anti-dumping duty rate of 2.1 % . This agreement went into effect on 

October 12, 2006, and export statistics have been adjusted to reflect the change (NS 

Finance 2007). 

3.1.2.1 Wood Product Energy and Exergy Contents 

The energy content of wood varies largely with moisture content. While energy content 

of bone dry wood fuel is between 18-22 GJ/t, energy content of wood fuel with 20% 

moisture (air dry) is about 15 GJ/t (Wall 1977). As the moisture content increases, the 

energy content decreases. For example, energy content of wood with 50% moisture is 

about 7.6 GJ/t (Ertesvåg 2005).  

Due to the large variation in the energy content of wood with moisture, and to a lesser 

extent the species, it is  not practical to attempt deriving specific exergy values for the 

different varieties of wood products. In their analysis of the exergy conversion in the 

Japanese and Italian societies, Wall (1990) and Wall, et al. (1994) use a value of 8.0 

GJ/m3 for specific exergy of wood, consisting primarily of soft wood species. 

Considering that softwood species have a density of about 500 kg/m3 on a dry basis, 8.0 

GJ/m3 specific exergy is equivalent to about 16 GJ/ton, which is close to the 17 GJ/ton 

value used by Ertesvåg and Mielnik in the exergy analysis of the Norwegian society 

(Ertesvåg and Mielnik 2000). Therefore, a specific exergy of 16 GJ/ton is used for wood 

in this work. Similarly, based on the work of Wall, (1986), a specific exergy value of 17 

PJ/Mton is used for paper.   

3.1.2.2 Exergy Fluxes into and out of the Forestry Industry 

The forest product output from the forestry industry is represented as exergy fluxes from 

the Agriculture sector to the Industrial, Tertiary, Abroad, and Domestic sectors. 
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The total equivalent exergy transferred from one sector to another is tabulated according 

to the classification methods of the EEA as a resource, natural resource, product, waste, 

or thermal discharge. The main equivalent exergetic outputs of the forestry industry are in 

the form of forest products, which are classified as a natural resource.  

Exergy inputs to the forestry industry include fuels and energy carriers, electricity, steam, 

and biomass in the form of wood. A total of 0.24 PJ equivalent exergy of energy carriers 

are transferred to the forestry industry from the Conversion sector. This amount is 

accounted for under the total input of energy carriers to the Agriculture sector. Wood 

liquors (effluents) are produced and burned within the industry to generate process heat 

for the production of products such as wood pulp. Under the EEA, these energy carriers 

are not accounted for separately on the balance sheet of the sector as they are 

intermediate products arising from the production of other commodities. Waste paper is 

assumed to be collected by the tertiary sector and transferred to the Industry sector for 

processing. 

Exports of wood products, which include both crude and fabricated materials, are 

accounted for as a flux from the Agriculture sector to the Abroad sector, which includes 

both interprovincial and international exchanges. Raw wood exports are represented by a 

flux from the Agriculture sector to the Abroad sector, while exports of fabricated 

products are represented by a portion of the exergy flux from the Industry sector to the 

Abroad sector. 

Fuel production (under the classification fuelwood, as opposed to firewood) from the 

forestry industry is a by-product of production processes.  Accordingly, the volume of 

fuelwood created by the industry rises and falls with the overall volume of production. 

This creates storage and transportation problems as the supply can fluctuate year to year, 

and fuels such as sawdust and wood shavings are difficult to transport and store. As a 

response to this problem, many facilities use the by-products of production in the 

generation of process heat and, occasionally, electricity. Similar to the treatment of wood 

liquors, this in-sector energy and energy carrier production is not accounted for under the 

EEA as there is no transfer of exergy between sectors. 
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The equivalent exergetic value of all forest products transferred from the Agriculture 

sector is equal to the equivalent exergetic value of the total production of the forestry 

industry for one year: 

5.21 𝑀𝑚3 𝑥 8.0 𝑃𝐽/𝑀𝑚3 =  41.67 𝑃𝐽      (1) 

Table 8 shows the volume, energy and equivalent exergy of all forestry products 

transferred from the Agriculture sector by destination for 2006. 

Table 8 - Transfer of forestry products from the Ag-sector for 2006 by destination. 

Category Volume 

(m3) 

Energy 

(PJ) 

Exergy 

(PJ) 

Destination 

Industrial roundwood 907,897 6.66 7.26 A sector 

Industrial roundwood, 

fuelwood 

4,281,002 31.42 34.25 In sector 

Forest products (C.trees) 358 0.00 0.00 Te sector 

Firewood 19,935 0.15 0.16 Do sector 

Total 5,209,192 38.23 41.67  

3.1.3 The Fishing Industry in Nova Scotia and Fish Products 
According to the NAICS, the fishing industry in Nova Scotia is comprised of 

establishments engaged in the commercial harvesting of finfish, shellfish, and other 

marine animals from their natural habitats. This is distinct from the aquaculture industry, 

which involves the cultivation of marine organisms. Information on the fishing industry 

is collected by the Department of Fisheries and Oceans and combined with export and 

financial information from Statistics Canada. Information on the aquaculture industry is 

collected by the Nova Scotia Department of Agriculture (NS Finance 2007) 

Major ports for the fishing industry in Nova Scotia include Lunenburg, Yarmouth, Lower 

West Pubnico, and Meteghan. The primary products of the fishing industry are pelagic 

fish like mackerel and herring, ground fish like haddock and halibut, and shellfish like 

lobster and scallops. There are also a variety of secondary products like seals, fish roes, 

and seaweed. By far the most lucrative product is lobster, and shellfish in general, most 
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of which are exported regionally and abroad. Nova Scotia exports of fish and fish 

products are valued at $957 m illion for 2006, m aking them the second largest export 

product group at 18.8% of the value of all exports (CIMTD 2011). 

3.1.3.1 Fish Product Energy and Exergy Contents 

Information on t he nutrient energy content of the products of the fishing industry is 

retrieved from the US Department of Agriculture’s Nutrient Data Laboratory (US DoA 

2011). Totals of the three classifications of products (finfish, shellfish, and misc.) are 

used to estimate nutrient energy content. The “misc.” classification is presumed to be 

entirely fish roe for simplification. The nutrient energy content of raw Atlantic haddock is 

used to represent the equivalent exergy of ground fish, the nutrient energy content of raw 

Atlantic herring is used to represent the equivalent exergy of pelagic fish, and the nutrient 

energy content of raw farmed Atlantic salmon is used to represent the equivalent exergy 

of farmed finfish. A combined estimate of the nutrient energy of raw molluscs is used to 

represent the equivalent exergy of shellfish.  

3.1.3.2 Exergy Fluxes into and out of the Fishing Industry 

The inputs to the fishing industry include a small amount of fuel (accounted for under the 

total input energy carriers to the Agriculture sector in Table 3) and imported pelagic and 

ground fish. 

The output of the fishing industry and the output of the aquaculture industry are 

combined and assigned equivalent exergetic values based on the process described above. 

Table 9 shows the total production, imports, exports and calculated final consumption 

(production minus exports plus imports) of seafood from the fishing and aquaculture 

industries for Nova Scotia in 2006. The majority of fish products are exported from the 

province fresh, while the majority of imports are generally frozen fillets. 
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Table 9 - Fishing and aquaculture industries production, imports, exports, and 

consumption (PJ). 

Fish 

classification 

Production 

(PJ) 

Imports 

(PJ) 

Exports 

(PJ) 

Consumption 

(PJ) 

Finfish 0.65 0.09 0.09 0.66 

Shellfish 0.38 0.00 0.20 0.18 

Misc. 0.00 0.00 0.00 0.00 

Total 1.04 0.10 0.29 0.84 

3.1.4 Exergy Fluxes into and out of the Agriculture Sector 
The main inputs to this sector are natural resources harvested from the environment and 

energy carriers. The main outputs of this sector are natural resources transferred to other 

sectors and exported. 

Table 10 summarizes the exergy inputs and outputs of the Agriculture sector as a whole. 

The total input to this sector is 49.6 PJ energy and 53.2 PJ exergy. The total output of this 

sector is 34.1 PJ energy and 37.0 PJ exergy. As mentioned previously in section 2.2.2, 

each flux is represented by the flux type (R for resources, N for natural resources, P for 

products, etc.) and a subscript denoting first the originating sector followed by the 

destination sector.  

Table 10 – Energy and exergy balance sheet, Agriculture sector, Nova Scotia 2006. 

Fluxes Energy (PJ) Exergy (PJ) Comments 
INPUT 

   Resources 
   R co,ag 3.47 3.67 Energy carriers 

    Natural Resources 
   N e,ag 38.23 41.67 Wood 

N e,ag 5.62 5.62 Harvest 
N e,ag 1.04 1.04 Fish 
N a,ag 0.25 0.25 Harvest, fish imports 

Products 
   P tr,ag 0.13 0.14 Cargo services 
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Fluxes Energy (PJ) Exergy (PJ) Comments 
P in,ag 0.57 0.59 Metals, minerals, etc 

    TOTAL INPUT 49.31 52.98 
 

    OUTPUT 
   Natural Resources 
   N ag,in 31.42 34.25 Wood 

N ag,do 0.15 0.16 Wood 
N ag,te 2.30 2.30 Food, forest products 

N ag,a 0.25 0.25 
Harvest, fish, wood 
exports 

    
    Products 

   P ag,te 0.02 0.02 Diverted waste 

    TOTAL OUTPUT 34.13 36.97 
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3.2 The Extraction Sector in Nova Scotia 
Under the EEA, the extraction sector is made up of the mining and oil and gas industries, 

defined in Canada under the North American Industry Classification System 

(NAICS) (Input Output 2006). It consists of establishments primarily engaged in 

extracting naturally occurring substances and minerals (solids, liquids and gases). This 

sector includes oil and gas extraction, mining (including well operations, quarrying, and 

pre-processing at the mine site), and associated support activities for the above (including 

exploration and development and associated contract or fee-based activities (Input Output 

2006). In this work coal extraction is treated as part of the oil and gas industry as it 

involves the production of an energy carrying fuel. Figure 5 presents the main activities 

of the Extraction sector, including the inputs and outputs and their origins and 

destinations. 

 

Figure 5 - Extraction Sector flux origins and destinations. 

The GDP of this sector in 2006 was $704.2 million, a decline of 10% over the previous 

year (NS Finance 2007). This sector represented 2.7% of the total GDP of the province in 
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2006, and $161.0 million in wages and salaries (NS Finance 2007). For the oil and gas 

industries, Statistics Canada reported employment of 3400, paying total wages of $109.4 

million (NS Finance 2007). For the mineral industries, Statistics Canada reported 31 

establishments paying total wages of $51.6 m illion in 2006 ( NS Finance 2007). 

Employment sustained by the total activity in the mineral industries was 1,046 full time 

jobs (NS Finance 2007). 

3.2.1 Mineral Extraction Industry in Nova Scotia 
Nova Scotia produces a variety of industrial minerals, including gypsum and anhydrite 

(usually mined together), salt, lead, zinc, quartz and silica sand, limestone, aggregates, 

and coal (NRCan 2008). In 2006, 85.2% of all gypsum produced in Canada was mined in 

Nova Scotia (approximately 8 m illion tons) (NS Finance 2007). All of this gypsum is 

exported to the United States for use in wallboard production. There are two salt mining 

operations in the province producing approximately 1 million tons of raw and refined salt 

products, which is about 10% of the total Canadian production (NS Finance 2007). Lead 

and zinc production for 2006 was negligible; however, exploration activities took place at 

a number of locations throughout the province (NRCan 2008). Quartz mining operations 

resumed in 2006; the companies involved stockpiled their production inventory for 

processing in early 2007 (NRCan 2008). Nova Scotia is also a significant producer of 

stone, with nearly 14 million tons quarried in 2006 (NS Finance 2007). A surface coal 

mining operation in Cape Breton continued in 2006; the company plans to extract a total 

of approximately 1.6 million tons over 7 years (NS Finance 2007). 

3.2.1.1 Mineral Production 

The exact production numbers for minerals in Nova Scotia are no longer reported by the 

Department of Natural Resources, and have not been since 2003. However, the values of 

these minerals are reported (NS DNR 2008), and are shown in Table 11. Production 

amounts for products are estimated where possible from the Canadian Minerals Yearbook 

(NRCan 2008) and the Nova Scotia Statistical Review (NS Finance 2007), based on 

average commodity prices for 2006. Exergy contents of these minerals are quite low as 

they are similar in composition to the reference environment (Kotas 1985).The 

production mass of anhydrite is included in the gypsum production mass. 
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As of the writing of this report there is a pilot project in Cape Breton to replace some 

amount of the coal burned to produce electricity with peat, however for 2006 the mass of 

peat produced in Nova Scotia is not known. It is assumed in this work that all of the salt 

production is transferred to the Industry sector for processing. 

Table 11 – Value, mass, and equivalent exergy of production for minerals in Nova 

Scotia for the year 2006 (NS DNR 2008). 

Mineral 

Value of 

Production ($,000) Produced (kt) Exergy (J) 

Anhydrite 2,038 x - 

Barite 596 0.497 7.20E+09 

Limestone 3,626 257 2.60E+09 

Clay  x x - 

Gypsum 108,525 7,740 3.80E+14 

Peat x x - 

Salt 55,631 978 2.88E+13 

Silica x x - 

Sand and Gravel 10,800 4,243 1.20E+14 

Stone 76,096 13,643 3.60E+14 

Barite, Limestone, Clay, 

Silica 12,256 x - 

Total 269,568 - 8.89E+14 

3.2.1.2 Mineral Product Energy and Exergy Contents 

All of the mineral products extracted in Nova Scotia have a z ero or negligible energy 

value except for peat. Peat prices are negotiated between the producer and end-user and 

are subject to privacy considerations along with the production amounts. Only the value 

of peat transactions is reported in the principal statistics of the mineral extraction 

industry. Due to a lack of information, the peat harvest has been excluded from the final 

accounting of total mineral production energy and exergy contents. Table 12 shows the 

standard chemical exergies of the minerals extracted in Nova Scotia for the year 2006.  
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Table 12 - Standard chemical exergies of commonly extracted minerals in Nova 

Scotia (Szargut 1988). 

Substance Common Name 

Standard Chemical Exergy 

(kJ/mol) 

BaSO4 Barite 3.4 

CaCO3 Limestone (Aragonite) 1.0 

CaSO4∙2H2O Gypsum 8.6 

NaCl Salt 14.3 

SiO2 Quartz 1.9 

All of the mineral products extracted in Nova Scotia (excluding peat) have extremely low 

values of standard chemical exergy. Though massive quantities of gypsum and anhydrite 

are extracted every year, their combined value of equivalent exergy is only 0.38 PJ. 

Similarly, the amounts of stone, sand, and gravel extracted every year yield (if they are 

assumed to have similar standard chemical exergies to quartz) only 0.48 PJ exergy 

equivalent.  Salt production yields an exergy value of 0.029 PJ.  Barite production yields 

7.2 GJ exergy equivalent, and limestone production yields 2.6 GJ exergy equivalent. The 

rest of the minerals yield negligible exergy values, giving a final value for the exergy of 

extracted minerals of 0.89 PJ. 

3.2.2 Oil and Gas Industry in Nova Scotia 
In 2006, natural gas was Nova Scotia’s single largest exported commodity (NS Finance 

2007). The sole natural gas project in Nova Scotia in 2006 w as the Sable Offshore 

Energy Project, which had been in operation since 1999 (ExxonMobil 2010). The Deep 

Panuke field was allowed to proceed in 2006; however, there was no exploration activity 

related to that project in 2006 (NS Finance 2007).  

3.2.2.1 Production of Energy Carriers 

The term “energy carriers” refers to primary resources that are classified as fuels. In 

particular, they are coal, oil and natural gas. Some energy carriers are produced by the 

conversion sector in the form of refined petroleum products, but this section deals only 

with the production of crude oil, natural gas, and coal by the extraction sector. Crude oil 

in this case refers to pentane plus condensates, crude bitumen and synthetic crude as well 
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as conventional crude. Table 13 shows the flows of these energy carriers into and out of 

the extraction sector for the year 2006. Energy values are calculated based on conversion 

factors provided by Statistics Canada for the year 2006 (Energy Supply-Demand 2006). 

Production figures are measured at a “net yield” level, meaning after exchanges in a 

refinery have taken place. 

3.2.2.2 Coal 

2173 kT of coal flows through the Nova Scotian extraction sector in 2006 ( Energy 

Supply-Demand 2006). Of this figure, 0.2 kT are produced in the province with the rest 

being imported from abroad. An adjustment to this figure is made on the order of 378 kT, 

most likely due to accounting and reporting errors at the source, making a final figure of 

2551 kT of coal available as a resource in the Extraction sector (NS Finance 2007). All of 

the coal is transferred to the conversion sector and almost all is converted to electricity 

while a small amount is eventually used in the manufacturing industries (Energy Supply-

Demand 2006). Coal mined in Nova Scotia is of a type called Canadian Bituminous. 

Imported coal has been converted to an equivalent energy value of Canadian Bituminous 

by Statistics Canada. 

3.2.2.3 Oil 

698 ML of oil are produced in Nova Scotia in 2006 ( Energy Supply-Demand 2006). 

Added to this are 3517 ML of imported oil and 993 ML of oil transferred from within the 

Atlantic region to Nova Scotia. 266 ML of the oil produced in Nova Scotia are exported 

outside the Atlantic region for a total figure of availability of 4943 ML. The amount of 

oil transformed into electricity is unknown to Statistics Canada for the reference period in 

question (Energy Statistics Handbook 2009), however for the purposes of this analysis it 

can be assumed that virtually all of the oil is transferred to the conversion industry for 

conversion into refined petroleum products. 
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3.2.2.4 Natural Gas 

3683 GL of natural gas are produced in Nova Scotia in 2006 (Energy Supply-Demand 

2006). Most of this gas (3418 GL) is transferred from Nova Scotia to the surrounding 

region as an exported resource (NS Finance 2007). Adjustments are made to this figure 

on the order of 4 GL due to stock adjustments and 36 GL due to other adjustments 

(Energy Supply-Demand 2006). 304 GL of natural gas are therefore available within the 

extraction industry as a resource in 2006 (Energy Statistics Handbook 2009). Of this, 143 

GL are consumed by the producers, providing an energy discharge to the environment 

equivalent to the energy content of the consumed gas (Energy Statistics Handbook 2009).  

Table 13 - Flows of energy carriers within the extraction sector of Nova Scotia, 2006. 

Fuel Coal 

 

Natural 

Gas 

 

Crude 

Oil 

 

 

kT TJ GL TJ ML TJ 

Produced  0  6  3,683  140,603  698  26,751 

Imported  2,173  64,808  . . 3,517  134,783 

Exported 0  0  . . -266  -10,178 

Inter-regional 

Transfer 0  0  -3,418  -130,498  993  38,063 

Stock Variation 0  0  -4  -150  x x 

Other Adjustments 378  10,936  36  1,362  x x 

Availability 2,551  75,750  304  11,618  4,943  189,419  

Producer 

Consumption 0  0  143  5,467  . . 

3.2.2.5 Oil and Gas Product Energy and Exergy Contents 

Computing the exact chemical exergy content of each individual energy carrier can be a 

difficult and tedious task. If the mass fractions and the atomic ratios of H2, C, O2, and N2 

are known, then the exergy factor (𝛽), which is the ratio of standard chemical exergy 

content to net calorific energy content, can be computed for an energy carrier using one 

of the following equations (Szargut 1988): 
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Gaseous hydrocarbons: 

𝛽 = 1.0334 + 0.0183 𝐻
𝐶
−  0.0694 1

𝑁𝐶
      (1) 

Liquid hydrocarbons: 

𝛽 = 1.0406 + 0.0144 𝐻
𝐶

        (2) 

Solid hydrocarbons:  

𝛽 = 1.0435 + 0.0159 𝐻
𝐶

        (3) 

Bituminous coal, lignite, coke, peat: 

𝛽 = 1.0437 + 0.1896 𝑧𝐻2
𝑧𝐶

+  0.0617 𝑧𝑂2
𝑧𝐶

+  0.0428 𝑧𝑁2
𝑧𝐶

    (4) 

Wood: 

𝛽 =
1.0412+0.2160 

𝑧𝐻2
𝑧𝐶

− 0.2499
𝑧𝑂2
𝑧𝐶

[1+0.7884�
𝑧𝐻2
𝑧𝐶

�]+ 0.0450
𝑧𝑁2
𝑧𝐶

1−0.3035(
𝑧𝑂2
𝑧𝐶

)
    (5) 

Where NC is the mean number of carbon atoms in the molecule, zX is the mass fraction 

of a given element, and H/C is the atomic ratio of hydrogen to carbon in the substance. It 

is impractical to compute the exact chemical exergy content for each individual energy 

carrier from these equations due to the lack of information on the exact chemical makeup 

of any given substance. Exergy factors that are used throughout this work were computed 

for commonly used fuels and can be found in Table 14. The substance used to represent 

petroleum products is gasoline as it is the most common petroleum product (Energy 

Supply Demand 2007). Diesel and other fuel oils have an almost identical exergy factor 

so 1.06 is used to convert to equivalent exergy for any petroleum product in this work. 

The only natural gas liquid (NGL) produced in Nova Scotia is propane so it is used to 

compute the exergy factor for NGLs (Energy Supply Demand 2007). 
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Table 14 - LHV and exergy factors for commonly used fuels. 

Fuel LHV Exergy factors 

Coal  26.0 GJ/t 1.06 

Coke 29.8 GJ/t 1.05 

Crude oil  43.4 GJ/t 1.06 

Petroleum products 43.6 GJ/t 1.06 

Natural gas  35.6 MJ/m3 1.04 

NGLs 45.9 GJ/t 1.08 

Electricity  – 1.00 

The extraction sector uses energy carriers from the Conversion sector as well. Table 15 

lists the input energy carriers and their equivalent exergy, calculated by multiplying the 

energy content of the respective energy carrier by the appropriate exergy factor. 

Table 15 - Energy and equivalent exergy of total energy carriers input to the 

Extraction sector (Energy Supply Demand 2007). 

Energy Carrier Energy (PJ) Exergy (PJ) 

NGL 0.04 0.04 

Electricity 0.15 0.15 

Refined petroleum products 2.43 2.58 

Total 2.62 2.77 

3.2.3 Exergy Fluxes into and out of the Extraction Sector 
The main inputs to this sector are resources (energy carriers and minerals) extracted from 

the environment and energy carriers. The main outputs of this sector are the transfer of 

those resources to the conversion sector for processing. 

Table 16 summarizes the exergy inputs and outputs of the Extraction sector as a whole. 

The total input to this sector is 419.3 PJ energy and 446.5 PJ exergy. The total output of 

this sector is 412.0 PJ energy and 438.9 PJ exergy.  
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Table 16 – Energy and exergy balance sheet, Extraction sector, Nova Scotia 2006. 

Fluxes Energy (PJ) Exergy (PJ) Comments 
INPUT 

   Resources 
   R e,ex 0.01 0.01 Domestic coal production 

R a,ex 75.75 80.30 Imported coal 
R e,ex 26.75 28.89 Domestic oil production 
R a,ex 172.85 186.67 Imported oil 
R e,ex 140.58 146.20 Domestic NG production 
R co,ex 0.15 0.15 Electricity 

R e,ex - 0.89 
Domestic minerals 
production 

R co,ex 2.43 2.58 Refined petroleum products 
R co,ex 0.04 0.04 NGL 

    Products 
   P tr,ex 0.13 0.14 Cargo services 

P in,ex 0.59 0.61 Industry products 

    TOTAL INPUT 419.27 446.47 
 

    OUTPUT 
   Resources 
   

    R ex,co 75.75 80.30 Coal to Conversion sector 
R ex,a 10.18 10.99 Exported oil 
R ex,co 189.42 204.57 Oil to conversion sector 
R ex,a 130.50 135.72 Exported NG 
R ex,co 6.15 6.39 NG to conversion sector 
R ex,in - 0.03 Minerals to industrial sector 
R ex,a - 0.38 Minerals exported 
R ex,te - 0.48 Minerals to tertiary sector 

    Products 
   P ex,te 0.02 0.02 Diverted waste 

    TOTAL 
OUTPUT 412.01 438.88 
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3.3 The Conversion Sector in Nova Scotia 
Under the EEA, the conversion industry in Nova Scotia includes establishments primarily 

engaged in the generation of electricity from any source as well as establishments 

primarily engaged in the transformation of liquid fuels into refined petroleum products. 

The NAICS has separate classifications for these industries; electricity generation is 

considered to be a utility industry while refinery activity is considered to be part of the 

trade industry.  In this work, the conversion industry is defined as establishments and 

facilities primarily engaged in either electric power generation or petroleum refining 

activities and facilities primarily engaged in providing essential support services to those 

industries. Information on the industries of the Conversion sector is collected by Statistics 

Canada and released on an annual basis as a report under the title “Supply and Demand of 

Primary and Secondary Energy” (Energy Supply Demand 2007). Figure 6 presents the 

main activities of the Conversion sector, including the inputs and outputs and their 

origins and destinations. 

 

Figure 6 - Conversion Sector flux origins and destinations. 
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3.3.1 Electricity Generation Industry 
Virtually all (97.9%) of Nova Scotia’s electric power was generated by the public utilities 

in 2006. Industrial producers accounted for the remaining 2.1%. Nova Scotia Power Inc. 

operates a combined generating capacity of 2,293 MW. Approximately 55% of this 

capacity is coal-fired. Oil and natural gas-fired facilities make up an additional 28%, and 

hydro, wind, and biomass conversion comprise the remaining 17% of capacity.  

In Nova Scotia in 2006 there were five thermal plants, three combustion turbines, one 

tidal barrage, and thirty-three hydroelectric plants – one large facility (230 MW) at 

Wreck Cove and thirty-two smaller installations (NPCC 2007). 

In 2006, 11,340,829 megawatt hours of electrical energy were generated from all sources 

in Nova Scotia (NS Finance 2007). 89.9% of this energy was generated by conventional 

steam processes, while hydro generation accounted for 9.2% of the total. The remaining 

0.9% was generated by combustion turbines burning natural gas. This electricity supplies 

all other sectors of the economy.  A summary of the electric power generation for 2006 in 

PJ is shown in Table 17. 

Table 17 - Electricity production 2006 by process. 

Conversion Method Production (MWh) Equivalent Exergy (PJ) 

Conventional Thermal 10,193,807 36.70 

Hydroelectric 1,041,183 3.75 

Combustion Turbine 105,839 0.38 

Total 11,340,829 40.83 

Megawatt hours of electricity are converted to equivalent exergy by converting between 

units of energy, MWh to PJ. The fuels converted into electricity in the preceding 

processes are listed in Table 2 (Energy Supply Demand 2007). There is a small 

disagreement between these figures (equivalent total exergy of conventional thermal plus 

combustion turbine generation is 37.08 PJ in Table 17 vs 38.61 PJ in Table 18) due to 

differences in reporting and the exclusion of wood liquor and pulping waste as a fuel 

source for conversion to electricity under the EEA. The figures in Table 18 are used in 

this work as they form part of the official energy balance of Canada (Demers 2011).  
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Table 18 - Fossil fuels transformed to electricity 2006. 

Generating Fuel Output Electricity (GWh) Energy (TJ) Exergy (PJ) 

Coal 8,996 32.39 34.33 

Natural gas 387 1.39 1.45 

Diesel/light fuel oil 75 0.27 0.29 

Heavy fuel oil 666 2.40 2.54 

Total 10124 36.45 38.61 

3.3.2 Petroleum Refining Industry 
There is a single petroleum refining facility in Nova Scotia. This facility is owned by 

Imperial Oil and produces refined petroleum products for domestic sale and export with a 

production capacity of 82,000 barrels of crude oil per day (NS Finance 2007). The main 

products are motor gasoline, diesel fuel, heating oil, aviation fuels, and asphalt. 

3.3.2.1 Petroleum Products Energy and Exergy Contents 

Most of the production from this refinery in 2006 was sold in Nova Scotia and the other 

Atlantic provinces. Data on t he production amounts and exports of each product is 

confidential, but Imperial Oil is required to release the domestic sales of these refined 

petroleum products on an annual basis (NS Finance 2007). Table 19shows a summary of 

the domestic sales of refined petroleum products for 2006.  

Table 19 - Refined petroleum production for 2006 (NS Finance 2007). 

Fuel Production (m3) Energy (PJ) Exergy (PJ) 

Aviation 227,798 8.29 8.86 

Motor  1,985,852 68.83 73.65 

Heating 1,287,011 49.78 52.77 

Asphalt 97,073 4.32 4.57 

Petrochem feedstock 58,216 2.05 2.17 

Misc fuels 109,898 4.25 4.51 

Petroleum coke 164,016 7.30 7.66 

Total 3,929,864 144.81 154.19 
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Each of these products has been converted to an equivalent exergy value according to the 

standard chemical exergy of organic compounds found in the literature (Szargut, 1988)  

and (Kotas, 1995), for a total of 154.2 P J. There is some small disagreement between 

these figures and those reported in the Report on Energy Supply and Demand (144.8 PJ 

energy vs. 141.5 PJ energy) due to differences in reporting. For the purposes of this work 

the figures from the Report on Energy Supply and Demand are taken as correct. 

3.3.3 Exergy Fluxes into and out of the Conversion Industry 
The main inputs to the Conversion sector are fuels from the Extraction sector and 

waterfall energy from the Environment sector. Values of energy are converted to 

equivalent exergy using the exergy conversion factors found in the literature (Gasparatos 

et al. 2009). Losses of 15% for the conversion of waterfall energy to electric energy are 

assumed for hydroelectric generation in the manner suggested by Ertesvåg (2000).  The 

inputs to the Conversion sector are summarized in Table 20. 

Table 20 - Summary of energy and exergy inputs of energy carriers to the 

Conversion sector. 

Energy Carrier Input Energy (PJ) Equivalent Exergy (PJ) 

Coal 75.47 80.00 

Natural Gas 3.22 3.34 

Oil 30.48 32.92 

Waterfall Energy 4.31 4.31 

Total 113.48 120.57 

The main outputs of the Conversion sector are electricity and refined petroleum products 

which are delivered to every other sector of the economy. The total disposition of energy 

carriers delivered to all other sectors is shown in Table 21 in natural units. The 

Conversion sector is not included as there is no transfer of energy carriers into the sector. 
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Table 21 - Energy use, final demand for all sectors except Conversion (Energy 

Supply Demand 2007). 

Sector NG (GL) NGL (ML) 

Electricity 

(GWh) 

Steam 

(kT) 

Refined 

Petroleum 

Products (ML) 

Agriculture - 2.8 58.9 - 89.5 

Extraction - 1.5 40.2 - 62.8 

Industry 42.5 15.7 3119.2 458.4 104.7 

Transportation 24.1 3.3 6.3 - 1832.5 

Tertiary 10.5 92.1 3164.2 - 892 

Domestic - 41.1 4011.3 - 297.3 

Total 77.1 156.5 10400.1 458.4 3278.8 

Table 22 summarizes the exergy inputs and outputs of the Conversion sector as a whole. 

The total input to this sector is 276.2 PJ energy and 296.2 PJ exergy. The total output of 

this sector is 171.2 PJ energy and 178.4 PJ exergy.  

Table 22 – Energy and exergy balance sheet, Conversion sector, Nova Scotia 2006. 

Fluxes Energy (PJ) Exergy (PJ) Comments 
INPUT 

   Resources 
   R ex,co 75.75 80.30 Coal  

R ex,co 6.15 6.39 Natural gas 
R ex,co 189.42 204.57 Oil  
R e,co 4.31 4.31 Waterfall energy 

    Products 
   P in,co 0.47 0.48 Metals, minerals, etc 

P tr,co 0.10 0.11 Cargo services 

    TOTAL INPUT 276.19 296.16 
 

    OUTPUT 
   Resources 
   R co,ex 2.62 2.77 Energy carriers 

R co,ag 3.47 3.67 Energy carriers 
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Fluxes Energy (PJ) Exergy (PJ) Comments 
R co,tr 69.58 73.73 Energy carriers 
R co,te 46.58 48.73 Energy carriers 
R co,in 21.96 21.66 Energy carriers 
R co,do 27.01 27.79 Energy carriers 

    Products 
   P co,te 0.02 0.02 Diverted waste 

    TOTAL 
OUTPUT 171.24 178.36 
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3.4 The Industry Sector in Nova Scotia 
Under the EEA, the Industry sector is made up of the manufacturing industries but 

excludes petroleum refining activities and activities that are classified to other sectors. 

The NAICS definition of the manufacturing industry includes establishments primarily 

engaged in the physical or chemical transformation of materials or substances into new 

products (finished or semi-finished) and related activities, such as the assembly of 

component parts of manufactured goods, blending of materials and finishing by dyeing, 

heat treating, plating, and similar operations. It is important to note that, in this work and 

under the NAICS definition, the manufacturing industry specifically excludes activities 

that are classified to other sectors, such as the post-harvest activities of agricultural 

establishments. Figure 7presents the main activities of the Industry sector, including the 

inputs and outputs and their origins and destinations. 

 

Figure 7 - Industry Sector flux origins and destinations. 
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In this work, the Industry sector is subdivided into the wood, pulp, and paper 

manufacturing industries and other industries, which includes vehicle manufacturing, 

chemical industries, which include the production of rubber and plastic products, mineral 

products, cement manufacturing, metal fabrication, foundries and grain industries. 

The total GDP of the Industrial sector in 2006 was $2,616.3 million, representing 10.1% 

of the total GDP of the province. Wages and salaries in the manufacturing industries 

accounted for $1,487 million. Employment sustained by the total activity in the Industry 

sector was 39,100 persons. 

3.4.1 Industry Product Energy and Exergy Contents 
The output of the Industry sector largely consists of products which are consumed by the 

other sectors of the economy and exported outside the province. Information on t he 

export of these products is retrieved from the Canadian International Merchandise Trade 

Database (CIMTD 2011). Information on the products and natural resources imported for 

industrial use is also retrieved from this database. These products and natural resources 

are divided into five general categories: Wood and related products pulp and paper 

products, fabricated metals, mineral products, and plastics and rubber.  

3.4.1.1 Estimation of Industry Production 

Wood and related products are items such as finished wood products that are the output 

of sawmills and related facilities. Lumber, particle board, veneer, and the like are 

included in this category. Pulp and paper is a m ixed category of intermediate products 

like wood pulp and finished paper products. Fabricated metals are items of ferrous and 

non-ferrous metals that are not classified as scrap under the Canadian International 

Merchandise Trade Database. The only mineral products tracked in this work are related 

to cement production (Portland cement and clinker) as no ot her statistically significant 

products are produced in Nova Scotia. Plastics and rubber products produced in Nova 

Scotia include sheets and fabricated products of polyethylene, polystyrene, and other 

common plastics, and natural rubber imported for use in the pneumatic tire 

manufacturing industry.  
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The principal production statistics of industry in Nova Scotia are unavailable on a mass 

or volume basis. Analysis of the Input-Output Structure of the Canadian Economy (Input 

Output 2006) reveals the value of each commodity that is produced, transferred between 

sectors, and exported. A ratio of the export value to the value transferred between sectors 

was calculated for each commodity. Using the detailed data on the value and mass or 

volume of exported commodities found in the Canadian International Merchandise Trade 

Database, an estimation of the domestic consumption (that is, the mass or volume of 

industrial products transferred to the Tertiary sector from the Industry sector) is 

calculated for each of wood and wood products, pulp and paper, fabricated metal 

products, cement, and plastic and rubber products. Table 23 lists the ratio of export value 

to transferred value for these five commodities for 2006. 

Table 23 - Ratios for the estimation of domestic consumption of commodities (Input 

Output 2006). 

Commodity Export/Transfer value ratio 

Lumber and wood  1.42 

Pulp and paper 3.52 

Fabricated metal 0.52 

Cement 0.18 

Rubber and plastic 4.07 

It is not possible at this time to analyse the pneumatic tire manufacturing industry as all 

aspects of the production process used in Nova Scotia are protected by the Privacy Act. 

Energy use, materials consumption, and product composition are all unavailable for this 

industry. Although it is important to the economy of this province, the products of this 

industry have been neglected in this work for these reasons. Where possible, energy and 

materials import that are presumed to be consumed by the pneumatic tire manufacturing 

industry are included in the analysis of “other industries”. It is likely that the exergy 

efficiency of the chemical industry has been underestimated as the production of high-

exergy products like pneumatic tires has been neglected from the output side of the 

balance sheet. 
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3.4.1.2 Calculation of Equivalent Exergy 

The exergy contents of wood, pulp, and paper products are calculated by multiplying a 

given mass of wood, pulp, or paper by the specific exergy contents specified by Ertesvåg 

and Mielnik (2000) in the exergy analysis of the Norwegian society: 16 PJ/Mton for 

wood and 17 PJ/Mton for paper. 

Plastics and Rubber products masses are also converted to equivalent exergy contents by 

multiplying by the specific exergy, however some of these organic chemicals (like PVC, 

polyisoprene, and polystyrene) are not listed in Szargut (1988) as common compounds. 

Their specific exergy is computed by adding the group contribution of standard chemical 

exergy of each type of bond that makes up the complete molecule. The structure of each 

of these molecules is found in the NIST Standard Reference Database (NIST 2011). 

Petrochemical feedstock is an input from the Conversion industry and is assumed to have 

the same specific exergy as other petroleum products. An exergy factor of 1.06 i s 

multiplied by the energy content of the feedstock to obtain an equivalent exergy value. 

The specific exergies of metals are found in Szargut (1988) and can be applied to 

fabricated metal products by mass. It is assumed that steel is 98% iron and 2% carbon for 

this calculation. Table 24 contains the calculated specific exergy contents of common 

materials encountered in this work.  

Table 24 - Specific exergy contents of common materials (Szargut 1988). 

Material Specific Exergy Content (PJ/Mt) 

Wood 16 

Paper and Pulp 17 

Iron 6.7 

Steel 8.7 

Aluminium 32.9 

Polyethylene 48.5 

Polyisoprene (rubber) 46.7 

Polystyrene 43.4 
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Material Specific Exergy Content (PJ/Mt) 

Portland Cement 1 

3.4.2 Industry Sector Consumption of Energy Carriers 
Information on t he energy consumption of each manufacturing industry was retrieved 

from the Office of Energy Efficiency’s Comprehensive Energy Use Database (OEE 

2011). This information is available on a  regional basis by industry, so the relative 

contribution of each type of industry to the overall energy consumption was calculated 

and multiplied by the total energy input to the Nova Scotian Industry sector from the 

Conversion sector (19.9 PJ) assuming that the same fractions apply to Nova Scotia and 

Atlantic Canada. The energy consumption of each part of the Industry sector is presented 

in Table 25. It is clear from this breakdown that the metal, cement, and chemical 

manufacturing industries do not use significant amounts of energy on their own and are 

therefore included in the analysis of other industries. 

Table 25 - Energy consumption by industry, Atlantic figures converted to Nova 

Scotia figures (OEE 2011). 

Industry 

Atlantic Energy Use by 

Industry (PJ) 

NS Energy Use by 

Industry (PJ) Fraction 

Pulp and paper 

manufacturing 87.7 14.1 0.71 

Metal manufacturing 0.1 0.0 0.00 

Cement 

manufacturing 1.4 0.2 0.01 

Chemical 

manufacturing 1.2 0.2 0.01 

Other 33.3 5.4 0.27 

Total 123.7 19.9 1.00 

In order to convert energy use to equivalent exergy use in the usual way, the relative 

contribution of each type of energy carrier to any particular end use must be known. 

Detailed statistics on energy use by end use and energy carrier are not available for the 
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Industry sector in Nova Scotia. It is assumed that the relative proportion of energy 

carriers input to the sector as a whole is the same for each individual industry. The total 

amount of energy input to the Industry sector is presented in Table 26. The fraction of 

each type of energy carrier relative to this total is presented in Figure 8. It is noted that 

the equivalent exergy content of steam is lower than the energy content. The exergy 

content depends on the temperature and quality of the steam, but no such information is 

available for this quantity. A value of βsteam = 0.34 f or the conversion of energy to 

equivalent exergy is used according to the analysis of energy use by industry done by 

Ertesvåg and Mielnik in the exergy analysis of the Norwegian society (Ertesvåg and 

Mielnik 2000). 

Table 26 - Total input energy and equivalent exergy input from Co-sector to In-

sector. 

Energy Carrier Energy (PJ) Exergy (PJ) 

Coal 1.17 1.24 

Natural gas 1.62 1.69 

NGL 0.40 0.43 

Electricity 11.18 11.18 

Steam 1.26 0.45 

Refined petroleum products 4.31 4.57 

Total 19.94 19.55 
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Figure 8 - Energy input to Industry sector by type of energy carrier. 

Table 27 shows the resultant use of each energy carrier in PJ by industry according to the 

previously mentioned assumptions. The totals for each industry may not add up due  to 

rounding.  

Table 27 - Energy consumption (PJ) by industry and energy carrier, converted by 

relative fraction of input energy carrier. 

Energy Carrier 

Pulp and paper 

manufacturing Other Industry 

Coal 0.83 0.34 

Natural gas 1.15 0.47 

NGL 0.28 0.12 

Electricity 7.91 3.26 

Steam 0.89 0.37 

Refined petroleum products 3.05 1.26 
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Energy Carrier 

Pulp and paper 

manufacturing Other Industry 

Total 14.10 5.82 

These energy figures are then converted to equivalent exergy values using the standard 

exergy factors and presented in Table 28. If data on the specific end use of each type of 

energy carrier were available it would be possible to calculate an exergy efficiency of 

each end use and obtain an exergy output for each quantity of energy carrier by end-use. 

In this way the output value of activities like space heating, lighting, and the use of 

motors could be quantified. This information is not available from Statistics Canada at 

this time; therefore the output exergy value of end-use activities is neglected in this work. 

However, from the analysis of industry in the UK (Gasparatos et al. 2009) and Norway 

(Ertesvåg 2005) their output value of  is not expected to be above 15% of total input 

exergy. 

Table 28 - Equivalent exergy consumption (PJ) by industry and energy carrier. 

Energy Carrier 

Pulp and paper 

manufacturing Other Industry 

Coal 0.88 0.36 

Natural gas 1.19 0.49 

NGL 0.30 0.13 

Electricity 7.91 3.26 

Steam 0.30 0.12 

Refined petroleum products 3.23 1.33 

Total 13.81 5.70 

3.4.3 Exergy Fluxes into and out of the Industry Sector 
The main inputs to this sector are natural resources from the Agriculture sector (wood for 

the wood, pulp and paper industries) and energy carriers. The main outputs of this sector 

are manufactured products to all other sectors. 
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Table 29 summarizes the exergy inputs and outputs of the Industry sector as a whole. The 

total input to this sector is 71.2 PJ energy and 74.6 PJ exergy. The total output of this 

sector is 64.8 PJ energy and 66.0 PJ exergy.  

Table 29 – Energy and exergy balance sheet, Industry sector, Nova Scotia 2006. 

Fluxes Energy (PJ) Exergy (PJ) Comments 
INPUT 

   Resources 
   R co,in 21.96 21.66 Energy carriers 

R ex,in - 0.03 Minerals 
R a,in - 0.02 Minerals imported 

    Natural Resources 
   N ag,in 31.42 34.25 Wood 

N a,in 9.23 9.85 Wood 

    Products 
   P te,in 1.50 1.53 Recycled paper 

P a,in 4.27 4.41 Metals, plastic 
P tr,in 0.83 0.88 Cargo services 
P te,in 1.95 1.95 Other recycled material 

    TOTAL INPUT 71.16 74.58 
 

    OUTPUT 
   Products 
   P in,a 46.14 46.71 Metals, minerals, etc 

P in,te 16.18 16.68 Diverted waste, products 
P in,ag 0.57 0.59 Metals, minerals, etc 
P in,ex 0.59 0.61 Metals, minerals, etc 
P in,co 0.47 0.48 Metals, minerals, etc 
P in,tr 0.91 0.94 Metals, minerals, etc 

    TOTAL OUTPUT 64.85 66.00 
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3.5 The Transportation Sector in Nova Scotia 
Under the EEA, the Transportation sector includes the shipping, trucking, air transport, 

pipeline, and warehousing industries, as well as those engaged in transporting passengers. 

This definition is consistent with that used by the NAICS, where the Transportation 

sector is defined as establishments primarily engaged in transporting passengers and 

goods by road, rail, water, and air, as well as pipelines, courier services, and warehousing 

and storage of goods (NS Finance 2006). Figure 9 presents the main activities of the 

Transportation sector, including the inputs and outputs and their origins and destinations. 

 

Figure 9 - Transportation Sector flux origins and destinations. 

The total GDP of the Transportation sector in 2006 was $1,086.1 million, representing 

4.2% of the total GDP of the province. Individual GDP contributions for all industries 

within the Transportation sector are unavailable at the provincial level for confidentiality 

reasons. From what is available, $258.3 million is attributed to the trucking industry and 

$584.8 million to the air, rail, water, and sightseeing industries, and support activities for 

transportation (NS Finance 2006). The remainder, $243 million can then be attributed to 
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the remaining industries. Wages and salaries for the Transportation sector of $678.1 

million represented 4.6% of the total wages and salaries in Nova Scotia (NS Finance 

2006). 

Road travel is the primary mode of transport in Nova Scotia for passengers and 

significant trucking activity facilitates trade with the rest of Canada and the United States. 

Roads and highways require major ongoing investments from the provincial and federal 

governments for maintenance and expansion. In 2006, t he provincial government 

budgeted over $177 m illion in capital highway spending (NS Finance 2006). This 

spending paid for a variety of ongoing highway twinning projects and bridge upgrades 

and replacements. 

There are numerous ports along the coast of Nova Scotia, including the large cargo ports 

at Halifax and the Strait of Canso. More than 38 million tons of cargo transited these two 

ports in 2006, i n addition to the more than 100 c ruise ships that visited Halifax and 

numerous car and passenger ferries at these and other ports around the province (NS 

Finance 2006). 

Halifax International Airport is a regional hub for both cargo and passengers travelling 

within Canada and internationally. There are also two smaller airports located in Sydney 

and Yarmouth catering to passengers exclusively and several private airfields operated by 

clubs and serving private aircraft. 3.3 million people transited Nova Scotian airports in 

2006, 3.2 million of them at Halifax, which also handled approximately 25,000 tonnes of 

cargo (NS Finance 2006). 

There are over 800 kilometres of mainline railway track spread out across Nova Scotia 

(NS Finance 2006). In 2006, there were three federally regulated railways and two 

privately operated carriers under provincial jurisdiction. Most of the rail traffic was 

devoted to freight except for the VIA rail passenger service between Halifax and 

Montreal, with stops in Truro and Amherst.  

3.5.1 Overall Exergy Efficiency of Transportation Services 
The major useful output of the Transportation sector is the service of moving goods and 

passengers over a distance. The different modes of transport used within this sector are 
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each associated with a first and a s econd law efficiency. The first law efficiency is 

defined as: 

𝜂 = 𝑤𝑜𝑟𝑘
𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡

         (1) 

While the second law efficiency is defined as: 

𝜓 = 𝑤𝑜𝑟𝑘
𝑒𝑥𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡

         (2) 

Energy carriers have previously been assigned exergy factors (β) (See Table 14) for 

simple conversion from energy content to equivalent exergy. It follows that second law 

efficiency is also equivalent to: 

𝜓 = 𝜂
𝛽

            (3) 

Which is the first law efficiency divided by the exergy factor. In order to estimate the 

overall exergy output of the transportation services provided by the Transportation sector, 

a weighted mean overall exergy efficiency is calculated as (Ji 2006): 

𝜓𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =  ∑ �𝜂𝑖/𝛽𝑗� × 𝐹𝑟𝑖𝑗𝑖,𝑗        (4) 

Where 𝜂𝑖 is the exergy efficiency of the ith mode of transportation, 𝛽𝑗 is the exergy factor 

of the jth energy carrier, and 𝐹𝑟𝑖𝑗 is the exergy fraction of the jth energy carrier used by 

the ith mode of transportation. Accordingly, Table 30 shows the consumption of energy 

carriers by mode of transportation measured in energy and equivalent exergy as well as 

the relative fraction of the consumed exergy (Energy Supply Demand 2006). The relative 

fraction of consumed exergy column is rounded; the exact numbers are used in the 

calculation of the overall exergy efficiency. 

Table 30 - Consumption of energy carriers by mode of transportation. 

Mode of Transport Fuel 

Energy 

(TJ) 

Exergy 

(TJ) 

Fraction of total 

exergy consumption 

Cars Gasoline 40.77 43.63 0.60 
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Mode of Transport Fuel 

Energy 

(TJ) 

Exergy 

(TJ) 

Fraction of total 

exergy consumption 

 

Diesel 5.42 5.74 0.08 

Trucking Gasoline 0.49 0.53 0.01 

 

Diesel 4.13 4.38 0.06 

Marine Diesel 4.39 4.66 0.06 

 

Heavy fuel oil 3.52 3.73 0.05 

Aviation 

Aviation 

turbofuel 8.49 9.09 0.12 

Railroad Diesel 1.33 1.41 0.02 

Total 

 

68.55 73.16 1.00 

Table 31 shows estimated exergy efficiencies of the various modes of transportation, 

provided by Reistad (1975) for partially loaded vehicles in the United States in 1970. 

There have been significant improvements in the fuel economy of cars since 1970 a s 

reported by the EIA, from approximately 14 mpg on average to 22 mpg (a 57% 

improvement) (EIA 2009) and the estimated operating efficiency has been updated to 

reflect that reality. The fuel economy of transport trucks has remained relatively 

unchanged over the same period (EIA 2009).  

The fuel economy of aircraft has also improved significantly since the 1970’s mainly due 

to advances in materials technology and load management, among other improvements 

(Peeters et al. 2005). The improvement in fuel economy is estimated at approximately 

65% between 1971 and the early 2000’s (Peeters et al. 2005), and the estimated operating 

efficiency used here has been updated to reflect that reality. 

The fuel economy of marine modes of transportation has improved slightly since the 

1970’s due to changes in operating characteristics and trade patterns and improvements in 

engine construction (Endresen et al. 2007). The fuel economy improved over average 

sized fleets of ships by approximately 15% between the 1970 a nd the early 2000’s 

(Endresen et al. 2007), and the estimated operating efficiency used here has been updated 

to reflect that change. 
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Mode of 

Transportation 

Rated load 

efficiency 

Estimated operating 

efficiency (1970) 

Estimated operating 

efficiency (2006) 

Cars 25% 15% 23.55% 

Trucks 30% 25% 25% 

Marine - 15% 17.25% 

Railroad 35% 28% 28% 

Aviation 35% 28% 46.20% 

Table 31 - Estimated exergy efficiencies for various modes of transportation 

(Reistad 1975). 

The estimated operating efficiency is more representative of the reality of transport, as 

vehicles generally do not operate at their rated load. It is assumed that these efficiency 

estimates also apply to Canadian modes of transportation. Based on the data collected in 

Table 30 and Table 31, the overall exergy efficiency of the transportation services 

provided by the Transportation sector is calculated as: 

𝜓𝑜𝑣𝑒𝑟𝑎𝑙𝑙 = �23.5%
1.07

� × 0.5963 + �23.5%
1.06

� × 0.0785 + �25%
1.07

� × 0.0072 + �25%
1.06

� ×

0.0599 + �17.5%
1.06

�× 0.0636 + �17.5%
1.06

� × 0.0510 + �28%
1.07

� × 0.1242 + �46.2%
1.06

� ×

0.0193 = 22.40%           (5) 

As all of the fuels are refined petroleum products, exact exergy factors for gasoline 

(1.07), diesel (1.06), heavy fuel oil (1.06), and aviation turbofuel (1.07) are used rather 

than the generalized exergy factor of 1.06 assigned to refined petroleum products earlier 

in this work. The total exergy input to the Transportation sector that is used to provide 

transportation services is shown in Table 32.  

Table 32 - Input of energy carriers to the Transportation sector from the 

Conversion sector (Energy Supply Demand 2007). 

Energy Carrier Energy (TJ) Equivalent Exergy (PJ) 

Natural gas 0.92 0.96 

NGL 0.08 0.09 

Electricity 0.02 0.02 



 
 

65 
 

Energy Carrier Energy (TJ) Equivalent Exergy (PJ) 

Refined petroleum products 68.55 72.661 

Total 69.58 73.73 

In addition to the refined petroleum products used to calculate the overall efficiency of 

the sector, there are also small amounts of natural gas, electricity, and propane transferred 

from the Conversion sector. As there is no listed mode of transportation consuming these 

energy carriers as fuels (Energy Supply Demand 2006), it is assumed that they are used 

within the Transportation sector in warehouses and support facilities for the purposes of 

heating, cooling, and lighting. 

3.5.2 Exergy Fluxes Into and Out of the Transportation Sector 
The overall exergy efficiency of the transportation services provided by the 

Transportation sector is multiplied by the total input of energy carriers used for that 

purpose to calculate the total equivalent exergetic output of transportation services: 

22.40% × 73.16 𝑃𝐽 = 16.39 𝑃𝐽       (6) 

It is assumed that each sector of the economy requires transportation services, and that 

the share of transportation services used by each sector will correspond to its economic 

output, or GDP. The Domestic sector use of transportation services corresponds to the 

equivalent exergy fraction of refined petroleum products retailed at gas pumps for car 

transport and approximately 75% of air travel. The exergy output from the Transportation 

sector to all other sectors is summarized in Table 33. Some transportation services are 

consumed within the Transportation sector, amounting to approximately 1% of the total 

output. 

Table 33 - Transportation service equivalent exergy output from the Tr-sector to all 

other economic sectors (TJ). 

Services Ag Ex Co In Te Tr Do Total 

Passengers 0.00 0.00 0.00 0.00 0.00 0.00 11.06 11.06 

                                                 
1 This number differs slightly from the value in Table 30 due to rounding errors. The value in Table 30 is 
more precise so it is used in the calculation of the total equivalent exergetic output of transportation 
services.  
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Services Ag Ex Co In Te Tr Do Total 

Cargo 0.14 0.14 0.11 0.88 3.83 0.22 0.00 5.33 

Total 0.14 0.14 0.11 0.88 3.83 0.22 11.06 16.39 

The main inputs to this sector are energy carriers (petroleum products like diesel, 

gasoline, fuel oils, and aircraft fuel) from the Conversion sector. The outputs of this 

sector are transportation services provided to all other sectors. 

Table 34 summarizes the exergy inputs and outputs of the Transportation sector as a 

whole. The total input to this sector is 70.5 PJ energy and 74.7 PJ exergy. The total 

output of this sector is 15.24 PJ energy and 16.2 PJ exergy.  

Table 34 – Energy and exergy balance sheet, Transportation sector, Nova Scotia 

2006. 

Fluxes Energy (PJ) Exergy (PJ) Comments 
INPUT 

   Resources 
   R co,tr 69.58 73.73 Energy carriers 

    Products 
   P in,tr 0.91 0.94 Metals, minerals, etc 

    TOTAL INPUT 70.48 74.67 
 

    OUTPUT 
   Products 
   P tr,ex 0.13 0.14 Cargo services 

P tr,co 0.10 0.11 Cargo services 
P tr,ag 0.13 0.14 Cargo services 
P tr,in 0.83 0.88 Cargo services 
P tr,te 3.61 3.83 Cargo services 
P tr,do 10.44 11.06 Passenger services 

    TOTAL 
OUTPUT 15.24 16.16 
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3.6 The Tertiary Sector in Nova Scotia 
The Tertiary sector represents the largest share of the GDP of Nova Scotia at 

approximately 72%. This sector is made up of  diverse economic activities, including 

wholesale, retail, finance, insurance, real estate, construction, public administration and 

institutions, and all other services that do not  include transportation or industrial 

activities. Figure 10 presents the main activities of the Tertiary sector, including the 

inputs and outputs and their origins and destinations. 

 

Figure 10 - Tertiary Sector flux origins and destinations. 

The construction industry contributed $1,686 million to the total sector GDP of the sector 

total GDP $18,745 million and the FIRE sector (finance, insurance, and real estate) 

contributed the largest share at $5,399 million. Health care and social services contribute 

$2,236 million, education contributes $1,547 m illion, and public administration 

contributes $2,757 million. Wholesale and retail trade together contribute $2,916 million, 

and accommodation and food services, information and cultural industries, and 
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professional, scientific, and technical services are also significant contributors to the 

overall GDP of this sector. (NS Finance 2007). 

3.6.1 Tertiary Product Energy and Exergy Contents 
The inputs and outputs of the Tertiary sector are dominated by labour and capital flows. 

However, there are quantifiable exchanges of materials and energy between this and 

other sectors. The Tertiary sector includes food service and retail establishments, so food 

imported and produced by the Agriculture sector is transferred to the Domestic sector via 

sale by the Tertiary sector. It is assumed that there is some loss and consumption in the 

transfer of food from Agriculture to Tertiary, estimated at 10% by Ertesvåg (2005). Other 

material inputs include asphalt from the Conversion sector to the construction industries, 

mineral products produced and imported by the Extraction sector, the products of 

industry, and diverted waste streams from all other sectors to the recycling industry. 

Diverted waste is collected by the Tertiary sector and transferred to the Industry sector 

for reprocessing. A loss of 10% between the gross input and output of diverted materials 

is estimated as suggested by Ertesvåg (2005). The equivalent exergy of all of these flows 

has been calculated in their respective originating sector. 

As shown in Table 35, the input to the Tertiary sector from all energy carriers totaled 

48.8 PJ of exergy (equivalent to 46.6 PJ of energy) (Energy Supply Demand 2007). The 

majority was contributed by electricity (11.4 PJ) and refined petroleum products (32.45 

PJ). Natural gas and natural gas liquids made up the remainder. A summary of the energy 

carriers input to the Tertiary sector is given in Table 35. 

Table 35 - Energy carriers input to the Tertiary sector from the Conversion sector 

(Energy Supply Demand 2007). 

Category 

Energy 

Carrier 

Energy 

(PJ) Exergy (PJ) Fraction 

Natural gas Natural gas 0.40 0.42 0.01 

NGL Propane 2.33 2.52 0.05 

Electricity Electricity 11.39 11.39 0.23 

Ref. petroleum products Gasoline 1.98 2.12 0.04 



 
 

69 
 

Category 

Energy 

Carrier 

Energy 

(PJ) Exergy (PJ) Fraction 

Ref. petroleum products Kerosene 3.25 3.51 0.07 

 

Diesel 7.42 7.86 0.16 

 

Light fuel oil 15.07 15.97 0.33 

 

Heavy fuel 

oil 4.74 5.02 0.10 

Total 

 

46.58 48.81 1.00 

These energy carriers are used in a variety of end-use applications within the sector. The 

precise end-uses of these energy carriers are not known for Nova Scotia, but data is 

available on the end-use of energy in the Tertiary sector for the whole of Canada (OEE 

2011). It is assumed that the distribution of end-uses within the Tertiary sector of Nova 

Scotia is the same as the distribution of end-uses for the Tertiary sector of Canada. Table 

36 shows this distribution and the resultant energy consumption for each activity. 

Table 36 - Distribution of energy end-uses for Canada and Nova Scotia (OEE 2011), 

(Energy Supply Demand 2007). 

End-Use 

Canada Energy 

Use by End-Use 

(PJ) Fraction 

NS Energy Use 

by End-Use 

(PJ) 

NS Exergy 

Use by End-

Use (PJ) 

Space heating 534.70 0.49 22.85 23.94 

Water heating 98.20 0.09 4.20 4.40 

Auxilary 

equipment 177.10 0.16 7.57 7.93 

Auxilary motors 88.70 0.08 3.79 3.97 

Lighting 108.30 0.10 4.63 4.85 

Space cooling 74.80 0.07 3.20 3.35 

Street lighting 8.30 0.01 0.35 0.37 

Total 1090.10 1.00 46.58 48.81 

There is value in providing services like space heating, hot water, and lighting to 

customers and employees of the service sector, patients and staff of hospitals, teachers 
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and students in schools, and others. The equivalent exergy output of these activities for 

the Tertiary sector in Nova Scotia is estimated using end-use exergy efficiencies 

calculated by Gasparatos in the study of the UK economy (Gasparatos et al. 2009). This 

output is accounted for as a P-flux of services from the Tertiary sector to the Domestic 

sector. As the proportion of fuels used by the Nova Scotia for each end-use is different 

than that of the UK, a w eighted average of exergy efficiencies is used to estimate the 

output of exergy from the use of energy carriers. The calculated exergy efficiencies of 

end-use activities for the Tertiary sector of the UK are shown in Table 37. 

Table 37 - Exergy efficiency of end-use activities, UK Tertiary sector 2008 

(Gasparatos et al. 2009). 

End-Use UK Exergy Efficiency (%) 

Space heating and cooling 6.40 

Electricity 6.50 

Ref. petroleum products 5.70 

Natural gas 6.40 

  Water heating 7.00 

Electricity 8.10 

Ref. petroleum products 3.50 

  Appliances 18.50 

Electricity 18.50 

  Total 12.30 



 
 

71 
 

The end use activities of the Tertiary sector in Nova Scotia listed in Table 36 are 

aggregated to the classifications used in the study of the UK (Gasparatos et al. 2009) in 

Table 38.  

Table 38 - Aggregated end-use activites, Nova Scotia Tertiary sector 2006. 

Aggregated end use activity Energy (PJ) Exergy (PJ) Fraction 

Space heating and cooling 26.04 27.29 0.56 

Water heating 4.20 4.40 0.09 

Appliances 16.34 17.12 0.35 

Considering the magnitude of exergy involved in these end-use activities, the exergy 

efficiencies reported in Table 37, though they do not accurately reflect the distribution of 

fuels used in Nova Scotia, are used here. The exergy output of appliances is calculated as: 

18.5% × 17.12 𝑃𝐽 = 3.1 𝑃𝐽        (1) 

The exergy output of water heating is calculated as: 

7% × 4.4 𝑃𝐽 = 0.3 𝑃𝐽        (2) 

The exergy output of space heating and cooling is calculated as: 

6.4% × 27.29 𝑃𝐽 = 1.7 𝑃𝐽        (3) 

And the total exergy output to the Domestic sector from services provided by the Tertiary 

sector is 5.1 PJ. 

3.6.2 Exergy Fluxes into and out of the Tertiary Sector 
The main inputs to this sector are energy carriers from the Conversion sector, food from 

the Agriculture sector, and products from all sectors and the Industry sector in particular. 

The outputs of this sector are products transferred to the Domestic sector and diverted 

waste recycled to the Industry sector. 
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Table 39 summarizes the exergy inputs and outputs of the Tertiary sector as a whole. The 

total input to this sector is 68.5 PJ energy and 71.8 PJ exergy. The total output of this 

sector is 14.2 PJ energy and 14.6 PJ exergy.  

Table 39 - Energy and exergy balance sheet for the Tertiary sector, Nova Scotia 

2006. 

Fluxes Energy (PJ) Exergy (PJ) Comments 
INPUT 

   
    Resources 

   R co,te 46.58 48.73 Energy carriers 
R ex,te - 0.48 Minerals  

    Natural Resources 
   N ag,te 1.46 1.46 Food 

    
    Products 

   P tr,te 3.61 3.83 Cargo services 
P in,te 15.68 16.18 Diverted waste, products 
P ex,te 0.02 0.02 Diverted waste 
P ag,te 0.02 0.02 Diverted waste 
P co,te 0.02 0.02 Diverted waste 
P do,te 1.09 1.09 Diverted waste 

    TOTAL INPUT 68.47 71.82 
 

    OUTPUT 
   

    Products 
   P te,in 1.50 1.53 Recycled paper 

P te,do 4.59 4.74 Industry products 
P te,do 1.31 1.31 Food 
P te,do 4.81 5.05 Energy by services 
P te,in 1.95 1.95 Other recycled material 
P te,e - 0.03 Road salt 

    TOTAL OUTPUT 14.16 14.60 
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3.7 The Domestic Sector in Nova Scotia 
Under the EEA, the Domestic sector includes all of the households physically located in 

Nova Scotia. The main inputs of this sector are energy carriers from the Conversion 

sector and services and products from the Tertiary sector. The main output of this sector 

is labour to all other sectors. Figure 11 presents the main activities of the Domestic 

sector, including the inputs and outputs and their origins and destinations. 

 

 

Figure 11 - Domestic Sector flux origins and destinations. 

3.7.1 Exergy Fluxes into and out of the Domestic Sector 
The main inputs to this sector are energy carriers from the Conversion sector, food from 

the Tertiary sector, and products from the Tertiary sector and Transportation sector. The 

output of this sector is only diverted waste for recycling. 
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Table 40 summarizes the exergy inputs and outputs of the Domestic sector as a whole. 

The total input to this sector is 48.3 PJ energy and 50.1 PJ exergy. The total output of this 

sector is 1.1 PJ of energy and the same of exergy.  

Table 40 – Energy and exergy balance sheet for the Domestic sector, Nova Scotia 

2006. 

Fluxes Energy (PJ) Exergy (PJ) Comments 
INPUT 

   
    Resources 

   R co,do 27.01 27.79 Energy carriers 

    
    Natural Resources 

   N ag,do 0.15 0.16 Wood 

    Products 
   P te,do 4.59 4.74 Industry products 

P te,do 1.31 1.31 Food 
P te,do 4.81 5.05 Energy by services 
P tr,do 10.44 11.06 Passenger services 

    TOTAL INPUT 48.31 50.10 
 

    OUTPUT 
   

    Products 
   P do,te 1.09 1.09 Diverted waste 

    TOTAL OUTPUT 1.09 1.09 
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Chapter 4: Extended Exergy Analysis 

4.1 Waste and Atmospheric Emissions 
Most materials eventually end up as waste in one form or another. In Nova Scotia the 

majority of solid waste is deposited in landfills, while a significant minority 

(approximately 40%) is diverted for recycling purposes. Atmospheric emissions are 

regulated and monitored by Environment Canada. Since the available data is limited, in 

order to make a reasonable estimate of the waste generated by each sector of the Nova 

Scotian economy, a number of assumptions are made about the composition and sources 

of waste. These assumptions are explained in detail in the following section, but the 

resulting numbers should be used with caution. As the monitoring and auditing of waste 

streams improves, the information gathered will become easier to analyze. 

4.1.1 Solid Waste 
Detailed information on the source and destination of waste streams is not available at the 

Provincial level for any period of time. The total amount of waste (in tonnes)  generated 

in Nova Scotia in 2006 is known, as well as the fractions of this waste that are either 

disposed of in public or private waste disposal facilities (deposited in the environment), 

or diverted to recycling facilities (HAAE 2009). This information can be found in Table 

41 on a per capita and absolute basis. 

Table 41 - Destination of waste streams (HAAE 2009). 

Waste Stream kg Per Capita Total (tonnes) 

Waste Disposed 428.2 401,670 

Waste Diverted 294.2 275,983 

Total Waste Generated 722.4 677,653 

The sources of this waste are reported as either residential, construction and demolition 

waste, or a mixture of industrial, commercial, and institutional (HAAE 2009). Table 42 

shows the amounts of waste reported by each of these sources for 2006. 
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Table 42 - Diverted and disposed waste by reporting source (tonnes) (HAAE 2009). 

Sector Diverted (tonnes) Disposed (tonnes) 

Residential  138,869 169,337 

Industrial, Commercial, Institutional 85,851 185,867 

Construction and Demolition 51,263 46,466 

All Sources 275,983 401,670 

For the purposes of this work, the full amount of residential waste is attributed to the 

Domestic sector. Waste reported from industrial, commercial, and institutional sources is 

divided among the Agriculture, Conversion, Industry, Tertiary, and Extraction sectors 

according to their relative share of GDP for the year 2006. Construction and demolition 

waste is attributed in full to the Tertiary sector in the fifth column, after the remaining 

waste is distributed between all of the sectors. Table 43 shows the relative share of 

diverted and disposed waste for each sector excluding the Domestic sector.  

Table 43 - Waste disposal and diversion by sector according to relative share of 

GDP 2006. 

Sector 

GDP 2006 

(millions $) Fraction 

Diverted by 

fraction 

(tonnes) 

Total 

Diverted 

(tonnes) 

Disposed 

(tonnes) 

Agriculture 684.4 2.74% 2,351 2,351 5,089 

Extraction 704.2 2.82% 2,419 2,419 5,237 

Conversion 557.3 2.23% 1,914 1,914 4,144 

Industry 4302.9 17.22% 14,780 14,780 78,464 

Tertiary 18745.4 75% 64,387 115,650 139,398 

Total 24994.2 100% 85,851 137,114 232,333 

Also available is information on the relative composition of the diverted portion of this 

waste (HAAE 2009). Nova Scotia has the highest waste diversion rate in Canada, at 

40.7% for 2006 (HAAE 2009). Due to a lack of detailed information on disposed waste, 

it is assumed that the composition of the disposed waste is the same as the composition of 

the diverted waste. The relative fraction of each diverted material is multiplied by the 

amount of disposed waste attributed to each sector to assign specific amounts of materials 
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to the waste stream of each sector. Construction renovation, and demolition waste is 

attributed in full to the Industry sector. Table 44 shows the relative fraction of each 

material in the diverted waste stream. 

Table 44 - Relative fractions of specific materials in the diverted waste stream. 

Type of Waste Diverted (tonnes) Fraction 

Newsprint 33,128 0.15 

Cardboard/Boxboard 31,373 0.14 

Mixed paper 8,592 0.04 

Glass 1,511 0.01 

Ferrous metals 2,962 0.01 

Copper/Aluminum x - 

Mixed metals x - 

White goods 4,700 0.02 

Electronics 0 0.00 

Plastics 4,540 0.02 

Tires x - 

Organics 133,934 0.60 

Other 1,808 0.01 

Total 275,983 1.00 

The equivalent exergies of solid waste fluxes are assumed to be equivalent to their 

respective LHVs (Sciubba 2008). The LHV of each type of waste is calculated from data 

in the PHYLLIS Database (PHYLLIS 2011). The net calorific values of newsprint, 

cardboard, mixed paper, and plastics are available as dry LHVs. The “Other” category of 

waste is assumed to be made up of  textiles (as they were not otherwise listed) and 

assigned a general exergy value of 15 PJ/Mton. The equivalent exergies of glass and 

ferrous metals are calculated from Szargut (1988). Glass is approximated as consisting 

entirely of SiO2 and ferrous metals are assumed to have the same standard chemical 

exergy of Fe.  W hite goods, which refers to consumer appliances such as stoves, 

refrigerators, and air conditioners, are approximated as largely consisting of metal and 

assigned a general exergy value of 7.0 PJ/Mton (Ertesvåg 2005). Organic materials make 
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up approximately half of all solid waste. These materials have high water contents 

(>50%) and are not listed in the PHYLLIS Database, making the estimation of a LHV 

difficult. It was assumed that these materials contain some exergy, and a v alue of 2 

PJ/Mton is assigned as suggested by Ertesvåg (2005). Table 45 and Table 46 show the 

resultant equivalent exergy values for each type of solid waste by sector for the diverted 

and disposed waste streams respectively.  

Table 45 - Equivalent exergy of diverted solid waste by material and sector. 

Diverted Solid Waste 

(PJ) Ex Co Ag In Te Do Total 

Newsprint 0.01 0.01 0.01 0.04 0.31 0.37 0.74 

Cardboard 0.01 0.01 0.00 0.03 0.25 0.30 0.60 

Mixed paper 0.00 0.00 0.00 0.01 0.06 0.08 0.15 

Glass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ferrous metals 0.00 0.00 0.00 0.00 0.01 0.01 0.02 

White goods 0.00 0.00 0.00 0.00 0.02 0.02 0.04 

Plastics 0.00 0.00 0.00 0.01 0.10 0.12 0.25 

Organics 0.00 0.00 0.00 0.02 0.14 0.17 0.33 

Other 0.00 0.00 0.00 0.00 0.01 0.02 0.03 

Total 0.02 0.02 0.02 0.12 0.91 1.09 2.17 

Fraction 0.8% 0.9% 0.7% 5.4% 41.9% 50.3% 100% 

Table 46 - Equivalent exergy of disposed solid waste by material and sector. 

Disposed Solid 

Waste (PJ) Ex Co Ag In Te Do Total 

Newsprint 0.01 0.01 0.01 0.09 0.50 0.46 1.08 

Cardboard 0.01 0.01 0.01 0.07 0.41 0.37 0.88 

Mixed paper 0.00 0.00 0.00 0.02 0.10 0.09 0.22 

Glass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ferrous metals 0.00 0.00 0.00 0.00 0.02 0.02 0.04 

White goods 0.00 0.00 0.00 0.00 0.03 0.02 0.06 
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Disposed Solid 

Waste (PJ) Ex Co Ag In Te Do Total 

Plastics 0.00 0.00 0.00 0.03 0.17 0.15 0.36 

Organics 0.01 0.00 0.01 0.04 0.22 0.20 0.48 

Other 0.00 0.00 0.00 0.00 0.02 0.02 0.05 

Total 0.04 0.03 0.04 0.25 1.46 1.33 3.16 

Fraction 1.3% 1.0% 1.3% 7.9% 46.3% 42.2% 100% 

Diverted waste is accounted for under the EEA as a P-flux from the relevant sector to the 

Tertiary sector, while disposed waste is assumed to be deposited in the environment 

whether in a municipal landfill or treated and deposited in the ocean. The newsprint, 

cardboard, and mixed paper streams are assumed to be transferred to the Industry sector 

to be reprocessed by the pulp and paper industry. Disposed waste is accounted for under 

the EEA as a T -flux from the relevant sector to the environment. Each flux relating to 

solid waste is included in the balance sheet of the relevant sector as either an output P-

flux to the Tertiary sector or and output T-flux to the environment. The balance sheet of 

Tertiary sector records each solid waste P-flux as an input. 

As shown in Table 45, the total amount of waste deposited in the environment results in 

an equivalent exergy value of 3.2 PJ. 42% of this is generated in the Domestic sector, 

while the Tertiary sector generates 46% and the Industry sector generates 8% of the total. 

As shown in Table 46, the total amount of waste diverted to the Tertiary sector results in 

an equivalent exergy value of 2.2 P J. Again, half of this is generated in the Domestic 

Sector, while the Tertiary sector generates 42% and the Industry sector generates 5%. 

The diverted waste that is generated within the Tertiary sector is not accounted for under 

the EEA as it is not transferred between two sectors. 

4.1.2 Atmospheric Emissions 
Detailed information on criteria air contaminants (such as NOx, SOx, and CO) is not 

available at the provincial level for the year 2006. The earliest available dataset is from 

2009, so all of the information relating to pollutants other than greenhouse gases is from 

that year. Detailed information on greenhouse gases (CO2, CH4, and N2O) is available 

from the Environment Canada National Pollutant Release Inventory (NPRI 2011) at the 
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provincial level for 2006. Within the NPRI, criteria air contaminants are classified by 

source and measured in either tonnes or kg.  

Included in the NPRI are estimates for the amount of particulate matter released each 

year, classified by particle size. The largest single source of particulate matter in Nova 

Scotia is dust from unpaved roads, making identification of the composition difficult. 

These contaminants are neglected in this work due to a lack of information on t heir 

specific composition. Sulphur oxides and nitrogen oxides are recorded generally as SOx 

and NOx. For the purposes of this work, these quantities are assumed to be entirely 

composed of SO2 and NO2 respectively. Similarly, volatile organic chemicals are 

recorded generally as VOC. For the purposes of this work, and in order to prevent an 

over-estimation of the contribution of this pollutant, the quantity of VOC is assumed to 

be entirely composed of acetone (C3H6O), which has a relatively low value of specific 

exergy.  

The equivalent exergy of each pollutant is computed from specific chemical exergy 

values found in Szargut (1988) (see Appendix A). The organic molecules 

Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, and Indeno(1,2,3-

C,D)Pyrene are not listed as common compounds, so a specific exergy value for each is 

computed by adding the group contribution of standard chemical exergy of each type of 

bond that makes up t hese four compounds (see Appendix B). The structure of each 

molecule is found in the NIST Standard Reference Database (NIST 2011). Amounts of 

each pollutant are aggregated from the NPRI according to sector and converted to 

equivalent exergy. The results of these calculations are given in Table 47. 

Table 47 - Equivalent exergy of atmospheric emissions by pollutant and sector (TJ). 

Atmospheric 

Emissions By 

Sector (TJ) Ex Co Ag In Te Tr Do Total 

SOx 0.9 515.1 0.7 12.0 17.2 81.5 5.3 632.7 

NOx 1.1 22.9 0.2 2.4 1.3 50.7 1.8 80.4 

VOC 29.2 73.1 68.2 76.5 371.6 413.7 260.5 1292.9 
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Atmospheric 

Emissions By 

Sector (TJ) Ex Co Ag In Te Tr Do Total 

CO 2.0 20.7 2.2 20.9 2.19 1789.4 356.2 2193.8 

NH3 0.2 0.0 66.3 1.0 1.4 12.9 1.8 83.6 

Pb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cd 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Hg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Benzo(a)pyrene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Benzo(b)fluoranthen

e 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 

Benzo(k)fluoranthen

e 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Indeno(1,2,3-

C,D)Pyrene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Greenhouse Gases 

(CO2, CH4, N2O) 43.8 4352 221 396 1020 2569 478 9079 

Total 77 4984 359 509 1413 4917 1103 13362 

Fraction 1% 37% 3% 4% 11% 37% 8% 100.0% 

Atmospheric emissions are accounted for under the EEA as D-fluxes from the relevant 

sector to the environment. Each flux relating to emissions is included in the balance sheet 

of the generating sector as a D-flux to the environment. D-fluxes have been placed on the 

Input side of the generating sector’s balance sheet to reflect the fact that these compounds 

represent a cost to that sector. 

The total amount of atmospheric emissions output to the environment results in an 

equivalent exergy value of 13.4 P J. The Transportation and Conversion sectors both 

generate around 37% of this total, while the Tertiary and Domestic sectors generate 

around 10% each. The Extraction, Agriculture, and Industry sectors each generate much 

smaller amounts to make up the balance.  
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4.2 Capital 
The flux of capital from the Domestic sector to each of the other sectors is taken as the 

sum of the value of production (Input Output 2006), net subsidies (Input Output 2006), 

and depreciation (where available) (CANSIM(b) 2011). The value of production 

represents the total value of products output to all other sectors including exports. The net 

subsidies represent any financial support provided by any level of government. 

Depreciation (or the degradation of fixed capital) represents the renewal cost of capital 

assets or the value lost by any given sector, which under the EEA is analogous to a 

destruction of exergy. Table 48 shows the capital flux input to each sector from the 

Domestic sector. Cells marked with an “x” indicate that the information for that sector is 

unavailable due to the restrictions of the Privacy Act. 

Table 48 - Capital input to each sector from the Domestic sector, current (2006)  

millions of dollars (Input Output 2006). 

Sector 

Value of 

production Subsidies Depreciation Total 

Extraction 1,708.7 64.6 x 1,773.3 

Conversion 1,014.0 0.0 x 1,014.0 

Agriculture 1,522.8 17.3 115.8 1,655.9 

Industry 9,667.4 14.0 497.1 10,178.5 

Transportation 3,160.7 74.1 x 3,234.8 

Tertiary 40,796.4 142.6 1,652.4 42,591.4 

The flux of capital from each sector into the Domestic sector was taken as the sum of the 

intermediate consumption of products and services by that sector (Input Output 2006), 

compensation of employees (Input Output 2006), net product taxes (Input Output 2006), 

return on investment to owners or other operating surplus (Input Output 2006), and any 

capital expenditures (CANSIM(a) 2011). Normally in economic analysis employees and 

owners are regarded as a part of the sector; in this work they are regarded to be a part of 

the Domestic sector, and accordingly all compensation flows from the originating sector 

to the Domestic sector. Table 49 shows the capital flux output of every sector to the 

Domestic sector. 
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Table 49 - Capital output from every sector to the Domestic sector, current (2006) 

millions of dollars (Input Output 2006). 

Sector Consump. Taxes Compensation  

Other Op. 

Surplus 

Capital 

Exp. Total 

Extraction 376.9 8.8 157.9 1,229.7 706.0 2,479.3 

Conversion 421.1 53.1 132.8 407.0 x 1,014.0 

Agriculture 818.9 34.7 482.3 204.2 258.7 1,798.8 

Industry 7,005.2 54.0 1,707.5 914.7 668.8 10,350.2 

Transportation 2,144.9 82.2 814.9 192.8 465.8 3,700.6 

Tertiary 7,191.9 1,320.4 15,826.6 16,600.1 2,896.1 43,835.1 

The equivalent exergy (EC) of any given capital flux (Cin) is calculated by multiplying by 

the exergy influx to the entire economy (Ein) divided by the reference amount of money 

(Cref): 

EC =  C𝑖𝑛 ∗  𝐸𝑖𝑛
𝐶𝑟𝑒𝑓

         (1) 

In previous extended exergy analyses done for Norway (Ertesvåg 2005), UK (Gasparatos 

et al. 2009), China (Chen 2009), and the province of Siena, Italy (Sciubba 2008), the 

reference amount of money used was the quantity M2, or broad money, which is the 

amount of currency in circulation outside of banks, plus bank personal deposits and non- 

personal demand and notice deposits (Bank of Canada 2009). It is not possible to use a 

precise value of this measure for the analysis of the Nova Scotian economy as it is not 

calculated or published for Nova Scotia by any entity. A value of M2 for Nova Scotia 

was estimated by multiplying the median of the 12 monthly values of M2 for 2006 for all 

of Canada (CANSIM(d) 2011) by the share of Nova Scotia’s GDP relative to the total 

Canadian GDP (NS Finance 2007). 

699,262.5 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 $ × 2.2% =  15,256.06 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 $     (2) 

The net exergy input to the Nova Scotian economy in 2006 i s taken as the sum of all 

fluxes originating in either the environment or abroad (extracted, harvested, or imported) 

minus the total exports. This value is calculated as 316.01PJ; an account of these fluxes is 
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given in Table 50. These fluxes are taken directly from the exergy balance sheets found 

in the preceding chapter for each sector. 

Table 50 - Gross inputs and outputs to Nova Scotian economy 2006, calculated net 

input. 

Fluxes Energy (PJ) Exergy (PJ) Comments 

R e,ex 0.01 0.01 Domestic coal production 

R e,ex 26.75 28.89 Domestic oil production 

R e,ex 140.58 146.20 Domestic NG production 

R e,ex - 0.89 Domestic minerals production 

R e,co 4.31 4.31 Waterfall energy 

N e,ag 38.23 41.67 Wood 

N e,ag 5.62 5.62 Harvest 

N e,ag 1.04 1.04 Fish 

N a,ag 0.15 0.15 Food imports 

N a,in 9.23 9.85 Wood 

P a,in 4.27 4.41 Metals, plastic 

R a,in - 0.02 Minerals imported 

R a,ex 75.75 80.30 Imported coal 

R a,ex 172.85 186.67 Imported oil 

R ex,a 10.18 10.99 Exported oil 

R ex,a 130.50 135.72 Exported NG 

R ex,a - 0.38 Minerals exported 

P in,a 46.14 46.71 Metals, minerals, etc 

N ag,a 0.22 0.22 Food exports 

EXTRACTED 216.54 228.63 

 IMPORTED 262.25 281.41 

 EXPORTED 187.03 194.02 

 NET INPUT 291.76 316.01 

 The exergy value of money in the Nova Scotian economy for 2006 is then calculated as: 

316.01 𝑃𝐽 ÷ 15,256.06 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 $ = 20.71 𝑀𝐽/$     (3) 
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Which is close to the value designated by Sciubba (2008) for the province of Siena, Italy 

(18.18 MJ/USD). The capital inputs and outputs of each sector are converted to 

equivalent exergy using equation 1 and are presented in Table 51. These fluxes are 

included in the balance sheet for each sector under the Extended Exergy column. 

Table 51 - Exergetic equivalents of capital flows for each sector of the economy (PJ). 

Sector Capital Input (PJ) Capital Output (PJ) 

Extraction 36.73 51.36 

Conversion 21.00 21.00 

Agriculture 34.30 37.26 

Industry 210.84 214.39 

Transportation 67.01 76.65 

Tertiary 882.24 908.00 

Domestic 396.09 - 
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4.3 Labour 
Labour is considered to be an output from the Domestic sector to all other sectors. Labour 

statistics are recorded by Statistics Canada in terms of total hours worked for all jobs. The 

number of hours worked in all jobs is an estimate based on t he annual average work 

hours for any given job and the average number of jobs in any given sector. This estimate 

includes the total number of hours that a person spends working whether paid or not. 

Regular and overtime hours, travel time, breaks, training, and brief work stoppage where 

workers do not leave their post are all included in this estimate (Statistics Canada 2011c). 

This estimate does not include time lost due to strikes, lockouts, or other long-term work 

stoppages, vacations or public holidays, or any type of leave, including maternity leave, 

sick leave, or leave for personal reasons (Statistics Canada 2011c). The total number of 

hours worked for all sectors in 2006 was 777.5 million hours. Table 52 shows the total 

number of hours worked by sector. 

Table 52 - Total number of hours worked by sector (in thousands of hours) 

(CANSIM(c) 2011). 

Sector Hours (x1000) Fraction 

Extraction 6,102 0.01 

Conversion 5,515 0.01 

Agriculture 30,335 0.04 

Industry 80,239 0.10 

Transportation 40,809 0.05 

Tertiary 614,456 0.79 

Total 777,456 1 

A major output of the Tertiary sector is labour associated with services. This labour is 

considered to be input to the Domestic sector in the form of food and accommodation 

services, health care and social assistance, education, arts, entertainment, and recreation 

services, information and cultural services, and public administration. The sum total of 

hours worked in these industries is approximately 45% of the total hours worked in the 

Tertiary sector. Table 53 shows the hours worked by industry for this labour output of the 

Tertiary sector. 
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Table 53 - Labour hours output from the Tertiary sector to the Domestic sector (in 

thousands of hours) (CANSIM(c) 2011). 

Industry Hours (x1000) 

Health care and social assistance  80,758 

Accommodation and food services  48,902 

Arts, entertainment and recreation  13,906 

Public administration  69,637 

Information and cultural industries  14,580 

Education services  44,049 

Total 271,832 

The equivalent exergy (EW) of any given labour flux (Win) is calculated by multiplying 

by the exergy influx to the entire economy (Ein) divided by the total number of work 

hours generated by the Domestic sector and input to all other sectors (Wref) (Table 52): 

EW =  W𝑖𝑛 ∗  𝐸𝑖𝑛
𝑊𝑟𝑒𝑓

         (1) 

The same value of total exergy input to the Nova Scotian economy for 2006 is used for 

the calculation of the exergy value of labour as was used for the calculation of the exergy 

value of capital. The calculation of the exergy value of labour for the Nova Scotian 

economy in 2006 is then calculated as: 

316.01 𝑃𝐽 ÷ 777,456,000 ℎ𝑜𝑢𝑟𝑠 = 406.5 𝑀𝐽/ℎ𝑜𝑢𝑟    (2) 

The labour inputs and outputs for each sector are converted to equivalent exergy using 

equation 1 and are presented in Table 54. These fluxes are included in the balance sheet 

for each sector under the Extended Exergy column. 

Table 54 - Exergetic equivalents of labour flows for each sector of the economy. 

Sector Labour Input (PJ) 

Labour Output 

(PJ) 

Extraction 2.48 - 

Conversion 2.24 - 
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Sector Labour Input (PJ) 

Labour Output 

(PJ) 

Agriculture 12.33 - 

Industry 32.61 - 

Transportation 16.59 - 

Tertiary 249.76 110.49 

Domestic 110.49 316.01 
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4.4 Results of the Extended Exergy Analysis 

4.4.1 Energy, Exergy, and Extended Exergy Balance Sheets 
The following seven tables summarize the energy, exergy, and extended exergy input and 

output fluxes for each sector of the economy. Efficiency is calculated as the ratio of 

output value to input value for each of energy, exergy and extended exergy. 

Table 55 - Energy, exergy, and extended exergy balance sheet for the Agriculture 

sector, Nova Scotia 2006. 

Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

INPUT 
    Resources 
    R co,ag 3.47 3.67 3.67 Energy carriers 

     Natural 
Resources 

    N e,ag 38.23 41.67 41.67 Wood 
N e,ag 5.62 5.62 5.62 Harvest 
N e,ag 1.04 1.04 1.04 Fish 

N a,ag 0.25 0.25 0.25 
Harvest, fish 
imports 

     
     Products 

    P tr,ag 0.13 0.14 0.14 Cargo services 

P in,ag 0.57 0.59 0.59 
Metals, minerals, 
etc 

     
     Discharges 

    
D ag,e 

 
0.36 0.36 

Atmospheric 
emissions 

     Work 
    W do,ag 
  

12.33 Labour 

     Capital 
  

34.30 Capital 
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Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

TOTAL 
INPUT 49.31 53.34 99.97 

 
     OUTPUT 

    Natural 
Resources 

    N ag,in 31.42 34.25 34.25 Wood 
N ag,do 0.15 0.16 0.16 Wood 

N ag,te 2.30 2.30 2.30 
Food, forest 
products 

N ag,a 0.25 0.25 0.25 
Harvest, fish, wood 
exports 

     Products 
    P ag,te 0.02 0.02 0.02 Diverted waste 

     Waste 
    T ag,e 0.04 0.04 0.04 Disposed waste 

     Capital 
  

37.26 Capital 

     TOTAL 
OUTPUT 34.17 37.01 74.27 

 Efficiency 69% 69% 74% 
  

Table 56 - Energy, exergy, and extended exergy balance sheet for the Extraction 

sector, Nova Scotia 2006. 

Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

INPUT 
    Resources 
    

R e,ex 0.01 0.01 0.01 
Domestic coal 
production 

R a,ex 75.75 80.30 80.30 Imported coal 

R e,ex 26.75 28.89 28.89 
Domestic oil 
production 

R a,ex 172.85 186.67 186.67 Imported oil 

R e,ex 140.58 146.20 146.20 
Domestic NG 
production 
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Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

R co,ex 0.15 0.15 0.15 Electricity 

R e,ex - 0.89 0.89 
Domestic minerals 
production 

R co,ex 2.43 2.58 2.58 
Refined petroleum 
products 

R co,ex 0.04 0.04 0.04 NGL 

     Products 
    P tr,ex 0.13 0.14 0.14 Cargo services 

P in,ex 0.59 0.61 0.61 Industry products 

     Discharges 
    D ex,e 5.48 5.70 5.70 Flared gas 

D ex,e 
 

0.08 0.08 
Atmospheric 
Emissions 

     Work 
    W do,ex 
  

2.48 Labour 

     Capital 
  

36.73 Capital 

     TOTAL 
INPUT 424.75 452.25 491.46 

 
     OUTPUT 

    Resources 
    

     R ex,co 75.75 80.30 80.30 Coal to Conversion  
R ex,a 10.18 10.99 10.99 Exported oil 

R ex,co 189.42 204.57 204.57 
Oil to conversion 
 

R ex,a 130.50 135.72 135.72 Exported NG 

R ex,co 6.15 6.39 6.39 
NG to conversion 
sector 

R ex,in - 0.03 0.03 
Minerals to industrial 
sector 

R ex,a - 0.38 0.38 Minerals exported 

R ex,te - 0.48 0.48 
Minerals to tertiary 
sector 
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Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

Products 
    P ex,te 0.02 0.02 0.02 Diverted waste 

     Waste 
    T ex,e 0.04 0.04 0.04 Disposed waste 

     Capital 
  

51.36 Capital 

     TOTAL 
OUTPUT 412.05 438.92 490.28 

 Efficiency 97% 97% 99% 
  

Table 57 - Energy, exergy, and extended exergy balance sheet for the Conversion 

sector, Nova Scotia 2006. 

Fluxes Energy (PJ) Exergy (PJ) 
Extended Exergy 
(PJ) Comments 

INPUT 
    Resources 
    R ex,co 75.75 80.30 80.30 Coal  

R ex,co 6.15 6.39 6.39 Natural gas 
R ex,co 189.42 204.57 204.57 Oil  

R e,co 4.31 4.31 4.31 
Waterfall 
energy 

     Products 
    

P in,co 0.47 0.48 0.48 
Metals, 
minerals, etc 

P tr,co 0.10 0.11 0.11 Cargo services 

     Discharges 
    

D co,e 
 

4.98 4.98 
Atmospheric 
emissions 

     Work 
    W do,co 
  

2.24 Labour 

     Capital 
  

21.00 Capital 
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Fluxes Energy (PJ) Exergy (PJ) 
Extended Exergy 
(PJ) Comments 

TOTAL 
INPUT 276.19 301.14 324.39 

 
     OUTPUT 

    Resources 
    R co,ex 2.62 2.77 2.77 Energy carriers 

R co,ag 3.47 3.67 3.67 Energy carriers 
R co,tr 69.58 73.73 73.73 Energy carriers 
R co,te 46.58 48.73 48.73 Energy carriers 
R co,in 21.96 21.66 21.66 Energy carriers 
R co,do 27.01 27.79 27.79 Energy carriers 

     Products 
    P co,te 0.02 0.02 0.02 Diverted waste 

     Waste 
    T co,e 0.03 0.03 0.03 Disposed waste 

     Capital 
  

21.00 Capital 

     TOTAL 
OUTPUT 171.27 178.39 199.40 

 Efficiency 62% 59% 61% 
  

Table 58 - Energy, exergy, and extended exergy balance sheet for the Industry 

sector, Nova Scotia 2006. 

Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

INPUT 
    Resources 
    R co,in 21.96 21.66 21.66 Energy carriers 

R ex,in - 0.03 0.03 Minerals 

R a,in - 0.02 0.02 
Minerals 
imported 

     Natural 
Resources 

    N ag,in 31.42 34.25 34.25 Wood 
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Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

N a,in 9.23 9.85 9.85 Wood 

     Products 
    P te,in 1.50 1.53 1.53 Recycled paper 

P a,in 4.27 4.41 4.41 Metals, plastic 
P tr,in 0.83 0.88 0.88 Cargo services 

P te,in 1.95 1.95 1.95 
Other recycled 
material 

Discharge 
    

D in,e 
 

0.51 0.51 
Atmospheric 
Emissions 

     Work 
    W do,in 
  

32.61 Labour 

     Capital 
  

210.84 Capital 

     TOTAL 
INPUT 71.16 75.09 318.55 

 
     OUTPUT 

    Products 
    

P in,a 46.14 46.71 46.71 
Metals, 
minerals, etc 

P in,te 16.18 16.68 16.68 
Diverted waste, 
products 

P in,ag 0.57 0.59 0.59 
Metals, 
minerals, etc 

P in,ex 0.59 0.61 0.61 
Metals, 
minerals, etc 

P in,co 0.47 0.48 0.48 
Metals, 
minerals, etc 

P in,tr 0.91 0.94 0.94 
Metals, 
minerals, etc 

     Waste 
    T in,e 0.25 0.25 0.25 Disposed waste 

     Capital 
  

214.39 Capital 

     TOTAL  65.10 66.25 280.65 
 



 
 

95 
 

Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

Efficiency 91% 88% 88% 
  

Table 59 - Energy, exergy, and extended exergy balance sheet for the 

Transportation sector, Nova Scotia 2006. 

Fluxes Energy (PJ) Exergy (PJ) 
Extended Exergy 
(PJ) Comments 

INPUT 
    Resources 
    R co,tr 69.58 73.73 73.73 Energy carriers 

     Products 
    

P in,tr 0.91 0.94 0.94 
Metals, 
minerals, etc 

     Discharges 
    

D tr,e 
 

4.92 4.92 
Atmospheric 
emissions 

     Work 
    W do,tr 
  

16.59 Labour 

     Capital 
  

67.01 Capital 

     TOTAL 
INPUT 70.48 79.58 163.18 

 
     OUTPUT 

    Products 
    P tr,ex 0.13 0.14 0.14 Cargo services 

P tr,co 0.10 0.11 0.11 Cargo services 
P tr,ag 0.13 0.14 0.14 Cargo services 
P tr,in 0.83 0.88 0.88 Cargo services 
P tr,te 3.61 3.83 3.83 Cargo services 

P tr,do 10.44 11.06 11.06 
Passenger 
services 

     Capital 
  

76.65 Capital 
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Fluxes Energy (PJ) Exergy (PJ) 
Extended Exergy 
(PJ) Comments 

TOTAL 
OUTPUT 15.24 16.16 92.81 

 Efficiency 22% 20% 57% 
  

Table 60 - Energy, exergy, and extended exergy balance sheet for the Tertiary 

sector, Nova Scotia 2006. 

Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

INPUT 
    

     Resources 
    R co,te 46.58 48.73 48.73 Energy carriers 

R ex,te - 0.48 0.48 Minerals  

     Natural 
Resources 

    N ag,te 1.46 1.46 1.46 Food 

     
     Products 

    P tr,te 3.61 3.83 3.83 Cargo services 

P in,te 15.68 16.18 16.18 
Diverted waste, 
products 

P ex,te 0.02 0.02 0.02 Diverted waste 
P ag,te 0.02 0.02 0.02 Diverted waste 
P co,te 0.02 0.02 0.02 Diverted waste 
P do,te 1.09 1.09 1.09 Diverted waste 

     Discharges 
    

D te,e 
 

1.41 1.41 
Atmospheric 
emissions 

     Work 
    W do,te 
  

249.76 Labour 

     Capital 
  

882.24 Capital 

     TOTAL INPUT 68.47 73.23 1205.23 
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Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

OUTPUT 
    

     Products 
    P te,in 1.50 1.53 1.53 Recycled paper 

P te,do 4.59 4.74 4.74 Industry products 
P te,do 1.31 1.31 1.31 Food 

P te,do 4.81 5.05 5.05 

Energy services 
 
 

P te,in 1.95 1.95 1.95 
Other recycled 
material 

P te,e - 0.03 0.03 Road salt 
Waste 

    T te,e 1.46 1.46 1.46 Disposed waste 

     Work 
    W te,do 
  

110.49 Labour 

     Capital 
  

908.00 Capital 

     TOTAL 
OUTPUT 15.63 16.06 1034.55 

 Efficiency 23% 22% 86% 
  

Table 61 - Energy, exergy, and extended exergy balance sheet for the Domestic 

sector, Nova Scotia 2006. 

Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

INPUT 
    

     Resources 
    R co,do 27.01 27.79 27.79 Energy carriers 

     
     Natural 
Resources 

    N ag,do 0.15 0.16 0.16 Wood 
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Fluxes 
Energy 
(PJ) 

Exergy 
(PJ) 

Extended Exergy 
(PJ) Comments 

Products 
    

P te,do 4.59 4.74 4.74 
Industry 
products 

P te,do 1.31 1.31 1.31 Food 

P te,do 4.81 5.05 5.05 
Energy by 
services 

P tr,do 10.44 11.06 11.06 
Passenger 
services 

     Discharges 
    

D do,e 
 

1.10 1.10 
Atmospheric 
emissions 

     Work 
    W te,do 
  

110.49 Labour 

     Capital 
  

396.09 Capital 

     TOTAL INPUT 48.31 51.20 557.79 
 

     OUTPUT 
    

     Products 
    P do,te 1.09 1.09 1.09 Diverted waste 

     Waste 
    T do,e 1.33 1.33 1.33 Disposed waste 

     Work 
    W do,ex 
  

2.48 
 W do,co 

  
2.24 

 W do,ag 
  

12.33 
 W do,in 

  
32.61 

 W do,tr 
  

16.59 
 W do,te 

  
249.76 

 
     
     TOTAL 
OUTPUT 2.43 2.43 318.44 

 Efficiency 5% 5% 57% 
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Table 62 shows the total extended exergy inputs and outputs by type of flux for all 

sectors of the economy. The total extended exergy loss (or destruction) for each sector is 

calculated as the difference between the input and the output.  

Table 62 - Extended exergy fluxes of the province of Nova Scotia 2006, and extended 

exergy destruction by sector. 

Flux Ag Ex Co In Tr Te Do 

Input 

       R 3.92 445.72 295.57 21.71 73.73 49.21 27.79 

P 48.58 0.75 0.59 8.77 0.94 21.65 22.15 

N 0.00 0.00 0.00 44.10 0.00 1.46 0.16 

W 12.33 2.48 2.24 32.61 16.59 249.76 110.49 

C 34.30 36.73 21.00 210.84 67.01 882.24 396.09 

Total 

Input 99.1 485.7 319.4 318.0 158.3 1204.3 556.6 

Output 

       R 0.00 438.86 178.34 0.00 0.00 0.00 0.00 

P 0.02 0.02 0.02 66.00 16.16 14.60 1.09 

N 36.96 0.00 0.00 0.00 0.00 0.00 0.00 

W 0.00 0.00 0.00 0.00 0.00 110.49 316.01 

C 37.26 51.36 21.00 214.39 76.65 908.00 0.00 

T 0.04 0.04 0.03 0.62 0.00 1.10 1.33 

D 0.36 5.78 4.98 0.51 4.92 1.41 1.10 

Total 

Output 74.6 496.1 204.4 281.5 97.73 1035.6 319.5 

Extended 

Exergy 

Loss 24.5 -10.4 115.0 36.5 60.53 168.7 237.2 
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Chapter 5: Discussion 

5.1 Discussion of Results 
The energy and exergy analysis of the Nova Scotian economy following the principles of 

extended exergy accounting (Scuibba 2001) resulted in very high conversion ratios in the 

Extraction sector. This is mainly due to large amounts of natural gas produced and 

exported and large amounts of imported oil. The extended exergy balance sheet of the 

Extraction sector shows the domination of these two fluxes in the overall conversion of 

exergy.  

The Agriculture sector analysis results in a relatively high conversion ratio of 

approximately 70% for energy and exergy and approximately 74% for extended exergy. 

The extended exergy balance sheet shows that this sector is producing large amounts of 

wood for transfer to the Industry sector, where it is processed into intermediate and final 

products for export and final consumption. A major loss of exergy in this sector is the 

low conversion efficiency of animals in converting feed to protein for human 

consumption. It is clear from this analysis that Nova Scotia is producing large amounts of 

food both for domestic consumption and export. 

The Conversion sector analysis results in a relatively high conversion ratio of 

approximately 60% for energy, exergy, and extended exergy. The balance sheet of this 

sector is dominated by the conversion of domestically produced and imported oil into 

energy carriers like fuel oils, gasoline, and diesel. Coal is the main fuel source for 

electricity generation in Nova Scotia, which lowers the overall efficiency relative to 

countries like Norway, where the main source of electricity generation is hydropower 

(Ertesvåg 2005).  

The Industry sector is dominated by the wood, pulp, and paper manufacturing industries. 

They are the single largest users of energy carriers and are efficient at converting raw 

wood into intermediate and final products for domestic consumption and export. The 

overall energy efficiency of this sector is approximately 92% due to the use of waste 

products for electricity and process heat generation. The exergy and extended exergy 

efficiencies are high as well, at approximately 88%. The Industry sector is capital-
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intensive, but also generates a large output of capital in the form of wages and 

compensation and return on investment.  

The Transportation sector energy and exergy conversion ratios are low at approximately 

20%. This is due to the large losses involved in converting liquid energy carriers to 

kinetic energy for the transportation of goods and passengers. Land transportation 

methods, and particularly cars, have the largest effect on lowering these conversion ratios 

as they completely dominate the use of energy carriers in this sector. The extended 

exergy conversion ratio is significantly higher, at approximately 57% owing to the high 

rate of return on capital investment. 

The Tertiary sector analysis likewise results in low energy and exergy conversion ratios 

of approximately 20%. There are assumed to be small losses in the transfer of products 

from this sector to the domestic sector, but it i s the relatively inefficient end-uses of 

energy like space heating and cooling that result in such low energy and exergy 

conversion ratios. The recirculation of waste materials from all other sectors to the 

Industry sector for reprocessing has the effect of raising these conversion ratios. The 

extended exergy conversion ratio is much higher at approximately 86%, representing the 

value of providing services to the Domestic sector in the form of labour and the high rate 

of return on capital investment. 

The Domestic sector analysis results in very low energy and exergy conversion ratios of 

approximately 5%. Under the accounting principles followed in this work, this sector 

does not produce any products (besides waste) that can be quantified by their specific 

chemical exergy. The extended exergy conversion ratio is significantly higher, at 

approximately 57%. The labour input to this sector from the Tertiary sector and the large 

amount of input capital (in the form of wages and compensation) make a substantial 

contribution to raising this efficiency.  

The balance sheets of each sector result in similar energy and exergy efficiencies. The 

main reason is that the fluxes dominating these analyses are generally products and 

resources for which the specific energy and specific exergy differs only slightly (for 

example there is an approximately 6% difference between the energy and exergy of any 
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particular flux of refined petroleum products). The difference between these efficiencies 

is that while the energy is conserved and discharged to the environment, the exergy is 

destroyed through irreversibilities. 

The extended exergy efficiencies calculated for each sector of the Nova Scotian economy 

are compared to those calculated for four other extended exergy analyses conducted in 

recent years for three European countries and China in Table 63. The year of data used in 

the analysis is found in the first row of Table 63, while the publication date for each is 

found in the caption. 

Table 63 - Extended exergy efficiencies (%) by sector for recent analyses (Ertesvåg 

2005), (Gasparatos et al. 2009), (Sciubba 2008), and (Chen 2009). 

Sector 

Norway 

(2000) 

UK 

(2004) 

Siena, Italy 

(2000) 

China 

(2005) 

Nova Scotia, Canada 

(2006) 

Ex 94.5 91.4 33 88.3 99 

Co 76.5 38.9 54 28.1 61 

Ag 61.5 49.1 61 56.3 74 

In 68.8 38.6 64 38.0 88 

Tr 62.8 31.5 26 23.9 57 

Te 74.6 80.0 85 54.9 86 

Do 133.7 - 83 127.3 57 

It is clear from Table 63 that the efficiency of similar sectors throughout the world varies 

considerably.  
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5.2 Discussion of Error 
The production and import and export figures used in this work are taken from official 

Canadian statistical products generated by Statistics Canada and relevant reporting 

agencies. Different reports use different information gathering methods to estimate these 

figures, and each includes a m easure of statistical error. For example, the Report on 

Energy Supply and Demand (Energy Supply Demand 2007) published by Statistics 

Canada is the official energy balance of the country. The statistical difference between 

the availability and final demand of energy carriers is published as a fraction for each 

type of energy carrier. For Nova Scotia, this difference is zero for all energy carriers 

except refined petroleum carriers, where it is non-zero but suppressed due to the Privacy 

Act. The magnitude of production and use of refined petroleum products means that this 

difference would have to be substantial to have an effect on the energy or exergy 

conversion ratio for any sector, and so the influence of statistical error like this can be 

omitted.  

Material fluxes of organic matter, like wood and food, are more difficult to account 

exactly. The moisture content of products and resources can vary substantially during 

storage and transport and so assumptions have been made about the moisture and energy 

contents of these fluxes. Exact reporting of the production mass or volume is not always 

available at the provincial level. This is not due to a lack of information or lax reporting 

standards, but rather the restrictions placed on Statistics Canada by the Privacy Act. The 

exact reason why a p articular figure is not publicly available is not reported. Where 

possible, estimates of production are made according the relative values reported as 

transfers between industries in the Input-Output Structure of Canada (Input Output 2007). 

The exergy value of capital as calculated in this work is an estimate based on an 

assumption about the amount of currency available in the Nova Scotia economy in 2006. 

The measure suggested by Sciubba (2008) is broad money (M2) which is not published at 

the provincial level for Canada.  However, the calculated value is close to that calculated 

for the extended exergy analysis of Siena, Italy (18.18 MJ/USD) (Sciubba 2008), another 

analysis at the provincial level, and that calculated for the extended exergy analysis of 

Norway (20.09 MJ/USD) (Ertesvåg 2005).  
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The exergy value of labour calculated for Nova Scotia is relatively high (406.5 MJ/hour 

compared to those calculated for other extended exergy analyses. This value was 

calculated as 253.0 M J/hour for Siena (Sciubba 2008), 248.3 M J/hour for the UK 

(Gasparatos et al. 2009), and 71.9 MJ/hour for China (Chen 2009). Labour in Norway 

was calculated to have a value of 525.8 MJ/hour (Ertesvåg 2005) which is close to the 

value calculated for Nova Scotia. This relatively high value is explained for Norway as 

being a result of the large role played by the energy conversion and extraction industries. 

This explanation is satisfactory for Nova Scotia as well, Table 50 shows the large role 

played by energy carriers extracted and converted within this economy.  
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Chapter 6: Conclusions 

6.1 Exergy Analysis 
The objective of this work was twofold: 

• An exergy analysis of the material and energy fluxes transferred between 

economic sectors in Nova Scotia for 2006. 

• An extended exergy analysis including the non-energetic fluxes of labour and 

capital transferred between economic sectors in Nova Scotia for 2006. 

The fluxes of materials and energy between sectors of the Nova Scotian economy are 

thoroughly accounted for 2006. T he efficiency of each sector is calculated and the 

performance with respect to exergy conversion and loss is discussed. The extended 

exergy efficiency of the Extraction sector was found to be 99.8%, the Conversion sector 

61.5%, the Agriculture sector 74.1%, the Industry sector 88.2%, the Transportation sector 

56.9%, the Tertiary sector 85.8%, and the Domestic sector 57.1%. These values are 

similar in many cases to those found for analogous sectors in other countries.  

The value of capital in terms of extended exergy was found to be similar to the value 

found for European nations. The value of labour was found to be high, but not 

inexplicably so, as discussed in section 5.2 Discussion of Error. 

The results of this study show a large dissipation of high quality energy (loss of exergy) 

for the majority of economic activities within the province. There is room for 

improvement on t hese measures through policies directed at raising the conversion 

efficiency, but it is not clear that an absolute increase in exergy (or extended exergy) 

conversion efficiency for all sectors is beneficial for the society at large. The variation of 

conversion efficiencies across countries presented in Table 63 suggests instead that there 

are multiple possible configurations of optimum efficiencies depending on the resources 

available and makeup of the economy. 
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6.2 Future Work 
This is the first exergy (and extended exergy) analysis of the Canadian economy at the 

provincial level and serves as a g uide for future analyses. The procedure for other 

provinces will be similar depending on the availability of statistical data. The procedure 

for the analysis of the whole of Canada may prove to be more straightforward than 

analysis at the provincial level owing to the abundance and fewer restrictions placed on 

data at the country level of aggregation. 

Future studies can build on t his analysis by inserting environmental remediation 

processes into the extended exergy analysis. In this work, only the specific chemical 

exergy of disposed waste and atmospheric emissions are considered as part of the 

extended exergy analysis. A theoretical process which brings the total exergy of each 

chemical compound or type of waste into equilibrium with the environment can be 

created, inserted where appropriate, and accounted for as an exergetic cost. 
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Appendix A: Enthalpy of devaluation and standard chemical exergy of 

inorganic and organic substances (Szargut 1988) 
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Appendix B: Group contributions for enthalpy of devaluation and 

standard chemical exergy of organic compounds (Szargut 1988) 
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