Chapter 5. Commodity  and energy balances
A. Introduction and purpose
A.1 Introduction

Energy statistics expressed in natural units such as metric tons for oil, GWh for electricity, or terajoule or cubic metres for natural gas can be presented in the form of commodity balances which show the supply and use of the energy products. A commodity balance provides a check on the completeness of the data and a simple means of assembling the main statistics of each energy product so that key data are easily obtained. However, because fuels are mainly bought for their heat-raising properties and can be converted into different fuel products, it is also helpful to present the supply and use data in common energy units, such as terajoule or tonnes of oil equivalent, which makes it possible to sum across the various products to obtain a value for total energy, and to compare energy products’ relative contributions against each other. The format adopted is termed the energy balance. 
An energy balance is a complete framework for showing the production, trade, transformation and consumption of all energy products in the national territory. It allows users to see transformation efficiencies and the relative importance of the different fuel supplies in their contribution to the overall energy supply. The statistician also uses the energy balance as a high-level check on the data accuracy as apparent energy gains in conversion processes or large losses indicate data problems. 
This chapter is a supplement to IRES Chapter 8 on energy balances and IRES Annex C on commodity balances. The chapter presents practical guidelines on how to compile commodity balances and use them to compile energy balances. It is hard to give guidance on energy balances without mentioning some main principles and definitions that are also described in IRES, but as a rule, reference is made to IRES instead of repeating the complete text, to avoid duplication as much as possible. Some repetitions have been included for practical reasons and to help the reader. 

The chapter is aimed at countries that already have some experience with balances as well as countries that are in the initial phase of this work. In particular, it will describe how to use the data items presented in Chapter 6 of IRES on statistical units and data items. The chapter also discusses some of the options available to countries and international organisations as to how to present their data. 
The chapter is divided into four main parts.  Section A presents a general discussion on the importance of energy balances and their main uses; Section B provides general information on the scope, frequency and level of detail of commodity balances and energy balances; Section C and D describe how to compile a commodity balance and how convert it to an energy balance; and the final section E provides country-specific examples. Throughout the chapter information is given on various principles that are needed in order to actually calculate an energy balance and on estimating certain required data. Data checks on the commodity balance and the energy balance are also discussed. 
A.2 Importance of energy balances
When compiled and published on a regular basis, an energy balance gives essential information for analysis and energy policy purposes, and for greenhouse gas emission calculations. Energy balances are also a starting point for the construction of various energy indicators (for example consumption per capita) and provide the basis for monitoring energy efficiency (although additional detail is required for this purpose). 
Energy balances can also be used to monitor the progress of energy policy targets, such as increasing the share of renewable energy, reducing the growth in energy consumption or reducing the dependency on energy imports. Policy makers are often interested in the overall growth (or decline) in a territory’s total energy supply, to see how much energy is being used. This figure is often combined with GDP or population data to get an energy intensity indicator. Comparing energy supply with a territory’s production figure will also give a relative indication of energy security, as this shows whether a country is a net exporter or importer. And if a single product (either domestically produced or imported) accounts for a large share of total energy supply, then this can also flag energy security concerns.

Moving on from basic indicators, with the consumption data broken down by economic sector in the energy balances at least allows for each industry’s total use of energy. But to really measure energy efficiency, these data can be combined with other socio-economic data such as number of vehicles and the size of housing stock.

Energy balances are also essential for greenhouse gas inventories. The IPCC guidelines state that energy balances, rather than commodity balances should be used, because data in a common energy unit are likely to vary less than data in physical terms (one ton of sub-bituminous coal can contain a wide range of carbon values, while one terajoule of sub-bituminous coal will have a carbon content that is much more constant). And the necessity that energy balances do not double count production allows for the greenhouse gas data to count everything only once too.

In addition, energy balances may serve as input to physical energy flow account tables (see the Chapter on energy accounts in the ESCM) or as a basis for calculating value figures for energy in the national account framework (energy data with definitions comparable to national accounts).
Energy balances can be set up in a variety of ways. The level of detail and layout will depend on the specific objectives that need to be met. This chapter provides several examples of different layouts for energy balances. However, problems may arise when different principles and definitions are applied across countries, institutions and organizations. The user of such energy balances has to be cautious when comparing figures using the different layouts. This chapter aims to describe and explain the methodology for setting up energy balances as recommended in IRES, although different user needs and preferences for layout are taken into account. For these reasons, when publishing an energy balance it is always crucial to mention which methods and layout principles have been adopted, so that the data user understands how each figure was calculated.
B. General information pertinent to both commodity balances and energy balances
Complete energy balances are based on a variety of different data sources which are usually collected in the energy products’ natural unit, such as metric tonnes or litres for oil products, GWh for electricity etc. It is recommended to start to compile the commodity balance for each energy product, or group of products, in its natural unit, before converting it to an energy balance in a common unit. Commodity balances should be considered as a first step in the compilation of energy balances. Commodity balances are valuable accounting tools used to compile and check the national energy statistics for a country. Once compiled, commodity balances provide the building blocks to calculate an energy balance.

B.1. Scope of commodity balances and energy balances
A commodity balance and an energy balance follow the territory principle. This means that the balance follows the flow of energy within the country. The figures include energy produced, traded and used within the country, regardless of the user’s residence status or the nationality of the enterprise producing, transforming and selling the data. This principle is described in several places within IRES. This implies different figures between the energy balances and energy accounts (ref: chapter of ESCM, on “Compilation of Energy Accounts”), especially for international shipping and aviation.

The scope of the balances in terms of products is defined by the scope of Standard International Energy Product Classification (SIEC). Therefore, all energy products of fossil origin listed in SIEC (except peat) should be accounted for in the balances, regardless of whether or not they are used for energy purposes. This means that bitumen used in asphalt, lubricants in engines, or LPG used in the production of plastic or chemicals, should be included, so that the inputs and outputs from refineries (or other transformation activities) can be properly accounted for, even when the final product falls outside the energy sector. 

Waste, biofuels and peat used for energy purposes are also included in the scope of the balances. Thus, the inclusion of waste, biofuels and peat in total energy production depends on their use, i.e. it is derived from use-side information (i.e. waste, biofuels and peat are covered in balances only to the extent they are used for energy production and not when used for other purposes); a corollary to this is that the non-energy use for these products is always zero by definition.

As described in IRES, the energy balance does not include passive energy such as heat gains in buildings and solar energy falling on land, energy resources and reserves, or waste, biomass and peat not used for energy purposes. An energy balance should also include energy from nuclear fuels. IRES lists Uranium and plutonium, and Other nuclear fuels as energy products in section 9; having said that, in an energy balance the nuclear heat is normally the first form of energy accounted (see Section D.4).

SIEC gives a hierarchical classification of energy products to be included in the balance, and should be used as a reference for which products to include.

However, the energy market is fast-evolving, and statisticians should constantly consider whether new technologies or energy sources, should be added to the energy balance, along with appropriate revisions of SIEC. For example, until the 1960s there was almost no electricity produced from nuclear energy; more recently wind and solar energy have started to be deployed rapidly; biofuels have been quickly increasing in relevance and tomorrow might see a fast development of hydrogen and fuel cells. As a consequence, there is an obvious need for statistics and statisticians to follow, if not to anticipate, the fast evolution of the energy market. 

There are also some minor products, not mentioned in SIEC that are explicitly included in the energy balance only by a few countries. Examples are energy from heat pumps, and district cooling. This is further described in appendix 4.
B.2. Level of detail
The main parts of the balances have been largely described in IRES. The energy products are described in detail in Chapter 3 of IRES on the SIEC and the flows are described in Chapter 5 of IRES on energy flows. The format and principles of commodity and energy balances are described in IRES. 
In general, the level of detail that appears in the disseminated commodity and energy balances (for the energy products and the energy flows) depends on the energy situation and the user needs in each country, data availability and confidentiality.

Commodity balances should be constructed at the national level for every energy product in use. In practice minor commodities are often aggregated for practical purposes. Care should be taken, however, when aggregating products: combining products together too quickly in the process  may inhibit making good estimations and carrying out accurate checks at a later stage. 
Another reason for combining products may be to protect the disclosure of individual information (confidentiality).  This usually takes place at a later stage of the compilation of the balances. While detailed information for each energy product should be kept in a database for working and for analysis purposes, the final layout and presentation of the balance may require aggregating some products and/or flows to avoid the release of confidential information to the general public.
SIEC gives a list of about 80 energy products. Within an individual country fewer energy products may be relevant, but still it may be necessary to aggregate some products before publishing. The same holds true for the energy balance, as far as the calculation is performed on disaggregated data. Examples of different levels of aggregation used in countries are provided in this chapter.   
B.3. Frequency of balances 
Balances are usually prepared and presented on an annual basis, and IRES recommends that countries compile and disseminate them annually as a minimum. This is because detailed data sources are often available on an annual basis only. 
However, user needs such as the need to see seasonal trends and variation, available information and resources form the basis for deciding if commodity balances and energy balances should also be compiled on a quarterly and/or monthly basis. Because of the high frequency of compilation, monthly and quarterly balances are compiled on a more aggregate level than annual balances, and are generally focused on selected flows of supply, such as production, imports etc. and some aggregated figures for consumption. While supply and sales data may be available on a monthly basis, detailed consumption data are usually not available as frequently due to the costs of collecting this data. Box 1 below describes some examples of more frequently compiled commodity balances. 
Box 1: Examples of monthly/quarterly commodity balances
There are a number of examples of balances compiled on monthly and/or quarterly basis.  In the UK, quarterly energy balances have been compiled for several of years.  They are compiled at a fairly detailed level of aggregation showing for example, a breakdown of final consumption (Iron and Steel, Other industries, Transport, Other final users, and Non-energy uses) as well as a breakdown of transformation.  The quaerlerly energy balances are published within XXX from the end of the quarter.  See table E.1.

An example of a monthly commodity balance is provided by the Joint Organization Data Initiative Oil (JODI Oil) which consists of an international monthly data collection of a commodity balance for oil statistics (in tons or barrels) focusing on major flows (such as production, import, exports, stock changes and use) for oil and oil products (such as Crude Oil, NGL, Other Hydrocarbons, LPG, Naphtha, Gasoline, Kerosenes, Residual Fuel Oil, and Other Petroelum Products).  More than 90 countries provide monthly data and the JODI Oil database serves as a basis for understanding the short term oil market.  For more information see www.jodidata.org 
C. How to compile commodity balances
C.1 Introduction

A commodity balance can be compiled for one single energy product, or for all energy products in the country. In the latter case it will resemble the energy balance, except that there will be no “Total” column and the layout, especially the transformation sector, will usually be different. The main components are the same in the commodity balances and the energy balances, so most of the descriptions of these components are valid for the energy balance as well. The differences in format are further described in section D on compiling energy balances.
A complete commodity balance for all energy products is usually compiled by using multiple data sources. A challenge with using various data sources is to get comparable data for both supply and use. If statistics were perfect, supply data would correspond to use data, but this is not always the case due to inaccurate or inconsistent data. A common problem is also that data from different sources for the same variable are not always equal; often due to inaccuracy in the data, or respondents’ different interpretation and understanding of definitions, but also due to differing time frames. These issues are further described in the section on statistical differences.
The different flows in the commodity balance are described in the following sections, starting from the top with the supply side.
The main sections in the balance are production, trade, transformation, energy industries own use, final energy consumption and non-energy use. One of the reasons that energy producing industries and transformation are so clearly separated from final consumption in the balance is to avoid double counting between primary and secondary products. A large proportion of the energy that is used as final consumption is secondary energy that has been transformed from the primary energy to be more useful for final consumption purposes, e.g., gasoline and electricity (rather than crude oil or lignite). Technical descriptions of energy flows can also be found in Chapter 5 and chapter 8 in IRES. 
Diagram 1. Flows in the commodity balance
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Diagram 1 shows the flows of energy within a commodity balance. When a primary energy product is transformed, the output of the transformation process will be presented in the top block (of the output product) since production includes both primary and secondary production. There can also be movement from the middle to the bottom block if a product is transferred in and then consumed in the bottom block.
C.2. Energy supply
Supply in the commodity balance consists of the following components;
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This is referred to as the “Top Block” in IRES. 
It should be noted that only selected components of the balances are contained in this section, in order to discuss relevant issues of concern. However, detailed definitions of these components are not repeated in this chapter as they are already included in Chapter 5 of IRES. 
C.2.1 Production:
· Primary production is the capture or extraction of fuels or energy from natural energy flows, the biosphere and natural reserves of fossil fuels within the national territory in a form suitable for use. Inert matter removed from the extracted fuels and quantities reinjected flared or vented are not included. Examples of primary production are hard coal, crude oil and fuelwood.
· Secondary production is the manufacture of energy products through the process of transformation of primary or secondary fuels or energy. The quantities of secondary fuels reported as production include quantities lost through venting and flaring during and after its production (Ref.  Chapter 5 IRES). Examples of secondary products are gasoline, kerosene and blast furnace gas.
Annex A in IRES gives a complete list of primary and secondary products respectively. The split between primary and secondary energy production is essential for energy balances, while commodity balances essentially treat the two forms of production identically. One main difference from the energy balance is that in a commodity balance both primary and secondary products are normally included in the top row under production. In the energy balance, only primary production is included in the top row while secondary production appears as output of transformation processes, to avoid double counting supply. Such concepts will be described in the last part in section D8.
Production from “other sources”: The production from other sources represents an addition to the supply of an energy product that has already been accounted for in the production of another energy form, or in the case of coal can also be recovered slurries, middlings and other low-grade coal products, which cannot be classified according to type of coal and includes coal recovered from waste piles and other waste receptacles. Examples are: the blending of petroleum gases with natural gas. See more about this in IRES paragraph 6.43 and 6.46. In the energy balances, these additions to a product’s supply are normally accounted for as a transformation output.
C.2.2 Imports and exports: This includes imports and exports of both primary and secondary energy products. A main data source is external trade statistics in the country, which are usually based on custom declarations. Another source could be separate trade information from the producing units. The applicability of this data may depend on a variety of factors, such as inconsistent declaration of energy products due to difficulties distinguishing between for instance oil products with a near-identical chemical composition. 

A particular problem with using external trade statistics is related to the classifications used, which are the Harmonized Commodity Description and Coding System (HS) and in a few cases the Standard International Trade Classification (SITC), while SIEC is used for energy statistics purposes. A conversion table between these different classifications is given in IRES, but a simple conversion of data is often not possible. A main factor here is that the HS does not sufficiently distinguish among the various oil products (in fact motor gasoline, jet fuel and white spirit are all located in the same HS subheading). However, in many cases a nationally adapted version of the Harmonized System is used, which may be providing more detail that aligns better with the energy products in SIEC. Still, even in such cases caution has to be used in matching the relevant products, as similar names do not always carry similar definitions. 
C.2.3 International bunkers: This should include both marine and aviation bunkers, as defined by IRES. Bunkers have generally been subtracted from a country’s energy supply since the principle of their exclusion from a country’s greenhouse gas inventories has become the international standard. 
It should be noted that there may be an overlap in the export data of transport oils for shipping/aviation and data included in the bunkers category. If it is possible to identify bunker fuels in the export figures, then these should only be included in the bunkers category and the export figures should be adjusted.

It may be problematic to separate national and international bunkering, both for aviation and shipping, as national bunkering in aviation and shipping should be accounted as final consumption in transport. If the data sources are oil distributors, they do not always know the exact split between sale to different user group, such as fishing, national sale and international sale. Another problem is that much of the oil is sold to resellers of oil. A solution may be to purchase a customer list with identification number from the oil companies, and to find the right industry from registers and / or to contact some of the main resellers to get the distribution of oil by user group. Some countries also collect these kinds of data from aviation or shipping companies directly.

Chapter 5 of IRES gives more information on the treatment of bunkers. Possible data sources could be oil companies that sell oil products, if they have information about their sales to different customer groups. Furthermore, some statistical offices have transport statistics that cover energy consumption in aviation and shipping.
C.2.4 Stock changes: Except for electricity and heat, energy is sometimes not consumed immediately after its production or provision. Energy can be stored, and therefore, the supply of energy will not correspond to consumption unless it is adjusted to account for stock changes. To ensure comparability of energy statistics with the accepted practice in other areas of economic statistics, such as national accounts, stock changes are defined in IRES as closing stock minus opening stock in the reference period. With this convention, a positive value of stock change is a stock build and represents a reduction in the supply available for other uses, while a negative value is a stock draw and represents an addition to the supply for other uses. Any deviation of this convention, which is defined in IRES, should be clearly indicated as a footnote. 
The stock changes flow should not be used as a balancing item in lieu of the statistical difference flow.
C.3. Transfers, transformation, energy industries own use and losses
This part of the energy balance is referred to as the “Middle block” in IRES, chapter 8. At first glance the components in the middle block are similar between the energy balance and commodity balance, but the methodology of the transformation part is certainly different. 
C.3.1 Transfers: The transfers row in IRES is a statistical tool for moving energy between products when, for example, they are reclassified or have changed name. Transfers comprise product transferred and interproduct transfers (both of which are defined in IRES). In theory the commodity balance transfers row should sum to zero, but may not if recycled products are included here.
C.3.2 Transformation

Transformation processes are an important part of the balance and show changes from a primary or secondary fuel, by physical and/or chemical means, into a secondary or tertiary energy product which is better suited to the uses for which it is intended (see definition on primary and secondary products above; first paragraph in section C.2.1.)
The commodity balance shows transformation input as a separate category. This is energy products used as input to produce secondary energy products, such as waste used in production of district heating, or crude oil converted to oil products. Energy used as own use (to support operation, e.g. for heating etc.) is not included here, but in the category energy industries own use. The distinction between quantities of energy transformed into a new product and quantities used to maintain the process is an important one, as it allows better calculation of efficiencies in the transformation process. 
The transformation category should show the input into the main energy producing industries separately. However, the level of detail depends on data availability. The output – the production of secondary energy products – is often presented in the top row in the commodity balance, together with primary production, as illustrated in table C.1 and C.2. This is in contrast to the energy balance, where the transformation flows shows both the input and output, with input as negative numbers and output of secondary energy products as positive numbers. An exception to this is when the output of the transformation activity is going into the commodity balance of a different family of energy product, such as blast furnace gas being blended with natural gas. While this is still treated as transformation in the energy balances, in commodity balances we see these quantities in production from other sources.
The various processes of fuel conversion and energy production are described in detail in Chapter 5 of IRES; Part D and E about “Energy industries”. See also the energy balance table 8.1 in IRES. Examples include the manufacture of coke oven coke from coking coal in coke ovens or the generation of electricity from steam produced by burning fuels. Below are some examples on how to treat some specific, less straightforward transformation processes;
Heat plants: The production of heat in heat plants is also the direct result of combustion and is identical in nature to heat-raising by final consumers. Heat produced by district heating plants, whose main purpose is to produce and sell heat to other consumers, is considered main activity production, and should be included in the transformation flow in the balance. In addition, the production of heat (steam) for sale from an autoproducer (another energy industry, a manufacturing industry or other final consumer where the main activity is not heat production) is also considered a transformation activity. By including the heat sold by the autoproducer in the transformation sector, the heat will appear within the total heat supply and its consumption by final users recorded. The fuel used to produce the heat sold must also be included as input in the transformation category. 
If this practice were not adopted, then heat produced and sold by autoproducers would not appear in the balance with the consequence that the fuel consumption by the autoproducer would be overstated and the heat used by final consumers understated. See more information about the definitions, and treatment of autoproducers and main activity producers of heat, electricity and CHP in IRES Chapter 5, paragraphs 5.45 to5.48. 
Oil refineries: Crude oil and other oils needed by oil refineries for the manufacture of petroleum products are shown under this heading. Examples on how to treat backflows to refineries, and oil products used as feedstock and blendstock in refineries, are given in Appendix 4.
Blast furnaces: Blast furnaces produce blast furnace gas as a by-product when making pig iron from iron ore. It is sometimes difficult for reporting companies to distinguish between the amount of the coke oven coke that is transformed into blast furnace gas and the amount that should be considered part of final consumption in the iron and steel industry. While a blast furnace’s principal activity is the manufacture of pig iron, the importance of correctly measuring blast furnace gas production for both energy and GHG ends leads blast furnaces to be considered an energy industry for the purposes of energy statistics.
If a country knows the actual transformation efficiency, then it is good practice to use this specific efficiency for coke used in blast furnace gas production. However, often the amount of coke oven coke (or other) input needs to be calculated on the basis of the output, generally blast furnace gas,  by assuming a theoretical transformation efficiency. Efficiencies used vary between countries and organisations and this may lead to inconsistencies. For example, when 100 per cent efficiency is used, the estimated energy amount of all input to transformation will equal the output of transformation.  If 40 per cent efficiency is applied, a value which takes into account some considerations on carbon conservation, the input as measured in energy units becomes 1/0.4 = 2.5 times higher than the output. The chosen efficiency depends usually on traditions in the country. Which efficiency to use should be considered carefully, since the efficiency used affects the final consumption level. The estimated amount of coke used in blast furnace gas has to be deducted from final consumption of coke, and balances prepared by different institutions or organisations may not be comparable due to differences in efficiencies used.
Petrochemical plants refers to plants which convert hydrocarbon feedstock into organic chemicals, intermediate compounds and finished products such as plastics, fibres, solvents and surfactants. Feedstock used by the plant is usually obtained from the refinery and includes naphtha, ethane, propane and middle distillate oils (for example, gas oil). While not an energy industry, like blast furnaces the inputs and outputs are considered in the balance transformation block due to the petrochemical by-products often being used as energy products, either returning to a refinery or being combusted at the petrochemical plant for heat raising.
C.3.3. Energy industries own use
This represents energy industries’ own use of energy products for direct support of their operations, such as energy used for heating, lighting, compressors and cooling systems. Energy transformed to secondary energy products should not be included here.
C.3.4. Losses
Losses occur during the transmission, distribution and transport of fuels, heat and electricity. Transmission losses occur for instance for electricity and district heating and can be estimated from technical-based information. For electricity, losses are mainly dependent on the length of power lines, voltage of transmission and distribution and quality of network. In some countries, theft may be a large part of losses; this is sometimes called non-technical losses. Theoretically this should be noted in the meta data for transparency. For district heating, losses can also be estimated or calculated as the difference between measured energy delivered into the pipelines and the total energy measured by the consumers’ meters. 

Losses for fossil fuels can include quantities of oil products that have evaporated, or coal dust that has been lost in transit. The flow “losses” may also include small quantities of secondary gases that are flared by energy distributors or end consumers. It does not include flaring during extraction in oil/gas fields or on oil/gas terminals since these quantities should not be included in production in the commodity balance.
In general, losses should be compared to the magnitude of supply. For electricity, losses account for anywhere between 7-15% of electricity supply as a general rule; large transmission distances or significant electricity theft (non-technical losses) can result in larger losses. For heat, losses account for about 15%. 
C.4. Final consumption

This part of the balance is referred to as the “Bottom block in IRES”. 
C.4.1 Final consumption
Final consumption is the energy used directly for energy or non energy purposes, by households, industry, transport, etc. Energy used for non-energy purposes is presented as a separate sub group in the energy commodity balance. It is a part of final consumption, but not a part of final energy consumption. The sub-groups specified for final energy consumption have traditionally been the following: 

· Manufacturing, construction and non-fuel mining industries (broken down by main industries)

· Transport (broken down by road, rail, domestic aviation, domestic navigation, pipeline transport and transport not elsewhere specified)
· Other (broken down by household, commerce/public services, agriculture/forestry, fishing, and not elsewhere specified – including defence activities)

The groups in the commodity balance should, in principle, follow the most updated ISIC codes as laid out in IRES. However, there are some exceptions. The consumer group “Transport” does not represent energy used by transport industries, although most transport industries are also included in this group. Rather it includes fuels used for transport purposes regardless of the economic sector to which it is contributing. Examples include fuels used in private cars in households and vehicles used for transport in manufacturing industries. 
Oil products used in for instance fishing boats, tractors or military vehicles are however not considered as energy used in transport, because the purpose is fishing, agriculture and defence rather than transport. Furthermore, energy consumption by airports and other transport infrastructure should be recorded under commerce/public services rather than transport.
C.4.2 Non-energy use 

Energy used for non-energy purposes is for instance bitumen used in asphalt, lubricants in engines, LPG used in production of plastic or chemicals or petroleum coke used to produce carbon-anodes. This is not combusted and utilised as energy, but rather it broadly remains stored in the material produced. 

Non-energy use is a part of final consumption, but not a part of final energy consumption. Energy products used for non-energy purposes are placed in a separate category in the commodity and the energy balance, and are not included in the consumption of the sector where it was actually used. The split between energy and non-energy use is particularly important for CO2 emission calculations.
C.5 Statistical difference
In a commodity balance, the last row to be considered is that of statistical difference. It will represent the difference between data collected on supply and use. National statisticians should investigate large statistical differences in order to establish whether data may be wrong or incomplete. Unfortunately, it will not always be possible to correct the data and, in those cases, the statistical difference should not be changed but left to illustrate the size of the problem.

Deciding whether a statistical difference should be investigated with the reporting enterprise(s) is a matter of judgement. The percentage difference which one might consider acceptable will depend upon the magnitude of the supply of the energy product. For major supplies, like natural gas or electricity, efforts should be made to keep the statistical differences below 1% if possible. On the other hand, for a minor product like coal tar from coke ovens, a 10% error could be tolerated.
According to the IEA yearbook on energy balances, the statistical difference is lower than 1% for many countries, measured as a percentage of total supply (. However, the relative size of statistical differences depends on which flow in the balance it is compared with. If a country is a large energy producer and exports most of its production, the statistical difference could be much greater when measured as part of domestic supply than when measured as part of the production. 
Box 2: Norway’s check on statistical differences
An example is Norway, where energy production is about six times higher than domestic supply, since large quantities of oil and gas are exported. As a result, statistical differences are much higher when measured as part of supply than when measured as part of production. In some years, the statistical difference for natural gas in Norway has been about 1% of production, but represented up to 17% of total energy supply. This indicates that there is a problem between the supply and use data. A number of different reasons may be causing this misalignment. It may be that some of the use is not getting captured or that some of the consumption is being double counted. Alternatively, the production may incorrectly include some reinjected gas (this was the case in one year) or exports may have some quantities that are being attributed to a different reference period. A concerted effort should be made to try to reconcile supply and use. In the case of Norway, a closer examination of the statistical differences showed that one of the reasons for the difference were that certain oil/gas fields were missing from the Norwegian export figures.
It is also important to look at the trends in statistical difference for each product. If, for instance, the supply of an energy product is always higher than the consumption, this could indicate a systematic error that has to be investigated and corrected. If the statistical difference fluctuates around zero, it is more likely that it comes from random measuring or data reporting errors.
When the commodity balances are constructed, it may also show a statistical difference which is zero (a “closed” balance). This apparently ideal position should be regarded with suspicion as, in almost all situations, it indicates that some other statistic in the commodity balance has been estimated to close the balance. This usually occurs when the data come from a single reporter (for example a refinery or an iron and steel plant) who has all the data making up the commodity balance and is therefore able to adjust figures to close the balance. For information and an appreciation of the data problems encountered by the enterprise concerned, the statistician should discover what element(s) has (have) been estimated to balance the account, and encourage the data reporter to submit “true” data, even with numbers that do not completely agree.
C.6. Possible elements for reconciliation
A common problem when constructing commodity balances is that different figures for the same variable, but from different data sources, are not equal. It is important to determine which number is the most reliable. The method for reconciliation should be based on what is the most likely result, or what figures are judged to be of the best quality. These best figures should be retained, and the statistician could consider modifying data from the other source to fit logically into the commodity balance system.
Consumption by certain user groups may also need to be estimated as a residual. If information is available on total consumption of heating oil in the country, and the share that goes to manufacturing industries is also available, it may be appropriate to assume that the rest goes to services and households. Distribution keys, such as population, employees or production figures, can be used to distribute the figure further on industries, services or households, preferably combined with survey information on energy consumption per produced unit, energy per employee etc. by industry, because this can vary significantly among industries. 
For oil and gas producing countries, additional problems may arise if: 

· Offshore fields are on the border between the national and international continental shelf.
· Crude oil/condensate and NGL is transported through the same pipelines and broken down into the different products at terminals abroad.
· Inconsistencies occur in how production and exports are shared between domestic and foreign oil companies. 
· Inconsistence between production and import/export figures, for instance because the crude oil/NGL split is classified differently for production data and foreign trade statistics and data are based on different data sources.

· Foreign trade statistics doesn’t cover all oil exporting fields.

· The measuring point for oil and gas is different in external trade statistics and production statistics.
· Products are classified and reported differently by producers and importers.
C.7 Country examples

 Several countries, such as the UK and Azerbaijan present separate commodity balances for each energy product and with time series for each product. Table C.1. shows how the tables look like for wood and motor gasoline for Azerbaijan (on their website, time series with commodity balances are published separately for each product). For instance Norway (see table C.2), as well as IEA and Eurostat, prepares and publishes more complete commodity balances with all energy products gathered in the same balance, almost like in the energy balance. 
Table C.1 Commodity balances for three products; fuelwood,  motor gasoline and crude oil for Azerbaijan

	Energy commodity balance of Azerbaijan. 
	2011
	2011
	2011

	Energy product, unit
	Fuelwood 1000 tons
	Motor gasoline, 1000 tons
	Crude oil, Petajoule

	Production
	192,9
	1 295,5
	1 966,2

	Imports
	-
	1,0
	-

	Exports
	-
	-96,5
	-1 681,9

	International bunkers
	-
	-
	-

	    International marine bunkers
	-
	-
	-

	    International aviation bunkers
	-
	-
	-

	 Stock changes
	-0,5
	-25,7
	-2,6

	Total supply
	192,4
	1 174,3
	281,8

	Statistical difference
	-
	27,9
	6,3

	Transfers
	-
	-
	-

	Transformation input
	-
	-
	273,1

	Energy industries own use 
	-
	-
	0,4

	Losses
	-
	-
	2,0

	Final consumption
	192,4
	1 146,4
	-

	Final energy consumption 
	192,4
	1 146,4
	-

	Industry and construction 
	0,2
	-
	-

	   Iron and steel
	-
	-
	-

	   Chemical and petrochemical
	-
	-
	-

	   Non-ferrous metal
	-
	-
	-

	   Non-metallic minerals
	-
	-
	-

	   Transport equipment
	-
	-
	-

	   Machinery
	-
	-
	-

	   Mining and quarrying
	-
	-
	-

	   Food and tobacco
	0,1
	-
	-

	   Paper, pulp and printinging
	-
	-
	-

	   Wood and wood products
	-
	-
	-

	   Textile and leather
	-
	-
	-

	   Construction
	0,1
	-
	-

	   Non-specified
	
	-
	-

	Transport
	0,5
	1 134,3
	-

	   Road 
	-
	1 134,3
	-

	   Rail
	0,5
	-
	-

	   Domestic aviation
	-
	-
	-

	   Domestic navigation
	-
	-
	-

	   Pipeline transport
	-
	-
	-

	   Non-specified
	-
	-
	-

	Other fields of economy
	191,7
	12,1
	-

	   Agriculture, forestry and fishing 
	2,2
	  11,1
	-

	   Comm. and public services
	36,9
	-
	-

	   Households
	152,6
	1,0
	-

	   Not elsewhere-specified
	-
	-
	-

	Non-energy use
	-
	-
	-


Table C.2.  Aggregated energy commodity balance for Norway 2011. Preliminary figures.

	
	Coal
	Crude oil, NGL, condensate
	Oil

Products#1
	Natural

 Gas
	Other gases#2
	Biofuels and waste
	Electricity
	Heat

	Unit
	1000 tons
	1000 tons
	1000 tons
	Million 

Sm3
	1000 toe
	1000 toe
	GWh
	GWh

	Production
	 1 386
	94093
	15846
	105697
	 1 029
	 1 565
	 128 144
	 6 113

	Production of primary energy products
	 1 386
	94093
	
	105697
	-
	 1 565
	-
	-

	Production of secondary energy products
	
	
	15846
	
	1029
	
	128144
	6113

	From other sources
	-
	-
	-
	-
	-
	-
	-0
	-

	Imports
	1166
	1140
	3624
	1
	
	  161
	 11 255
	

	Exports
	1504
	78312
	9659
	99842
	
	  86
	 14 329
	

	Int. marine bunkers#3
	
	
	465
	
	
	
	
	

	Int. aviation bunkers
	
	
	413
	
	
	
	
	

	Stock change
	206
	-450
	-132
	
	
	
	
	

	Total energy supply
	1254
	16471
	9652
	6335
	 1 029
	 1 639
	 125 070
	 6 113

	Statistical difference
	147
	
	-69
	-49
	
	
	
	

	Transfers
	
	
	
	
	
	
	
	

	Transformation input
	120
	14460
	2426
	745
	  82
	  416
	  700
	  10

	     Elec/CHP/heat plants
	
	
	44
	745
	82
	416
	700
	10

	     Oil refineries / other
	
	14460
	2382
	
	
	
	
	

	Energy industries own use#6
	
	
	234
	4145
	  560
	
	 8 679
	  884

	Losses
	
	
	
	15
	  77
	
	 10 292
	 1 316

	Final consumption
	986
	841
	6211
	999
	  311
	 1 223
	 105 400
	 3 903

	Final energy consumption
	909
	
	6211
	408
	  311
	 1 223
	 105 400
	 3 903

	Manufacturing, mining and quarrying
	  909
	
	  567
	282
	  299
	  466
	 42 831
	  392

	Manufacture of industrial chemicals
	  905
	
	  119
	  103
	  276
	  21
	 7 324
	  133

	Production of metals
	  295
	
	  35
	  86
	  16
	  3
	 23 777
	  10

	Manufacture of paper and paper products
	  481
	
	  80
	  2
	  3
	  315
	 4 362
	  0

	Mining and quarrying and other industries
	-
	
	  333
	  91
	  5
	  126
	 7 368
	  249

	Transport
	  129
	
	 4 470
	  75
	  0
	  107
	  684
	-

	Other sectors#4
	-
	
	 1 173
	  51
	  11
	  650
	 61 885
	 3 510

	Non-energy use#5
	  4
	841
	
	  591
	-
	-
	-
	-


#1 Including waste oil, paint and varnish

#2 Including blast furnace gas, methane, refinery gas and fuel gas.

#3 Deliveries in Norwegian harbours to ships in foreign trade irrespective of the ship’s nationality
#4 Households, private and public services, construction, agriculture, fishing and defence

#5 A high share of the coal and coke is used for non-energy purposes / reductants, but this is considered as energy consumption because these industry processes generates heat/gases that might be utilised for energy purposes.

#6 In addition, 479 mill. Sm3 natural gas was flared off on oil fields and terminals (not included here).


D. Compilation of energy balances

As mentioned earlier, an energy balance is an accounting framework for the compilation and reconciliation of data on all energy entering, exiting and used within the national territory of a given country during a reference period. The energy balance expresses all forms of energy in a common accounting unit, such as joule, tonne of oil equivalent or GWh, and shows the relationship between the inputs and the outputs from the energy transformation industries. 
The benefit of the energy balance is that all data are in the same unit, which makes it possible to compare different energy products with each other, and to calculate total energy figures. This also enables the possibility of measuring energy trends on the macro level. Exact figures for changes in total annual energy consumption or production, which are of great importance for among others energy analysts and politicians in the country, are calculated in an energy balance. Furthermore, as mentioned previously energy balances provide input to basic energy indicators such as energy independence, energy efficiency or energy intensity.
Diagram 2. Flows in the energy balance
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Diagram 2 shows the flows of energy within an energy balance. As mentioned earlier in this chapter, one of the major differences from the commodity balance is that the outputs of the transformation process appear in the middle block as positive figures while transformation inputs are negative figures. A large proportion of primary energy is usually transformed to secondary products such as gasoline, electricity etc. which makes it more suitable for different purposes, but some primary energy is also used directly as final consumption. This is the case for coal which is used directly in some manufacturing industries, or for heating purposes. Fuelwood is also used for heat raising without any transformation. Furthermore, secondary energy products are not always used in final consumption, but can be exported or used in energy producing industries for further transformation.
D.1 Level of Detail
In Section B the level of aggregation was discussed in terms of data collection. The same considerations need to be made for the level of aggregation in the published energy balance. While an extended balance with individual products can be made available online, attention is often drawn to a country’s aggregated energy balance that should fit on one or two pages.
In the aggregated form, a country should strive to show separately each major part of its energy supply. Dedicating a whole column to manufactured gases would make sense for a country with a large iron and steel industry for example, while a country using large quantities of biomass may want to give a specific form of biomass, for example bagasse or coconut husks, its own column. On the contrary, a country with no nuclear or hydro production would not want to “waste” a column of the balance on either of these. In general, and subject to the energy supply specifics of each country, an energy balance may want to include a column for coal (possibly split between primary and secondary products, and possibly including peat), primary oil and secondary oil (possibly combined if primary oil is not large), natural gas, biofuels and waste, electricity and heat. While primary electricity and heat (such as nuclear heat or hydroelectricity) can be accounted for directly in the figures for electricity and heat production, it is often the case that these are given their own columns, with transformation or transfers into the electricity and heat columns, in order to explicitly show them (rather than in an aggregate)
D.2. Calculating an energy balance
When calculating an energy balance, there are certain principles that should be adhered to and some presentational aspects that need to be decided. To help the reader to see the different aspects under discussion, practical examples have been included throughout the chapter. 
First, an energy balance requires the use of a common unit to sum together the contributions of the various different products, collected in different physical units. The common unit needs to be an energy unit, such as Joule, tonne of oil equivalent (toe), GWh, etc. Therefore, it is necessary to start with the commodity balances and convert them to a joint energy unit by using calorific values for each energy product. Calorific values represent the amount of energy per unit of mass or volume of a given product. This could be done in an excel sheet, where the complete commodity balance and  calorific values (see paragraph D.3) for the product are included in separate sheets. The commodity balance can then be converted to an energy balance automatically by multiplying the figures in the commodity balance with the calorific values for each energy product and at the same time make the necessary adjustments in layout. The layout adjustments imply changes in the transformation category. In particular,  secondary energy production is represented as positive numbers in the transformation and not any longer in the top row of the balance to avoid double counting, as the corresponding primary energy is already included under production. The energy input remains in the transformation category, but as negative figures. The advantage of such representation is that the sum of the input and output will represent the losses of the transformation process.
Furthermore, the primary energy form of electricity and heat produced from non-combustible sources, such as nuclear, hydro and wind, has to be calculated. This is explained in paragraph D.4 and D.5.   

The energy balance could also be compiled in a more advanced database, where basic energy statistics are prepared, adjusted and inserted in automatic generated balances tables. A database solution has some advantages. It may for instance be easier to extract long time series, but it may be technically more challenging to build such a database. 

Using a few selected flows of the commodity and energy balance, Diagram 3 below provides a simple example of how a commodity balance in thousand metric tons (kt) can be converted into an energy balance in Terajoules (TJ).
Diagram 3. Illustration of calculating an energy balance from a commodity balance
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In Diagram 3 we see how crude oil and motor gasoline are presented in both the commodity balance format and the energy balance format. Under the commodity balance, we see that production includes both the primary production of crude oil and the secondary production of motor gasoline (i.e. the refinery output), so that any total production figure (or indeed a total supply figure) calculated from a commodity balance will lead to double counting. On the contrary the energy balance only accounts for the primary production. Then in the supply line, because in this example the country exports most of their secondary production, we actually see a negative supply of motor gasoline (which means summing all products’ energy supply will not double count anything). Finally in the oil refinery line of the commodity balance there are the refinery inputs, but no outputs, thus an input output check is not possible, like it is in the energy balance (although in the above example we do not see the other refinery outputs such as diesel and fuel oil). 
D.3. Calorific values
When energy data are collected, they are usually reported in physical units for fossil fuels, such as tonnes for oil and coal, million cubic metres or terajoules (on a gross basis) for natural gas, and tonnes or cubic metres for biofuels. To convert this to energy units, the number in physical units is multiplied with the theoretical energy content in the fuels, which can be on a gross or net basis. In Chapter 4 of IRES, it is recommended that energy balances are presented on a net calorific value (NCV) basis. This is the amount of heat that is actually available from the combustion process in practice for capture and use. This is in contrast to the gross calorific value (GCV), which includes latent heat that is locked up in the evaporation of water present in the fuel before combustion.  The net calorific value is recommended because when measuring energy products against each other, interest lies in comparing the useful energy of each source.
When reporting natural gas data in energy units such as petajoule (PJ), oil and gas companies often use the gross calorific value (by convention). The difference between gross and net calorific values for natural gas is about 10%, which means that natural gas measured in GCV can be converted to NCV by multiplying by 0.9. Similarly, the difference between NCVs and GCVs for coal and oil is typically 5%. Having said that, for coke oven coke, which has a higher CV than primary coals, the difference between GCVs and NCVs is probably closer to 1-2%. See table 4 Annex B in IRES for the difference between gross and net calorific values for various energy products.

The calorific values in different energy products vary between countries, in time, and in some cases, by flow. For example, the calorific value of nationally produced crude oil may differ greatly from that of imported crude; The calorific value of imports may change in time depending on the origin; or, for bituminous coal, the calorific value of the amounts used for electricity production will be generally very different from that of the amounts used within industry.  It is recommended that country-specific (and in some cases flow-specific) calorific values are used if they are available. In the event that the actual values in the country are missing, and no regional-specific value is available either the default calorific values as presented in Table 4.1 in IRES may be used. Uncertainties in calorific values will impact the quality of the energy balance, and of derived indicators, such as for example the estimates of CO2 emissions.
D.4. Choice of the primary energy form
Electricity and heat, which are part of SIEC in Chapter 3 of IRES, can be produced by numerous sources other than thermal combustion. For example, electricity can derive from wind energy, hydro energy, wave energy, tidal energy, other marine energy, geothermal energy and nuclear energy; heat can derive from geothermal energy, nuclear energy and solar thermal energy. 

For each of these non-combustion sources, there is a need to define the form of primary energy to be considered. For example, in the case of hydro energy, a choice must be made between the kinetic energy of falling water (or even the potential energy of the water before this) and the electricity produced. For nuclear energy, the choice is between the energy content of the nuclear fuel, the heat generated in the reactors and the electricity produced. For photovoltaic electricity, the choice is between the solar radiation received and the electricity produced.
The principle adopted by IRES is that the primary energy form should be the first energy form downstream in the production process for which multiple energy uses are practical. The application of this principle leads to the choice of the following primary energy forms:

· Heat for nuclear, geothermal and solar thermal;

· Electricity for hydro, wind, tide, wave and other marine, and solar photovoltaic.
D.5. Calculation of the primary energy equivalent
There are essentially two methods that can be used to calculate the primary energy equivalent of nuclear, hydro, geothermal, solar etc.: the partial substitution method and the physical energy content method. The principle now adopted by most countries and international organisations is the “physical energy content” method in which the physical energy value of the primary energy form is used for the production figure. Generally energy balances only record the physical energy content of the source (ie electricity produced in the case of wind, hydro etc.)
The partial substitution method is usually used to compare how much conventional fossil energy is displaced by the use of renewable energy such as wind or hydro. The physical energy content method is the method described below. Further information on the differences between these two methods can be found in Appendix 1.

Nuclear heat production: Estimation of the heat content of the steam generation from the nuclear plant reactors is used only if actual values are not available. However, many countries do not have this information. As a result, the primary heat production has to be imputed. The IEA imputes the primary heat production value for nuclear plants from the gross electricity generation using a thermal efficiency of 33%. Where some of the steam direct from the reactor is used for purposes other than electricity generation, the estimated primary production value must be adjusted to include it, and indicate where it is used so as the supply and use will balance. As the primary energy form is the heat produced, then this implies that nuclear heat generated will have an efficiency of 100% (similar to hydroelectricity) in the physical energy content method. If countries have estimates of the primary heat production, then these should be used in the energy balance, as newer stations will generally have higher efficiencies than older ones.  In the United Kingdom, estimates are produced by the operators of the steam generation. These are published annually in the Digest of UK Energy Statistics. 

The principle of using the steam from nuclear reactors as the primary energy form for the energy statistics has an important effect on any indicator of energy supply dependence. Under the present convention, the primary nuclear heat appears as an indigenous resource. However, the majority of countries which use nuclear power import their nuclear fuel and if this fact could be taken into account, it would lead to an increase in the countries’ supply dependence on other countries.
Geothermal heat production: Primary heat from geothermal sources is also used in geothermal power plants and a similar back-calculation of the heat supply is used where the quantities of steam supplied to the plant are not measured. In this case, if country-specific information is not available, the default thermal efficiency used by the IEA is 10% for geothermal electricity and 50% for geothermal heat that is distributed by heat plants. The figure is only approximate and reflects the generally lower-quality steam available from geothermal sources. It should be stressed that if data for the steam input to geothermal power plants are available, they should be used in determining geothermal heat production. 
Solar thermal heat production: Solar thermal energy is treated similarly to geothermal energy in that it can also be used both to produce electricity and used directly as heat. If it is used to produce electricity and the quantities of steam supplied to the plant are not measured, then the IEA, by default, assumes a 33% thermal efficiency. Heat that is distributed by heat plants is accounted for assuming an efficiency of 100%.
Solar PV, hydro, wind, wave, etc. energies: For hydro, wind, wave etc. electricity is the primary energy form. The primary energy is calculated as the physical energy content of the electricity generated by these energy sources, which implies that input equals the output.  
Box 3: Past and current practices of Norway

In the past, some countries assumed that some of the potential hydro energy is lost in production, and estimated hydro energy as higher than the actual electricity production. Norway assumed earlier that 15 per cent of the hydro energy was lost. However, this practice was changed according to new international recommendations, and because the estimated losses are very uncertain. It was also determined that it would not be practical to define falling water and wind not utilised for energy purposes as practical use of energy.
Within an energy balance, before hydro energy is calculated, the electricity from pumped storage has to be deducted, as shown in Diagram 4. 

It should be noted that these back calculations for the primary energy equivalent are only necessary if the balance structure identifies these non-combusted power sources in their own columns. In the UNSD energy balance, these quantities are shown under primary electricity and primary heat, and while this means for example that hydro or nuclear are not specifically identifiable, no further methodological assumptions are necessary.
D.6. Hydro pumped storage plants, Backflows to refineries, and Oil used as feedstock and blendstock in refineries
In addition to the calculations and adjustments which have already been mentioned in the previous sections, there are a few additional adjustments and issues of concern which are highlighted below.
Hydro pumped storage plants: Hydroelectricity may also be produced from water flow taken from special reservoirs filled by pumping water from a river or lake at lower levels. At pumped storage plants, electricity (taken from the national grid) is used during periods of low demand (usually at night) to pump water into reservoirs for release during times of peak electricity demand when the marginal cost of electricity generation is higher. Less electricity is produced than is used to pump the water to the higher reservoir. However, the procedure is economical when the costs avoided by not using less efficient thermal power stations to generate a similar amount of electricity exceed the cost of the pumped storage procedure. While “regular” hydroelectricity is normally considered renewable energy, the same cannot necessarily be said for pumped hydro where the original energy comes from various sources, often fossil fuels.
As the electricity required to pump water is generated by using energy products recorded in indigenous production or imports elsewhere in the energy balance, any inclusion of pumped storage generation with natural flow hydroelectricity would double count the energy content of the pumped storage generation in “Total energy supply”. As a result, the pumped storage generation is usually treated differently in energy balances than in commodity balances. In the commodity balance, total electricity including pumped hydro is normally shown, as interest lies in gross generation. The pumped storage figure is normally shown as a memo item of production, and the value under pumped storage plants in energy industries own use will represent all the electricity taken from the grid to pump the water.  
In the energy balance, however, including the generation from pumped storage will double count electricity production, overstate energy industries own use and could also affect calculation of the proportion of renewables in the country. Therefore, energy balances exclude electricity production from pumped storage from the production figures (which is possible if recorded in the basic energy statistics as a memo item) and the energy industries own use value will represent the energy lost through pumping. 

Please see Diagram 4 for a simple illustration on how adjustments are made in the energy balances. As shown below in the diagram, in an energy balance, the figures for electricity production from pumped hydro are removed from the figures for total production, production from hydro, and own use in pump-storage plants. 
Diagram 4. Adjusting for electricity generation from pump-storage plants in an energy balance
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Backflows to refineries: These are flows from the petrochemical industry back to refineries. In energy balances they can be treated as interproduct transfers from various products (e.g. from naphtha or gas/diesel oil) to feedstocks, which then are transformation inputs into refineries. In Eurostat balances there is a separate row for these backflows to differentiate them from "normal" interproduct transfers; the backflows of the products from the petrochemical industry are shown as negative numbers in this row, while for feedstocks the numbers are positive. 
Oil used as feedstock and blendstock in refineries: Oil can be used as feedstock and blendstock in refineries. Feedstock is the oil that the refineries heat and fractionate, while blendstock is a cold material that is added to get the right specifications of the product. LPG is for instance used in the blending of gasoline. Some countries consider both refinery feedstock and blendstock as “refinery input” in the transformation flow in their balance. However, some organizations, like IEA, do not include blendstock as input in refineries in the transformation category; the use of blendstock is instead deducted from the figures for refinery output. In this case, it is only refinery feedstock that is included in transformation inputs in refineries.
D.7. Example of an energy balance
As discussed above, various countries and organisations have slightly different formats for their commodity balances and their energy balances. However, the general principles remain the same. Table D.2 presents an aggregated energy balance for Austria in the format recommended by IRES. In addition, some of the underlying more disaggregated calculations that were made to produce the Austrian energy balance are given to illustrate some of the concepts presented above.
In this example, production of crude oil and NGL is 43 PJ and is shown in the production row of crude oil. Table D.3 shows the calculation underlying this number. The crude oil and NGL are converted separately from kt to PJ using product-specific NCVs. The total primary energy (42.97 PJ) can be seen at the bottom of the table.
The inputs of crude oil into refineries (343 PJ) figures as a negative number in the oil refineries row of Table D.2. 

The production of secondary oil products are 340 PJ and can be seen as output (a positive number) in the oil refineries row of Table D.2. Again, the underlying calculation of the secondary products can be seen in Table D.3.
The difference between inputs of crude oil and the output of secondary oil products represents the transformation losses (-3 PJ), which can be seen in the total column in the oil refineries row of Table D.2. Losses of up to about 1% as in this case can be reasonable. If losses are significantly larger, there may be problems in data, either in physical units, or in the calorific values used to convert, as discussed later.
In this example, the primary energy equivalent of hydro is 138 PJ and for geothermal/solar/‌wind/‌etc. it is 9 PJ. These two numbers can be seen as negative numbers in the electricity/CHP/heat plants row in Table D.2. The underlying calculations for these two numbers can be found in Table D.4.

Table D.5 provides another example of an energy balance for Canada. As seen in the example, although some countries may appear different in terms of presentation, the general frame of the energy balance remains consistent. 
Table D.1 Aggregated energy balance for Azerbaijan, 2011 Thousand toe
	Unit: PJ
	Total all products 
	Crude oil
	Petroleum products, total
	Natural gas 
	Rene-wables
	Heat
	 Electricity
	Other fuel products

	Primary production
	62 541,5
	46 949,4
	-
	15 265,2
	326,9
	-
	-
	-

	Imports
	45,3
	-
	26,5
	-
	-
	-
	11,0
	7,8

	Exports
	-48 783,5
	-40 160,5
	-2 193,2
	-6 360,6
	-
	-
	-69,2
	-

	International bunkers
	-517,2
	-
	-517,2
	-
	-
	-
	-
	-

	
Int. marine bunkers
	-79,2
	-
	-79,2
	-
	-
	-
	-
	-

	
Int. aviation bunkers
	-438,0
	-
	-438,0
	-
	-
	-
	-
	-

	Stock change
	308,8
	-60,9
	23,5
	345,1
	-0,2
	-
	-
	1,3

	Total energy supply
	13 594,9
	6 728,0
	-2 660,4
	9 249,7
	326,7
	-
	-58,2
	9,1

	Statistical difference
	257,2
	150,7
	72,2
	23,1
	-
	-
	11,2
	-

	Transfers
	-
	-
	-
	-
	-
	-
	-
	-

	Transformation processes
	-3 160,0
	-6 521,0
	6 177,5
	-4 439,7
	-230,1
	109,4
	1 745,3
	-1,4

	Electricity plants
	-1 623,2
	-
	-4,7
	-2 529,6
	-230,1
	-
	1 141,2
	-

	CHP plants
	-1 219,7
	-
	-81,4
	-1 774,4
	-
	32,0
	604,1
	-

	Heat plants
	-47,2
	-
	-1,3
	-123,3
	-
	77,4
	-
	-

	Gas works
	54,0
	-
	66,4
	-12,4
	-
	-
	-
	-

	Blast furnaces
	-1,4
	-
	-
	-
	-
	-
	-
	-1,4

	Oil refineries
	-349,0
	-6 521,0
	6 172,0
	-
	-
	-
	-
	-

	Petrochemical plants
	26,5
	-
	26,5
	-
	-
	-
	-
	-

	Other transformation processes
	-
	-
	-
	-
	-
	-
	-
	-

	Energy industries own use 
	1 033,1
	8,6
	429,0
	380,1
	-
	22,1
	193,3
	-

	Losses
	1 235,9
	47,7
	-
	832,7
	-
	13,8
	341,7
	-

	Final consumption
	7 908,7
	-
	3 015,9
	3 574,1
	96,6
	73,5
	1 140,9
	7,7

	Final energy consumption 
	7 290,4
	-
	2 430,1
	3 545,7
	96,6
	73,5
	1 140,9
	3,6

	Industry and construction 
	949,0
	-
	87,2
	691,2
	0,2
	0,3
	170,1
	-

	Transport
	1 984,7
	-
	1 934,0
	-
	0,2
	-
	46,9
	3,6

	Road 
	1 789,3
	-
	1 789,3
	-
	-
	-
	-
	-

	Rail
	44,2
	-
	2,8
	-
	0,2
	-
	37,6
	3,6

	Domestic aviation
	106,5
	-
	106,5
	-
	-
	-
	-
	-

	Domestic navigation
	35,3
	-
	35,3
	-
	-
	-
	-
	-

	Pipeline transport
	9,4
	-
	0,1
	-
	-
	-
	9,3
	-

	Non-specified
	-
	-
	-
	-
	-
	-
	-
	-

	Other fields of economy
	4 356,7
	-
	408,9
	2 854,5
	96,2
	73,2
	923,9
	-

	Agriculture, forestry and fishing 
	428,0
	-
	337,2
	26,1
	1,1
	-
	63,6
	-

	Commerce and public services
	519,5
	-
	9,2
	116,2
	18,5
	24,1
	351,5
	-

	Households
	3 409,2
	-
	62,5
	2 712,2
	76,6
	49,1
	508,8
	-

	Not elsewhere-specified
	-
	-
	 
	-
	-
	-
	-
	-

	Non-energy use
	618,3
	-
	585,8
	28,4
	-
	-
	-
	4,1


Table D.2 Aggregated energy balance for Austria, 2010 (supplied by the IEA following the recommendations in IRES)
	Unit: PJ
	Coal and peat
	Crude oil
	Oil

prod.
	Nat. gas
	Nuc- lear
	Hydro
	Geoth., solar, wind, etc.
	Biofuels and waste
	Electricity
	Heat
	Total

	Primary production
	0
	43
	0
	62
	0
	138
	16
	233
	0
	0
	492

	Imports
	126
	298
	280
	427
	0
	0
	0
	38
	72
	0
	1241

	Exports
	-1
	-2
	-91
	-171
	0
	0
	0
	-18
	-63
	0
	-346

	International bunkers
	0
	0
	-28
	0
	0
	0
	0
	0
	0
	0
	-28

	
Int. marine bunkers
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
Int. aviation bunkers
	0
	0
	-28
	0
	0
	0
	0
	0
	0
	0
	-28

	Stock change
	17
	4
	10
	26
	0
	0
	0
	0
	0
	0
	57

	Total energy supply
	142
	343
	171
	344
	0
	138
	16
	253
	9
	0
	1416

	Statistical difference
	-1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	-1

	Transfers
	0
	-1
	1
	0
	0
	0
	0
	0
	0
	0
	0

	Transformation processes
	-93
	-343
	314
	-119
	0
	-138
	-9
	-86
	245
	79
	-150

	     Elec/CHP/heat plants
	-59
	0
	-18
	-119
	0
	-138
	-9
	-86
	245
	79
	-106

	     Oil refineries
	0
	-343
	340
	
	
	
	
	
	
	
	-3

	Energy industries own use
	-27
	0
	-23
	-19
	0
	0
	0
	0
	-20
	0
	-89

	Losses
	-1
	0
	0
	0
	0
	0
	0
	0
	-12
	-6
	-19

	Final consumption
	21
	0
	464
	206
	0
	0
	7
	166
	221
	73
	1158

	Final energy consumption
	20
	0
	405
	190
	0
	0
	7
	166
	221
	73
	1082

	Manufacturing, const. and non-fuel mining industries
	18
	0
	27
	101
	0
	0
	0
	63
	96
	11
	316

	
Iron and steel
	10
	0
	0
	14
	0
	0
	0
	1
	13
	1
	39

	
Chemical and petrochemical
	1
	0
	1
	14
	0
	0
	0
	7
	14
	3
	40

	
Other industries
	7
	0
	26
	73
	0
	0
	0
	55
	69
	7
	237

	Transport
	0
	0
	298
	6
	0
	0
	0
	20
	12
	0
	336

	
Road
	0
	0
	294
	0
	0
	0
	0
	20
	0
	0
	314

	
Rail
	0
	0
	3
	0
	0
	0
	0
	0
	6
	0
	9

	
Dom. aviation
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1

	
Dom. navigation
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
Other transport
	0
	0
	0
	6
	0
	0
	0
	0
	6
	0
	12

	Other
	2
	0
	80
	83
	0
	0
	7
	83
	113
	62
	430

	
Agriculture/forestry/
fishing
	0
	0
	10
	1
	0
	0
	0
	10
	3
	0
	24

	
Households
	2
	0
	58
	56
	0
	0
	4
	71
	65
	33
	289

	Non-energy use
	1
	0
	59
	16
	0
	0
	0
	0
	0
	0
	76


Table D.3 Production of primary and secondary products (calculation used for Table D.1 and the calorific values are specific to Austria)

	Production
	quantity
(kt)
	Net calorific value kJ/kg
	Equation
	Primary products (PJ)
	Secondary products (PJ)

	Crude oil
	877
	42500
	=877*.0425
	37.27
	

	NGL
	134
	42500
	=134*0.0425
	5.70
	

	Refinery gas
	392
	49500
	=392*0.0495
	
	19.40

	Ethane
	0
	49500
	=0*.0495
	
	0.00

	LPG
	87
	46000
	=87*0.046
	
	4.00

	Motor gasoline
	1353
	44000
	=1353*0.044
	
	59.53

	Kerosene-type jet fuel
	476
	43000
	=476*0.043
	
	20.47

	Kerosene
	14
	43000
	=14*0.043
	
	0.60

	Gas/diesel oil
	3274
	42600
	=3274*0.0426
	
	139.47

	Fuel oil
	699
	40000
	=699*0.04
	
	27.96

	Naphtha
	892
	44000
	=892*0.044
	
	39.25

	White spirit
	70
	43600
	=70*0.0436
	
	3.05

	Lubricants
	96
	42000
	=96*0.042
	
	4.03

	Bitumen
	292
	39000
	=292*0.039
	
	11.39

	Paraffin waxes
	0
	40000
	=0*.04
	
	0.00

	Petroleum coke
	62
	32000
	=62*0.032
	
	1.98

	Non-specified oil products
	231
	40000
	=231*0.04
	
	9.24

	Total
	
	
	
	42.97
	340.38


Table D.4 Calculation of primary energy using the physical energy content method (calculation factors are specific to Austria)
	Non-combusted products
	Electricity output (GWh)
	Equation
	Primary energy equivalent in PJ

	Nuclear
	0
	=(0*.0036)/0.33
	0

	Hydro
	41596
	=(41596-3190)*0.0036
	138.26

	 (of which pumped storage)
	3190
	
	not included in energy balance

	Solar PV
	89
	=89*0.0036
	0.32

	Wind
	2064
	=2064*0.0036
	7.43

	Geothermal
	1
	=(1*0.0036)/0.1
	0.04

	Solar thermal
	0
	=(0*0.0036)
	0

	Non-combusted products
	Heat output (TJ)
	Equation
	Primary energy equivalent in PJ

	Geothermal 
	538
	=(538/1000)/0.5
	1.08

	Solar thermal
	0
	=(0/1000)/0.33
	0


Table D.5 Energy balance for Canada, 2011 
[image: image6.emf]
D.8. Checking the energy balance
The energy balance can be used to provide additional checks on the data quality of the commodity balances, as well as to allow expert estimation of missing data in some instances.

Transformation losses provide an extremely useful check on the accuracy of the energy balance. Should the losses be too high or too low (or positive) this may highlight problems in either the basic energy data from the commodity balance or in the conversion equivalents (mainly the calorific values) used to prepare the energy balance. Box 4 below provides an example of transformation gains in Norway and how the data can be fixed in such instances.
Box 4: Transformation gains in Norway
For example, for oil refineries, small losses of about 0.5% are acceptable. If the figure is larger or is positive (a transformation gain), then data should be checked. In Norway the calorific values for crude oil and oil products are somewhat uncertain. They are based on historical values and not checked regularly (which often is the case with many countries). This sometimes leads to refinery gains on a heat content basis, despite a correct balance on a mass basis. If the data compiler judges that the calorific value of the oil products is more reliable than the corresponding value for crude oil, one solution is to estimate the average calorific value of the crude oil based on the output of oil products (after applying the individual calorific values to products). 

For other transformation processes, losses are much larger as the processes are inherently inefficient. The following ranges for transformation losses by process are given as an indication. However, not all countries will fall within these ranges. 

Table D.6. Efficiency in different transformation processes (except electricity and heat generation).
	Transformation process
	Typical plant efficiency

	Coke ovens
	80-95%

	Patent fuel plants
	95-100%


	Brown coal briquette plants
	80-95%

	Coal liquefaction plants
	10-85%

	Gas works (and other conversion to gases)
	60-90%

	Blast furnaces
	≈ 40%

	Peat briquette plants
	40-100%

	Natural gas blending plants
	80-95%

	Gas to liquid (GTL) plants
	40-55%

	Oil refineries
	98-99.5%

	Petrochemical plants
	90-98%

	Charcoal plants
	25-50%


Statistical difference by product is another useful check for the energy balance. While the statistical difference should be checked at the commodity balance level, an energy balance can provide further insights. For a given product, e.g. lignite, a country may be using flow-dependent calorific values since the quality of lignite going to electricity production may not be the same as the quality of lignite used in industry. Similarly, for supply, domestically-produced lignite may not have the same calorific value as imported lignite. For exporting countries, only higher-end lignite may be exported. For any given product, if the statistical difference in the energy balance represents a much higher percentage of supply than it did in the commodity balance, then this indicates a problem in the calorific values.

Generation efficiencies are another excellent way of using energy balances to reconcile inputs to and outputs from each transformation activity (as discussed above), but particularly those of electricity and heat generation. Inputs and outputs for each product should be compared and any anomalies investigated. For electricity plants and heat plants this is fairly straightforward. For CHP plants, the inputs to the plant should be compared to the sum of electricity and heat that are produced, bearing in mind that the efficiency will often vary depending on the proportion of the output that is electricity or heat. Again, not all countries will show efficiencies within the ranges of the typical efficiencies presented below in table D.7.

Table D.7 Efficiency in transformation in thermal power plants and heat generation

	Generation process
	Typical plant efficiency

	Electricity plants
	

	
Coal
	32-40%

	
Oil
	35-40%

	
Natural gas
	35-60%

	CHP plants
	

	
Coal
	50-75%

	
Oil
	50-75%

	
Natural gas
	60-90%

	Heat plants
	

	
Coal
	

	
Oil
	

	
Natural gas
	


D.9. Presentational issues in commodity balances and energy balances
Energy balances may differ slightly in their treatment of some minor aspects, three of which merit explanation here. 

Sign Conventions: On a purely presentational point, energy balances can appear different because of how the sign of certain flows such as exports, bunkers and stock changes are treated. This varies across organisations and countries, but IRES clearly states that stock changes are are calculated as closing stocks minus opening stocks, and exports and bunkers are subtracted to obtain total energy supply (therefore the sign for exports and bunkers should always be positive).
Treatment of primary electricity and heat: Each organisation's balance must relate the figures from the column for the primary electricity produced (for example hydro) to those of the electricity column of the balance so that its disposal, together with all other electricity, can be accounted for according to the sectors of consumption. Once primary electricity enters a national transmission system, it becomes indistinguishable from electricity produced from all other sources. 
The IEA energy balance presents primary electricity as a separate column and then enters these figures into the transformation matrix as an input with a negative sign, and an identical amount is included in the transformation output of the Electricity column. Eurostat uses the transfer row to make the same relation. This distinction is unnecessary in UNSD balances where these quantities first appear under the production of electricity.
Inclusion of the primary energy form in the energy commodity balance

Some organizations, such as Eurostat, include the primary form of electricity and heat (such as nuclear and hydro as described in section D4), also in their commodity balance. The advantage is that there is no reformatting when compiling the energy balance. On the other hand, the primary form of electricity and heat could not directly be defined as energy commodities, and in this sense, it doesn’t belong here.
E. Country-specific examples
To further demonstrate the different aspects under discussion, practical examples from some countries have been included in this section. Various countries and organisations have slightly different formats for their commodity and energy balances. However, the general principles remain the same. 
A short description of the practices used by Norway and Austria to compile and calculate their energy balances are added below. In addition, Table E.1 presents the format used by the United Kingdom to present their quarterly energy balance. A full balance with an expected number of rows for energy industries own use and with a greater sector breakdown is published annually. More comprehensive country practices are available on the UN’s website: at http://unstats.un.org/unsd/energy/template/responses_t.htm
E.1. Statistics Norway’s energy balance
Statistics Norway publishes the first preliminary annual balances (both commodity balances and an energy balance) about four months after the reference year. The statistics used for these preliminary figures are among other things monthly statistics from the previous year, for production and use of electricity, annual figures from the Norwegian Petroleum Directorate for crude oil and natural gas, imports and exports from foreign trade statistics, monthly sale of petroleum products, energy used for non-energy purposes in manufacturing industries, monthly refinery statistics, and some preliminary figures for energy consumption in some manufacturing industries.
Consumption statistics, e.g. in households and in different industrial groups, are often gathered through surveys. It takes time to obtain these figures, so the preliminary balances are often limited in the level of detail of the consumption data.

There may be a delay of up to 18 months or more after the reference year before all the relevant information from surveys is available. Depending on the structure of the publication plan, revised preliminary figures could therefore be published when new information is available. For Statistics Norway, new information, on among other things, district heating and preliminary results for the annual survey on energy use in manufacturing is available and is published in a revised preliminary balance in the autumn. For the final balance, published in late autumn nearly two years after the reference year, final results from the manufacturing survey and from the yearly electricity statistics are also used. The electricity statistics gives information on the use of electricity in services and other groups, and is important for the figures of final energy consumption by industrial group. Table C.2 in Section C shows an aggregated commodity balance for Norway. In the autumn, Norway publishes energy balances, commodity balances, energy accounts, and long time series for energy use. Statistics Norway has a system where energy balances, commodity balances and energy accounts are compiled simultaneously in the same compilation system on the basis of more or less the same input data.
E.2. Statistics Austria’s energy balance
The data required to prepare the energy balances comes from varied sources with different survey aims and therefore have unavoidable inconsistencies
Data preparation
Data preparation consists of comparing and, if necessary, correcting the various data sources. In addition, there are parallel surveys of exports with, in some cases, contradictory results (e.g. foreign trade statistics collected by Statistics Austria in accordance with the Federal Statistics Act and the survey by the Federal Ministry of Economics, Family and Youth in accordance with the Oil Stockholding Act (FORM III)). In other areas, gaps in the data, which would require enormous time and effort to fill (if at all possible), necessitate qualified estimates. The resolution of such contradictions and/or the selection of a particular source necessitate the use of internal or external expertise that corresponds to the particular requirements.

Since the data situation varies greatly between different energy sources and balance items, there is no uniform procedure. Instead, the procedures specific to each energy source are documented in detail in the description of energy sources (see fuel definitions) and balance items. Some of the data sources are: Material input statistics, Short term statistics; Electricity and natural gas surveys, Household energy consumption survey, Surveys on energy consumption in the service sector and in small and medium sized industries, Inta- and Extrastat, Biomass lighted heating plants, Form III.
Publication
The energy balances are currently published solely on the Internet on the Statistics Austria website – Energy. The detailed Austrian Energy Balances are available for download for the whole time series. The regional balances are available as synoptic tables only. They are prepared for each calendar year at regional (Laender) and national level (total of all Laender). The single balances are released as a time series from 1970 to 2009 for Austria and from 1988 to 2009 for the Laender. The publications currently include 27 commodity balances (individual fuels as smallest displayed units), four fuel groups aggregated from the individual energy sources (coal, oil, gas and renewable energies) and the total balance. The individual energy sources are shown both in physical units (tonnes, 1000 m³ and MWh) and energy units (Terajoules). The fuel groups and overall balance are only shown in Terajoules (TJ). 
E.3. Aggregated energy balance for the United Kingdom
The United Kingdom publishes energy balances on a quarterly basis.  These are produced three months after the end of the quarter and are published on the web. An example is shown in table E.1 in this section. The UK quarterly energy balance is based on monthly and quarterly surveys of energy producers and distributors, which have smaller sample sizes than the more comprehensive surveys run on an annual basis. The quarterly balance is a contraction of the full annual balance with final consumption comprising only five rows compared to 23 rows in the full annual balance, with no breakdown of industrial consumption published. A number of other simplifying adjustments are used to estimate data that are only collected on an annual basis.

The UK publishes its full commodity and energy balances on an annual basis on the Last Thursday in July – seven months after the year end within its Digest of UK Energy Statistics.  The UK follows international practice with a couple of exceptions.  The UK uses gross calorific values as its main method to convert data from commodity balances to energy balances.  International aviation is still published within the air transport row within final consumption.  However, energy balances produced using net calorific values are published as an annex to its Digest, and within this publication the UK states that 6 per cent of aviation turbine fuel is consumed domestically, so balances fully compatible with IRES can be produced.  Commodity balances are produced for each fuel and are then combined into an overall energy balance.  At that stage consistency checks are performed which may result in further versions of commodity balances being produced before final energy balances are produced.
Table E.1. Aggregated energy balance for the United Kingdom, 3rd quarter 2012
	Unit: ktoe
	Coal 
	Manufactured fuel
	Primary oils
	Petroleum products
	Natural gas5
	Bioenergy & waste6
	Primary electricity
	Electricity
	Heat sold
	Total

	SUPPLY
	
	
	
	
	
	
	
	
	
	

	   Indigenous production
	2 555
	0
	10 678
	0
	7 909
	1 426
	4 576
	0
	0
	27 144

	   Imports
	7 099
	16
	16 631
	7 199
	8 064
	488
	0
	371
	0
	39 867

	   Exports
	-74
	-26
	-8 660
	-7 513
	-3 740
	-87
	0
	-20
	0
	-20 119

	   Marine bunkers
	0
	0
	0
	-552
	0
	0
	0
	0
	0
	-552

	   Stock change1
	-971
	43
	700
	-106
	-725
	0
	0
	0
	0
	-1 058

	1. Primary supply
	8 609
	33
	19 349
	-972
	11 509
	1 827
	4 576
	351
	0
	45 282

	Statistical difference2
	10
	0
	0
	47
	11
	0
	0
	5
	0
	74

	Primary demand 
	8 599
	33
	19 348
	-1 018
	11 497
	1 827
	4 576
	346
	0
	45 208

	Transfers3
	0
	1
	-251
	318
	-1
	0
	-491
	491
	0
	67

	TRANSFORMATION
	-8 195
	396
	-19 097
	18 820
	-4 567
	-1 406
	-4 085
	6 416
	272
	-11 446

	   Electricity generation
	-6 958
	-151
	0
	-207
	-4 166
	-1 406
	-4 085
	6 416
	0
	-10 558

	   Heat generation
	-61
	-13
	0
	-17
	-401
	0
	0
	0
	272
	-219

	   Petroleum refineries
	0
	0
	-19 097
	19 044
	0
	0
	0
	0
	0
	-53

	   Coke manufacture
	-929
	837
	0
	0
	0
	0
	0
	0
	0
	-92

	   Blast furnaces
	-195
	-326
	0
	0
	0
	0
	0
	0
	0
	-521

	   Patent fuel manufacture
	-52
	50
	0
	0
	0
	0
	0
	0
	0
	-2

	Energy industry use
	0
	179
	0
	1 171
	1 079
	0
	0
	544
	24
	2 997

	Losses
	0
	18
	0
	0
	215
	0
	0
	495
	0
	729

	FINAL CONSUMPTION
	404
	232
	0
	16 949
	5 635
	421
	0
	6 214
	253
	30 108

	   Iron & steel
	9
	135
	0
	1
	97
	0
	0
	87
	0
	329

	   Other industries
	270
	44
	0
	1 096
	1 623
	99
	0
	2 038
	210
	5 379

	   Transport
	3
	0
	0
	13 602
	0
	199
	0
	88
	0
	13 892

	   Domestic
	115
	53
	0
	455
	2 806
	73
	0
	1 957
	5
	5 464

	   Other final users
	7
	0
	0
	323
	936
	50
	0
	2 044
	38
	3 399

	   Non energy use
	0
	0
	0
	1 471
	173
	0
	0
	0
	0
	1 644


1.   Stock fall (+), stock rise (-).  
2.   Primary supply minus primary demand. 
3.   Annual transfers should ideally be zero.  For manufactured fuels differences occur in the rescreening of coke to breeze.   For oil and petroleum products differences arise due to small variations in the calorific values used. 
4.   Includes all manufactured solid fuels, benzole, tars, coke oven gas and blast furnace gas. 
5.   Includes colliery methane. 
6.   Includes geothermal, solar heat and biofuels for transport; wind and wave electricity included in primary electricity figures 
Appendix 1. Physical energy content method and the partial substitution method
There are essentially two methods that can be used to calculate the primary energy equivalent of the above energy sources: the partial substitution method and the physical energy content method.
The physical energy content method: The principle now adopted by most countries and international organisations is the “physical energy content” method in which the physical energy value of the primary energy form is used for the production figure. For primary electricity, this is simply the gross generation figure for the source. Care is needed when expressing the percentage contributions from the various sources of national electricity production. As there is no transformation process recognised within the balances for the production of primary electricity, the respective percentage contributions from thermal and primary electricity cannot be calculated using a “fuel input” basis. Instead, the various contributions should be calculated from the amounts of electricity generated from the power stations classified by energy source (coal, nuclear, hydro, etc.). In the case of electricity generation from primary heat (nuclear and geothermal), the heat is the primary energy form. As it can be difficult to obtain measurements of the heat flow to the turbines, an estimate of the heat input is often used.
The partial substitution method: In the earlier days of energy balance methodology, a partial substitution method was often used to value primary energy production. In this method, the primary energy equivalent of the electricity from solar, hydro, wind, etc. represents the amount of energy that would be necessary to generate an identical amount of electricity in conventional thermal power plants. The advantage of this method was to limit the variations in total national energy supply due to changes in primary electricity production in countries where a significant part of electricity production was from combustible fuels. In years of little rainfall, for example, hydro production would fall and be compensated by a corresponding amount of electricity produced from fuels which were either produced or imported for the purpose. However, because of the lower efficiency of thermal power generation, a far larger amount of energy in the form of fuels is required to compensate for the electricity lost from hydro plants. This imbalance was overcome by substituting for hydro production an energy value nearly three times (1/0.36) its physical energy content. The principle was abandoned because it had little meaning for countries, like Norway, in which hydroelectricity generation was the major supply and because the actual substitution values were hard to establish as they depend on the marginal electricity production efficiencies. Partial substitution also had unreal effects on the energy balance as transformation losses appeared which had no physical basis.
Since these two types of energy balance methodologies differ significantly in the treatment of electricity from solar, hydro, wind, etc., the share of renewables in total energy supply will appear to be very different depending on the method used. As a result, when looking at the percentages of various energy sources in total supply, it is important to understand the underlying conventions that were used to calculate the primary energy equivalent.
Appendix 2. How to calculate the renewables column
The summary energy balance in IRES chapter 8 “Energy balance” in IRES adds a column “of which: renewables”.  This appendix described a proposal for how to calculate this column. It must be noted that the method described here cannot be used to calculate the share of renewable energy as required in EU Directive 2009/258/EC on renewable energy, but it gives an indication of the share of renewable energy in the country. Annex A of IRES lists out which energy products should be considered renewable and which should be considered non-renewable, so for the most part, the calculation is fairly straight-forward. 

However, a complicating factor arises for electricity and heat since some (but usually not all) of the electricity and heat are produced from renewable sources. However, when looking at the consuming sectors, it is not possible to separate out the renewable electricity and heat from the non-renewable electricity and heat. For practical purposes, the easiest solution is to calculate the percentage of electricity that is produced by renewable sources and to apply this to the electricity consumption and likewise to apply the percentage of heat from renewable sources to the heat consumption. 
However, some countries may have a high share of imports or exports of electricity. If a country for instance imports 90 per cent of its electricity, this approach could give a wrong picture of the renewable part of the electricity consumption. If knowledge about the technology used in production of imported electricity is available, then this could be used to estimate a more real share of the renewable electricity consumption in the country. Alternatively; all imports could be regarded as non-renewable. However, in the example with 90 per cent imports, this would give a rather low renewable share, and it could be wrong, if the imported electricity in fact is renewable. 

The method chosen should depend on the importance of electricity trade in the country. If imports of electricity is negligible, the best approach would be to calculate the renewable share on basis of production. Otherwise, imports and exports should be taken into account when calculating this share.

Table 2.1 Percent of electricity and heat production that is from renewable sources for Austria.
	
	Electricity output in GWh
	Heat output in TJ

	Non-renewable
	22823
	49217

	Coal
	6704
	3067

	Peat
	0
	0

	Oil
	1275
	7459

	Natural gas
	14346
	35050

	Nuclear                                      
	0
	0

	Industrial waste                 
	273
	706

	Municipal waste (non-renew)       
	207
	2780

	Heat from chemical sources                   
	18
	155

	Other sources                                
	0
	0

	Renewable
	45114
	30427

	Hydro (excl. pumped storage)                                   
	38406
	0

	Geothermal                             
	1
	538

	Solar photovoltaics                          
	89
	0

	Solar thermal                          
	0
	0

	Tide, wave and ocean                         
	0
	0

	Wind                                         
	2064
	0

	Municipal waste (renew)       
	300
	2394

	Primary solid biofuels            
	3574
	26813

	Biogases                       
	650
	511

	Biogasoline                         
	0
	0

	Biodiesels                           
	0
	0

	Other liquid biofuels                
	30
	171

	Total
	67937
	79644

	% renewable
	66.4%
	38.2%


Table 2.2 Calculation of the column “Of which: renewables” for Austria.
	Unit: PJ (with 3 decimals)
	Electricity
	Heat
	Renewable fuels
	Electricity
* 0.664
	Heat
*0.382
	Of which: Renewables

	Primary production
	0
	0.155
	360.063
	0
	0
	360.063

	Imports
	71.646
	0
	38.011
	0
	0
	38.011

	Exports
	-63.253
	0
	-18.489
	0
	0
	-18.489

	International bunkers
	0
	0
	0
	0
	0
	0

	
Int. marine bunkers
	0
	0
	0
	0
	0
	0

	
Int. aviation bunkers
	0
	0
	0
	0
	0
	0

	Stock change
	0
	0
	0.217
	0
	0
	0.217

	Total energy supply
	8.393
	0.155
	379.801
	0
	0
	379.801

	Statistical difference
	0
	0
	0.033
	NA
	NA
	NA

	Transfers
	0
	0
	0
	NA
	NA
	NA

	Transformation processes
	244.552
	79.319
	-223.555
	NA
	NA
	NA

	     Elec/CHP/heat plants
	244.552
	79.494
	-223.494
	NA
	NA
	NA

	     Oil refineries
	0
	0
	0
	NA
	NA
	NA

	Energy industries own use
	-20.102
	0
	0
	NA
	NA
	NA

	Losses
	-12.069
	-6.450
	0
	NA
	NA
	NA

	Final consumption
	220.839
	73.024
	156.279
	146.637
	27.895
	330.811

	Final energy consumption
	220.839
	73.024
	156.279
	146.637
	27.895
	330.811

	Manufacturing, const. and non-fuel mining industries
	96.152
	10.563
	45.876
	63.845
	4.035
	113.756

	
Iron and steel
	12.952
	0.623
	0.002
	8.600
	0.238
	8.840

	
Chemical and petrochemical
	14.079
	2.698
	2.101
	9.348
	1.031
	12.480

	
Other industries
	69.122
	7.242
	43.773
	45.897
	2.766
	92.437

	Transport
	12.458
	0
	19.774
	8.272
	0
	28.046

	
Road
	0
	0
	19.590
	0
	0
	19.590

	
Rail
	6.474
	0
	0.146
	4.299
	0
	4.445

	
Dom. aviation
	0
	0
	0
	0
	0
	0

	
Dom. navigation
	0
	0
	0.037
	0.000
	0.000
	0.037

	
Other transport
	5.984
	0
	0.001
	3.974
	0
	3.975

	Other
	112.229
	62.461
	90.629
	74.520
	23.860
	189.009

	
Agriculture/forestry/
fishing
	2.837
	0.410
	9.672
	1.884
	0.157
	11.713

	
Households
	65.017
	32.975
	74.862
	43.171
	12.528
	130.560

	       Other
	44.375
	29.076
	6.095
	29.465
	11.175
	46.736

	Non-energy use
	0
	0
	0
	0
	0
	0


Appendix 3: New technologies

This appendix tries to explain technologies or energy sources that still not are mandatory to calculate and include in the energy balance, but should be considered, if it is of relevance for the country. 

Heat from heat pumps: A heat pump is a device for transferring heat from areas with lower ambient temperatures to areas with higher ambient temperatures and are used, for example to extract heat from a medium (air, ground, water) outside a building to be used to warm the building’s interior. They often use electricity (although some are also designed to use natural gas) to drive motors to perform this function and provide an efficient means of heating. According to current international methodology, energy generated from heat pumps is only included in heat production if the heat is distributed to a third party, for instance from heat plants. Own use of heat from heat pumps is usually not captured. Heat pumps in buildings (e.g. households, businesses, etc.) are in most countries considered final consumers and only the electricity delivered to the consumer is known, not how much electricity was used by the heat pump or how much heat was produced and then consumed. There are some exceptions to this practice. Some few countries, for instance Finland and the United Kingdom, do include residential heat pumps in their energy balances. 
Energy from heat pump may give a significant contribution to the countries energy supply. Furthermore; energy from heat pumps with a coefficient of performance (COP) above a certain value, is regarded as renewable energy in the EU’s renewable energy directive. The value depends on the efficiency in electricity generation in EU, and the required COP in 2010 was 2.5. Energy generated from heat pumps has to be calculated in countries that have implemented this directive. 

If energy from heat pumps not is included in the energy balance, it can be useful to have supplementary tables showing estimated energy generation from all heat pumps and not just those covered by traditional energy statistics. Estimation of energy from heat pumps are, however, somewhat uncertain because it cannot be measured exactly and it is based on assumptions for COP and the time the heat pumps are used for heating. The COP depends on the inside and outside temperature, how/where the heat pumps are installed, etc., while the time in use varies with the outside temperature, price of alternative energy products, outside temperature etc. It is difficult to take all these factors into account when estimating the generated heat from heat pumps. The uncertainty and the fact that ambient energy used in heat pumps seldom has alternative uses as energy are arguments for not including it into the energy balance. On the other side, if heat pumps are widespread in a country, we do not get a correct impression of the actual energy consumption, if it is excluded.
Proposal for estimating ambient heat from heat pumps

To estimate the ambient heat production from heat pumps, one method is to take account of the energy content of the electricity that is used directly in the heat pump since this is the information that is mostly likely to be available and to apply a coefficient of performance (COP) above one. The COP is usually between 1.5 and 4 depending on the efficiency and capacity of the heat pump, temperature of the ambient heat, air humidity etc. Exact methods or meters for monitoring the energy generated from all heat pumps in the country are seldom available, but calculations can be made on the basis of information about the capacity, type and coefficient of performance of the different heat pumps in the country, and assumptions about the time per year they are used for heating. These kinds of calculations are, however, somewhat uncertain because they also depend on the inside and outside temperature, how/where the heat pumps are installed, etc. This information is seldom available for heat pumps in the whole country. 

Another option is to follow the EU’s guidance. The European Commission have established guidelines for Member States on calculating renewable energy from heat pumps from different heat pump technologies pursuant to Article 5 of Directive 2009/28/EC (on renewable energy). This is also published in the Official Journal of the European Union 6.3.2013 (2013/114/EU). A short outline of the methodology is the following:
In accordance with Annex VII to the Directive, the amount of renewable energy supplied by heat pump technologies (E RES ) shall be calculated with the following formula: 

E RES = Q usable * (1 – 1/SPF) 

Q usable = H HP * P rated 

Where:

— Q usable = the estimated total usable heat delivered by heat pumps [GWh], 

— H HP = equivalent full load hours of operation [h], 

—  P rated = capacity of heat pumps installed, taking into account the lifetime of different types of heat pumps [GW], 

—  SPF =  the estimated average seasonal performance factor (SCOP net or SPER net ). 

”Q usable ” means the estimated total usable heat delivered by heat pumps, calculated as the product of the rated capacity for heating (P rated ) and the annual equivalent heat pump hours (H HP ), expressed in GWh;
”Annual equivalent heat pump hours” (H HP ) means the assumed annual number of hours a heat pump has to provide heat at rated capacity to deliver the total usable heat delivered by heat pumps, expressed in h;

”Rated capacity’ (P rated )” means the cooling or heating capacity of the vapour compression cycle or sorption cycle of the unit at standard rating conditions;

SPF’ shall mean the estimated average seasonal performance factor, which refers to the ‘net seasonal coefficient of performance in active mode’ (SCOP net ) for electrically driven heat pumps or ‘net seasonal primary energy ratio in active mode’ (SPER net ) for thermally driven heat pumps.
(Default values for H HP and conservative default SPF values are set out in tables in the document describing the methodology)

District cooling: District cooling, which is cold water delivered from district plants to buildings for cooling purposes, is not currently a part of reporting requirements to international organisations and most countries do not include this in either their commodity balances or their energy balances. If, at a future date, this type of plant becomes more important, then consideration of whether (and how) to incorporate the information into the balances will need to be examined. An example of one country that includes district cooling in the balances is Norway. Norway collects district cooling together with district heating statistics from the plants producing it, and it is added to district heating in the energy balance. Figures for production, losses and deliveries of district cooling in GWh are added to the district heating figures in the energy balance. The input, which mainly is electricity used in heat pumps for production of district cooling, is added to the transformation sector in the balance.

Electricity in hybrid cars and electric motor cars:  Hybrid cars have a battery and produce their own electricity from fossil fuels. Own electricity production from fossil fuels in the car should not be included in energy balances. Certain hybrid cars (plug-in hybrid cars) can also be charged, in addition to that they can produce their own electricity. Electricity charged by plug-in hybrid cars and electric motor cars should be estimated and included as electricity consumption in road transport in the energy balance. The figures can be estimated on basis of mileages (for instance from the vehicle registry) and information about electricity charged per km. driven (usually around 0,2 kWh/km). Furthermore, it is necessary with surveys that indicate how much plugin hybrid cars are charged vs. producing its own electricity. The surveys must also contain information on where the cars are charged. If the cars are charged at home 30 per cent of the time, the corresponding quantity of electricity has to be deducted from electricity consumption in households, in order to avoid double counting of electricity. It is expected that the number of electric car are increasing in the future, and reliable statistics for electricity used in cars will be more important.
Energy supply = 


Production (of primary and secondary products) 


+ Production from other sources


+ Imports of energy


 - Exports of energy


 - International (aviation and marine) bunkers


 - Stock changes








� Calculated efficiencies for patent fuel plants can often exceed 100% due to the addition of a binding agent.
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