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Abstract
In the compilation of physical input-output tables, the law of the conservation of matter is a basic criterion that enables double-entry bookkeeping of physical flows. As the law is valid only for the mass of materials, its application presupposes the measurement of physical flows in kilograms.  

The law of the conservation of matter is fundamental: the mass of the outputs of any process has to be the same as the mass of the entered inputs. In practical applications, however, problems arise because processes often involve unobservable material flows. Examples of such unobservable flows are water vapour in drying processes, oxygen intake in fuel combustion, and carbon dioxide expiration in the metabolism of animals and humans.

The focus of this paper is to introduce exact calculation methods for making the unobservable flows visible in three problematic areas: 1) moisture changes of materials in refining processes, 2) balances of fuel combustion, and 3) metabolic balances of animals and humans.

This paper is based on the ongoing work on the compilation of physical input-output tables for Finland in 1995 – FINPIOT95 - at the Thule Institute and the Statistics Finland.

1
Introduction
Material flow accounting, MFA, is generally defined as the compilation and analysis of statistical data about the material inflows and outflows of an economy. The subject of the accounting is generally a national economy but the subject may be a region or an economic sector, too. The accounts may be oriented to the aggregative description of the inflows and outflows or it may be focused on a sector of an economy or on a region. The accounting may be aimed at describing the total mass inflows and outflows or it may be intended to a more detailed process analysis of different substances even inside the economy. 

Material balance can be spoken about when the accounting consists of an all-inclusive total description of the material inflows and outflows of the system and the materials stored in the system. 

Material flow accounting has recently reached official international status as The European Commission published a manual of the material flow accounting (European Commission 2001) – or MFA Guide for short - where the adoption of the material flow accounting at the national statistical offices of the EU is recommended. The unified conceptual and measurement framework has been developed, too. 

Another current work aiming at the adoption of internationally unified material flow accounting methods is the revision of the System of Integrated Economic and Environmental Accounting (SEEA) of the United Nations (United Nations 1993). The draft worked out, SEEA 2000, has been placed on the Internet for public commenting. In Chapter III of the revised version a much wider and more systematic attention has been paid to the material flow accounting than in the version of 1993. 

The most comprehensive and systematic material flow accounts are reached with the physical input-output tables (PIOT). In the physical input-output tables the flows of the materials through the economy are described in detail: the intake of natural resources by industries, their flows in the processing and refining processes, their final use and further their outflow into nature.

So far the physical input-output tables have been compiled only in two countries, in Germany for the year 1990 (Stahmer, Kuhn & Braun 1998) and in Denmark for the same year (Pedersen 1999). The compilation of physical input-output tables has been started in Finland, too, (Mäenpää & Muukkonen 2001) in FINPIOT project, with which this work is associated. Also the SEEA 2000 includes a rather throughout description of the material flow accounting in accordance with the input-output framework and the revised national accounting (Commission of the European Communities,... 1993, European Commission 1996).

The basis of the material flow accounting is the law of the conservation of matter: matter (mass or energy) cannot be created or destroyed by any physical process, but only change from one form to another. According to the theory of relativity the mass can be changed into energy and vice versa, but in the human techno-sphere only to such a small extent that in general it is below our measurement precision (even in the nuclear power plants the mass loss of the nuclear fuel is about 0.003 per cent). Hence with the practical measurement precision the conservation of mass and energy can be simplified as the principle of the conservation of mass. 

The conservation of matter refers to the mass of materials, which in the field of gravitation appears as the weight of the materials. Thus in the material flow accounting all material flows have to be measured in mass units, in kilograms or in (metric) tons. 
The principle of the conservation of mass gives the following basic equation of the material balance: 


The mass input of the system = the mass output of the system 

            + the changes in the mass of the material stocks inside the system.

In the description of the material flows of an economy this principle is demonstrated in Figure 1.
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Figure 1. The economy-wide material balance (adopted from: European Commission 2001, 16)

By the law of the conservation of matter some total balance equations are valid in accordance with Figure 1, too. First, in the input side

Domestic extraction + direct imports 

  = material throughput of the economy + net additions to stocks. 
Second, in the output side

The mass of materials ended up in domestic nature
 = material throughput of the economy – exports.

The economy-wide material balance can be compiled directly with aggregate data. However, for analysing material flows inside the economy a more disaggregate input-output approach is needed. The Physical Input-Output Tables (PIOT) have been compiled for Germany (Stahmer et. al. 1998) and Denmark (Pedersen 1999). 

This paper describes methods developed in the compilation of the Finnish PIOT of the year 1995 – or FINPIOT95. The preliminary work and its early results have been more extensively described in the paper Mäenpää & Muukkonen (2001).
At the compilation level the product and industry classifications of the FINPIOT95 are the same as in the monetary input-output tables of Finland (Statistics Finland 1999). Thus there are 190 industries and 1300 products, from which about 1200 are material goods. The PIOT are comprised of product x industry supply table, product x industry use table and industry x industry symmetric table associated with flows from and into nature.
A useful summary table of the input-output flows by industries is presented in Annex 1. The columns are constructed so that when the inner flows of the economy are cancelled, the figures below the bottom line give the external economy-wide flows of Figure 1.

The table of Annex 1 contains the flows of both the energy carriers and “ordinary” materials. Annex 2 presents the material flows of fuel combustion separately and Annex 3 the flows associated with the “ordinary” materials. The tables are still preliminary since some sectors need more accurate estimations.
In the FINPIOT95 project much work has been addressed to develop systematic and exact methods for the computer software of the compilation which are then easy and quick to adapt for the next update of the PIOT. Below we focus on methods in three problem areas where unobservable flows are central in balancing the material flows, namely:
· changes in water content of products

· material balances of fuel combustion

· material flows of biological metabolism.

2
Changes in water content of products

The water content of products entering the economy in primary production is often high: 25 – 90 % by plants, 45 % by wood and about 10 % by minerals. In basic industries, where those raw materials are processed to intermediate and final products, the moisture of the material flows is generally lowered. Most often the drying is realised by evaporation in which case the water leaving the product flow remains unobserved.

Some products like beverages and paints include added water. 
To keep the mass balances of material flows in order, moisture changes or additions of water and evaporation have to be included in balances. 
For managing the moisture changes in the compilation of the PIOT a relatively simple method can be developed, however.
Let mi be the moisture rate of product i, uij the use of product i by the industry j and sij the supply of product i by industry j. Then                                    

                   
wj  = Σi misij - Σi miuij  = Σi mi(sij - uij ),    and  |wj|  = water input, if wj > 0               
                                               

                               =  water vapour output, if wj < 0.
The equation can be presented more comprehensively in matrix form as follows. Let m be the vector of moisture rates of products, S the product x industry supply matrix and U the product x industry use matrix. Then 
          w = m’S – m’U = m’(S-U), 
 where   |wj|  = water input, if wj > 0






         =  water vapour output, if wj < 0.
The FINPIOT95 include about 1200 material products. The moisture rates are estimated for 275 products at the beginning of the processing chains. For the refined products the water content is generally so low that the moisture changes have no significance. Working with product by product moisture vector means, however, that new data about significant moisture contents can be easily included in the compilation system.

Annex 3 shows that industries where the share of released water vapour is high are especially forest industries, manufacture of food products and manufacture of non-metallic minerals. Added water can be found in manufacture of beverages, in manufacture of chemicals and in manufacture of non-metallic minerals. The water shares in inputs and outputs are presented separately for food and forest industries in Table 1. 
Table 1. Shares of the added water in inputs and of water vapour in outputs of selected industries 
	
	
	Input
	Output

	
	
	Water
	Products
	Total
	Products
	Water
	Total

	4
	Manufacture of food products
	0.7
	99.3
	100.0
	79.0
	21.0
	100.0

	5
	Manuf.of beverages & tobacco
	56.1
	43.9
	100.0
	99.7
	0.3
	100.0

	7
	Manuf of wood & wood products
	0.0
	100.0
	100.0
	79.7
	20.3
	100.0

	8
	Manuf of pulp, paper, paper prod
	0.0
	100.0
	100.0
	72.2
	27.8
	100.0


3
Combustion of fuels

The combustion of fuels combines the combustible substances of fuels and the oxygen of the air and thus transforms them into gases. The heat born by the combustion evaporates the water contained by the fuel, too. The incombustible substances of the fuel are left as ash. 
The material flows of the combustion could be accounted in principle from the substance composition of the fuels. The substance composition of some fuels is expressed in Table 2. To ease the presentation only data for the 11 most important fuels are shown. The FINPIOT95 include 33 fuel types altogether. The data is mainly from Alakangas (2000) and Kurki-Suonio (1981). 
In the conditions of complete combustion the material flows of combustion could be accounted exactly from the data of substance compositions: from the elements of the fuel the carbon C nitrogen N and sulphur S are oxidized into CO2, NO2 (mainly) and SO2. The hydrogen H is oxidized into water H2O and is combined with the vapour of the water originally contained by the fuel. The external oxygen required is obtained by subtracting the oxygen contained by the fuel from the oxygen used to oxidize the other elements of the fuel. 
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Figure 2. Material flows of combustion
Table 2. Energy content and substance composition of the most important fuels
	
	Energy
	Substance composition, %

	
	MJ/kg
	Water
	Ash
	C
	H
	O
	N
	S
	Total

	Liquefied Petroleum Gas
	45.6
	0.00
	0.00
	0.82
	0.18
	0.00
	0.00
	0.00
	1.00

	Motor Gasoline
	43.1
	0.00
	0.00
	0.87
	0.13
	0.00
	0.00
	0.00
	1.00

	Kerosene Type Jet Fuel
	43.1
	0.00
	0.00
	0.86
	0.14
	0.00
	0.00
	0.00
	1.00

	Light Fuel Oil
	42.3
	0.00
	0.00
	0.86
	0.13
	0.00
	0.00
	0.01
	1.00

	Heavy Fuel Oil
	41.1
	0.00
	0.00
	0.88
	0.10
	0.00
	0.00
	0.01
	1.00

	Hard Coal
	25.2
	0.10
	0.13
	0.66
	0.03
	0.07
	0.01
	0.01
	1.00

	Natural gas
	49.3
	0.00
	0.00
	0.74
	0.24
	0.01
	0.01
	0.00
	1.00

	Peat
	12.3
	0.40
	0.03
	0.31
	0.03
	0.21
	0.01
	0.01
	1.00

	Fuel Wood
	11.6
	0.23
	0.01
	0.38
	0.05
	0.33
	0.01
	0.00
	1.00

	Black Liqour
	11.7
	0.25
	0.02
	0.36
	0.04
	0.31
	0.00
	0.03
	1.00

	Nuclear Fuel
	3 025 210.1
	0.00
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.00


In practice, however, the combustion is incomplete and emissions are reduced with end-of-pipe measures. In incomplete combustion part of the combustible substances remains in the ash, part of the carbon is oxidized only into carbon monoxide CO or is released as methane CH4. In high temperatures part of nitrogen contained in the combustion air is oxidized, too. Thus e.g. the exhaust fumes of cars have high nitrous oxide emissions although the transport fuels do not contain nitrogen. 
The “empirical” emission coefficients of fuels for the year 1995 obtained from the accounts of emission statistics of Finland are shown in Table 3. The emission coefficients are expressed generally in relation to the energy unit of fuels (kg/MJ), but in Table 3 they are converted to the relation of mass unit of fuels (kg/kg). By most of the fuels the share of the carbon dioxides is over 99 % of the total emissions. Thus in rough accounts the other emissions could be neglected, too. However, including them in accounts is useful for maintaining the exact connection with the emission statistics. 
With the empirical emission coefficients the external oxygen and oxidized nitrogen of the air can be obtained by the equation: 
Oxygen and nitrogen from air = (Ash + Water vapour + Emissions to air) – Mass of fuel.

When accounting per mass unit of fuel the ash is obtained directly from the Ash column of Table 2, the water is obtained by adding to the Water column of the table the water formed by oxidizing hydrogen, or multiplying the H column by nine. The emissions to air are obtained from Table 3. 
Table 3.  Emission coefficients of the most important fuels according to emissions statistics, kg/kg
	
	CO2
	NOx
	SO2
	CH4
	CO
	N2O
	Total
	CO2/Total, %

	Liquefied Petroleum Gas
	2.776
	0.0049
	0.0007
	0.0002
	0.001
	0.0001
	2.783
	99.7

	Motor Gasoline
	3.123
	0.0386
	0.0002
	0.0010
	0.146
	0.0003
	3.309
	94.4

	Kerosene Type Jet Fuel
	3.052
	0.0093
	0.0004
	0.0041
	0.019
	0.0015
	3.086
	98.9

	Light Fuel Oil
	3.101
	0.0184
	0.0013
	0.0003
	0.008
	0.0004
	3.129
	99.1

	Heavy Fuel Oil
	3.149
	0.0080
	0.0176
	0.0003
	0.001
	0.0001
	3.177
	99.1

	Hard Coal
	2.337
	0.0045
	0.0050
	0.0001
	0.000
	0.0001
	2.347
	99.6

	Natural Gas
	2.754
	0.0052
	0.0000
	0.0002
	0.001
	0.0001
	2.761
	99.8

	Peat
	1.291
	0.0021
	0.0021
	0.0001
	0.001
	0.0002
	1.296
	99.6

	Fuel Wood
	1.260
	0.0007
	0.0000
	0.0035
	0.013
	0.0000
	1.278
	98.6

	Black Liqour
	1.273
	0.0008
	0.0002
	0.0000
	0.002
	0.0000
	1.275
	99.8

	Nuclear Fuel
	0.000
	0.0000
	0.0000
	0.0000
	0.000
	0.0000
	0.000
	-


Table 4 shows the material flow balances of combustion obtained. In FINPIOT95 the material balances of combustion are obtained by multiplying the fuel use of industries .by the figures of the table.
Table 4. Material balances of fuel combustion per mass unit of fuels (kg/kg)
	
	Input
	Output

	
	Fuel
	O2,N2
	Total
	Ash
	Vapour
	Emissions
	Total

	Liquefied Petroleum Gas
	1
	3.37
	4.37
	0.00
	1.59
	2.78
	4.37

	Motor Gasoline
	1
	3.47
	4.47
	0.00
	1.17
	3.31
	4.47

	Kerosene Type Jet Fuel
	1
	3.39
	4.39
	0.00
	1.30
	3.09
	4.39

	Light Fuel Oil
	1
	3.31
	4.31
	0.00
	1.18
	3.13
	4.31

	Heavy Fuel Oil
	1
	3.09
	4.09
	0.00
	0.91
	3.18
	4.09

	Hard Coal
	1
	1.89
	2.89
	0.13
	0.41
	2.35
	2.89

	Natural gas
	1
	3.96
	4.96
	0.00
	2.20
	2.76
	4.96

	Peat
	1
	1.03
	2.03
	0.03
	0.71
	1.30
	2.03

	Fuel Wood
	1
	0.93
	1.93
	0.01
	0.64
	1.28
	1.93

	Black Liqour
	1
	0.86
	1.86
	0.02
	0.57
	1.28
	1.86

	Nuclear Fuel
	1
	0.00
	1.00
	1.00
	0.00
	0.00
	1.00


4
Metabolic material balances of domestic animals

The material content of living organisms can be divided into following nutrients:

· carbohydrates

· proteins

· fats

· alcohol

· minerals

· water.

The first four are called energy nutrients because their combustion is the basis of the energy production of the living organisms. Of the energy nutrients alcohol belongs to human nutrition only. Carbohydrates are often divided further into easily digested carbohydrates and indigestible fibres.

The nutrient composition of the plant and animal products contained in food chain has been extensively cleared up by nutrition research. In Table 5 some examples of these are presented.

Table 5. Nutrient composition of plant and animal products, some examples

	 
	Nutrient composition, % on average
	 

	
	Proteins
	Fats
	Carbo-
	Fibres
	Minerals
	Water
	Total

	
	
	
	hydrates
	
	
	
	

	Plants
	
	
	
	
	
	
	

	Potato
	2.1
	0.0
	18.0
	0.7
	1.2
	78.0
	100.0

	Wheat
	11.9
	1.9
	67.7
	2.8
	1.7
	14.0
	100.0

	Pasture grass
	3.4
	0.8
	8.8
	4.2
	1.8
	81.0
	100.0

	Tomato
	1.0
	0.3
	3.5
	0.7
	0.5
	94.0
	100.0

	Garden berries
	0.5
	0.6
	7.5
	1.9
	0.5
	89.1
	100.0

	Animals
	
	
	
	
	
	
	

	Beef cattle
	18.0
	10.0
	0.0
	0.0
	4.0
	68.0
	100.0

	Fattening pig
	12.0
	36.0
	0.0
	0.0
	2.6
	49.4
	100.0

	Milk
	3.3
	4.3
	4.3
	0.0
	0.7
	87.4
	100.0

	Egg 
	13.0
	10.5
	0.0
	0.0
	10.5
	66.0
	100.0

	
	
	
	
	
	
	
	

	Human body
	18.0
	18.0
	0.0
	0.0
	4.3
	59.7
	100.0


Energy nutrients are composed mainly of four elements: carbon (C), hydrogen (H), oxygen (O) and nitrogen (N). Nitrogen is included only in proteins. Each energy nutrient has a characteristic molecular structure and even though especially proteins and fats are comprised of a variety of molecules, the elementary composition of each of them is relatively similar. Table 6 presents the average relative elementary composition of energy nutrients.

Table 6. Average elementary composition of energy nutrients, % in mass units 

	Elements
	Carbohydrates
	Fats
	Proteins
	Alcohol

	C
	44
	77
	54
	52

	H
	6
	12
	7
	13

	O
	50
	11
	23
	35

	N
	
	
	16
	

	Total
	100
	100
	100
	100


Using the elementary composition the material balances of combustion of energy nutrients can be derived as presented in Table 7. Note that the biological combustion of proteins is incomplete in the meaning that the end product of the oxidation of nitrogen in proteins is not nitrous oxide but by mammals urea, (NH2)2CO, and by birds uric acid, C5H4N4O3.

Table 7.  Summary of the material balances of nutrients combustion kg/kg

	 
	INPUT
	OUTPUT

	 
	Nutrient
	O2
	Total
	CO2
	H2O
	Urea/
	Total

	
	
	
	 
	
	
	uric acid
	 

	Carbohydrates
	1.00
	1.15
	2.15
	1.61
	0.54
	
	2.15

	Fats
	1.00
	2.90
	3.90
	2.82
	1.08
	
	3.90

	Proteins, mammals
	1.00
	1.49
	2.49
	1.73
	0.42
	0.34
	2.49

	Proteins, birds
	1.00
	1.36
	2.36
	1.35
	0.53
	0.48
	2.36

	Ethyl alcohol
	1.00
	2.08
	3.08
	1.91
	1.17
	 
	3.08


The metabolic balances are derived only for the main domestic animal types in Finland: dairy cows, beef cattle, sows, fattening pigs, hens and broilers. Since the life time of many animal types is less than a year, the observation unit is defined as animal place year, which contain the reproduction requirements of the animals, too.

The amounts of different feeds used by the animal places are presented in Table 8. 

Table 8. The amounts of feeds per animal place, kg/year

	
	Dairy
	Beef
	Sow
	Fattening
	Hen
	Broiler
	Fur

	
	cow
	cattle
	
	pig
	
	
	animal

	barley (1-03)
	685
	326
	554
	373
	10
	0.2
	0.0

	oats (1-08)
	1 385
	0
	699
	0
	10
	0.2
	0.0

	hay (19-04)
	2 729
	0
	0
	0
	0
	0.0
	0.0

	silage (18-30)
	10 734
	6 834
	0
	0
	0
	0.0
	0.0

	pasture grass (16-03)
	5 126
	0
	0
	0
	0
	0.0
	0.0

	Own feed, total
	20 658
	7 160
	1 253
	373
	20
	0.3
	0.0

	protein concentrate (5-34)
	864
	258
	263
	0
	0
	0.0
	0.0

	mineral feed (5-04)
	88
	26
	0
	0
	0
	0.0
	0.0

	growth feed (5-35)
	0
	47
	0
	300
	0
	16.8
	0.0

	drink feed (8-30)
	0
	21
	760
	0
	0
	0.0
	0.0

	egg laying extract (5-26)
	0
	0
	0
	0
	17
	0.0
	0.0

	poultry limestone
	0
	0
	0
	0
	3
	0.0
	0.0

	feed for fur animals
	0
	0
	0
	0
	0
	0
	84.5

	Concentrated feed, total
	952
	352
	1 023
	300
	20
	16.8
	84.5


In feed research the nutrient composition and digestibility properties of feeds are investigated circumstantially. Table 9 shows the nutrient compositions of the feeds. As in the nutrition studies in general, carbohydrates are further divided into digestible carbohydrates and indigestible fibres. 

Table 9. Nutrient composition of feeds, %

	
	Proteins
	Fats
	Carbo-
	Fibres
	Minerals
	Water
	Total

	
	
	
	hydrates
	
	
	
	

	barley (1-03)
	10.8 
	1.9 
	65.9 
	4.9 
	2.5 
	14.0 
	100.0 

	oats (1-08)
	11.2 
	5.2 
	55.9 
	10.7 
	3.1 
	14.0 
	100.0 

	hay (19-04)
	8.3 
	1.7 
	39.8 
	29.1 
	4.2 
	17.0 
	100.0 

	silage (18-30)
	3.7 
	1.1 
	9.5 
	6.6 
	2.1 
	77.0 
	100.0 

	pasture grass (16-03)
	3.4 
	0.8 
	8.8 
	4.2 
	1.8 
	81.0 
	100.0 

	
	
	
	
	
	
	
	

	protein concentrate (5-34)
	43.9 
	7.2 
	27.1 
	5.2 
	5.7 
	11.0 
	100.0 

	mineral feed (5-04)
	41.4 
	0.9 
	27.0 
	14.4 
	6.3 
	10.0 
	100.0 

	growth feed (5-35)
	45.8 
	3.0 
	28.2 
	5.1 
	5.9 
	12.0 
	100.0 

	drinking feed (8-30)
	7.0 
	0.9 
	13.1 
	0.1 
	0.9 
	78.0 
	100.0 

	egg laying extract (5-26)
	34.4 
	3.9 
	32.1 
	11.5 
	7.1 
	11.0 
	100.0 

	poultry limestone
	0.0 
	0.0 
	0.0 
	0.0 
	90.0 
	10.0 
	100.0 

	feed for fur animals
	8.2 
	9.0 
	3.8 
	0.0 
	9.0 
	70.0 
	100.0


Table 10 presents the digestibility per cents of the feeds. The digestibility expresses how much the animal can ultimately exploit the nutrients and how much is directly excreted as faeces. The digestibility of feeds differs between animal types because based on the differences of the digestive system the digestibility of feeds differs between animals. 

Table 10. Digestibility of feeds by animal types, % 

	 
	Proteins
	Fats
	Carbo-
	Fibres

	 
	 
	 
	hydrates
	 

	Ruminant animals
	
	
	
	

	barley (1-03)
	72
	75 
	89 
	30 

	oats (1-08)
	77 
	90 
	76 
	30 

	hay (19-04)
	56 
	50 
	61 
	60 

	silage (18-30)
	74 
	73 
	74 
	75 

	pasture grass (16-03)
	74 
	60 
	80 
	80 

	protein concentrate (5-34)
	90 
	83 
	91 
	70 

	mineral feed (5-04)
	86 
	34 
	60 
	25 

	growth feed (5-35)
	90 
	74 
	91 
	70 

	drinking feed (8-30)
	87 
	72 
	95 
	50 

	Pigs
	
	
	
	

	barley (1-03)
	71 
	55 
	89 
	15 

	oats (1-08)
	74 
	82 
	77 
	15 

	protein concentrate (5-34)
	88 
	78 
	91 
	60 

	growth feed (5-35)
	88 
	63 
	91 
	60 

	drinking feed (8-30)
	93 
	89 
	96 
	10 

	Poultry
	
	
	
	

	barley (1-03)
	64 
	60 
	77 
	0 

	oats (1-08)
	68 
	84 
	63 
	0 

	growth feed (5-35)
	87 
	50 
	36 
	0 

	egg laying extract (5-26)
	80 
	50 
	30 
	0 

	Fur animals
	
	
	
	

	feed for fur animals
	85 
	90 
	78 
	0 


In the following we use dairy cow as an example, how the metabolic balances of animals can be derived. The compilation table for the metabolic balance of a dairy cow is presented in Table 11. 

The intake rows include first eaten feed by nutrient content and the amount of drinking water. The oxygen intake by respiration is determined on the use side by the oxygen consumed in energy production.  

Table 11. The metabolic balance of dairy cow, kg/year

	
	Proteins
	Fats
	Carbo-
	Fibres
	Minerals
	Water
	Oxygen
	Carbon
	Total

	
	
	
	hydrates
	
	
	
	
	dioxide
	kg/year

	Intake
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Feed
	1 305
	312
	3 610
	1 685
	477
	11 534
	
	
	18 922

	Water
	
	
	
	
	
	32 850
	
	
	32 850

	Respiration
	
	
	
	
	
	
	4 963
	
	4 963

	Total
	1 305
	312
	3 610
	1 685
	477
	44 384
	4 963
	0
	56 735

	Use
	
	
	
	
	
	
	
	
	 

	Faeces
	308
	81
	917
	597
	238
	8 565
	
	
	10 706

	Urine
	268
	
	
	
	190
	7 171
	
	
	7 628

	Methane
	
	
	94
	38
	
	
	
	
	132

	Milk
	184
	252
	266
	0
	40
	5 438
	
	
	6 180

	Calf 
	10
	2
	0
	0
	2
	37
	
	
	50

	Heifer growth 
	25
	16
	0
	0
	7
	85
	
	
	133

	 - 1/4 calf 
	-2
	0
	0
	0
	-1
	-9
	
	
	-13

	Energy production
	513
	-38
	2 333
	1 049
	
	-3 151
	4 963
	-5 670
	0

	Respiration, exhalation
	
	
	
	
	
	26 249
	
	5 670
	31 919

	Total
	1 305
	312
	3 610
	1 685
	477
	44 384
	4 963
	0
	56 735


On the use side the indigestible parts of energy nutrients and minerals leave the body in faeces. Urea formed from the protein used in energy production and minerals from renewing the tissue compounds leave in urine. The water content of faeces and urine is determined by parameters of dry-matter shares of them. The methane yield is determined by digestion of carbohydrates and fibres. Part of the digested nutrients is tied up directly by the animal products, by milk, calves and growth of the heifer. As each fourth calf is used for reproduction and transformed into a heifer, it has to be subtracted for the sake of accounting consistency. 

The energy nutrients left after the tying up of animal products are available for energy production. The amounts of energy nutrients used for the combustion are first in the row of energy production – here the share of urea is subtracted from protein and thus the protein is a so-called non-urea protein. The amount of fats available for energy production is negative. The reason for this is that into animal products, in this case into milk, more fats are tied up than available in digested food. In the animal organisms this deficit is compensated by transforming carbohydrates into fats. In the row of energy production the negative fats calculate correctly the effect of this transformation to the elementary composition of the combusted nutrients and to their energy values. The water and carbon dioxide yielded and the oxygen consumed by combustion of the energy nutrients are calculated by means of the material balances of the combustion of nutrients. The so-called metabolic water formed by combustion joins the water equilibrium and the carbon dioxide leaves in respiration. The water leaving in respiration and exhalation is determined by the water equilibrium 

The results of the metabolic balances can also be presented as a reduced external material balance as in Table 12. In Balance 1 the inputs and outputs are classified as products, and in Balance 2 they are analysed into dry-matter, water and gas content of the products, The total sum of the external balances is a little higher than of the metabolic balance, because the ¼ of a calf is in the external balance removed to the input side.

Table 12. External material balances of dairy cow, kg/year

Balance 1   

       

                      Balance 2


	INPUT
	56 748
	OUTPUT
	56 748
	
	INPUT
	56 748
	OUTPUT
	56 748

	Feed
	18 922
	Milk
	6 180
	
	Dry-matter
	7 391
	Dry-matter
	3 401

	1/4 calf
	13
	Calf
	50
	
	Water
	44 394
	Water
	21 295

	Water
	32 850
	Heifer
	133
	
	Gas
	4 963
	Gas
	32 051

	Oxygen
	4 963
	Faeces
	10 706
	
	
	
	
	

	 
	
	Urine
	7 628
	
	
	
	
	

	 
	
	Water vapour
	26 249
	
	
	
	
	

	 
	
	Carbon dioxide
	5 670
	
	
	
	
	

	 
	 
	Methane
	132
	
	
	
	
	


Balance 2 shows the considerable changes of the forms of material existence caused by the metabolism. The dry-matter and liquid water content of outputs are nearly half of the content of inputs. Instead over six times more gases evaporate into the air than gases are taken in. 

Introducing metabolic balances for each type of domestic animals and raising the accounts to the total animal places in Finland, we get the total material flows of the animal husbandry as presented in Table 13. The table has been supplemented by the additional material flows of manure management: straw for solid and rinsing water for liquid manure in the input side and ammonia and some methane emissions in the output side.

Table 13. Total material balances of the animal husbandry in Finland 1995, 1000 tonnes

	
	Dairy
	Beef
	Sow
	Fattening
	Hen
	Broiler
	Fur
	Total

	
	cow
	cattle
	
	pig
	
	
	animal
	

	
	
	
	
	
	
	
	
	

	Animal places, 1000 units
	399
	340
	95
	670
	4300
	5100
	3749
	

	
	
	
	
	
	
	
	
	

	Input
	29 227
	9 781
	1 490
	4 131
	584
	657
	457
	46 328

	Forage plants
	8 243
	2 434
	119
	250
	87
	2
	0
	11 134

	Concentrated feed
	380
	120
	97
	201
	86
	86
	317
	1 286

	Straw
	330
	65
	35
	0
	0
	0
	0
	430

	Water (drinking & rinsing)
	18 294
	6 664
	1 153
	3 541
	356
	558
	46
	30 613

	Oxygen
	1 980
	498
	86
	140
	56
	11
	94
	2 864

	Output
	29 227
	9 781
	1 490
	4 131
	584
	657
	457
	46 327

	Milk
	2 466
	0
	0
	0
	0
	0
	0
	2 466

	Calves 
	15
	-15
	0
	0
	0
	0
	0
	0

	Beef cattle 
	53
	140
	0
	0
	0
	0
	0
	193

	Pigs 
	0
	0
	45
	-44
	0
	0
	0
	1

	Pork 
	0
	0
	22
	217
	0
	0
	0
	239

	Eggs
	0
	0
	0
	0
	77
	-2
	0
	75

	Chicken
	0
	0
	0
	0
	-5
	0
	0
	-5

	Poultry meat 
	0
	0
	0
	0
	5
	61
	0
	66

	Fur skins
	0
	0
	0
	0
	0
	0
	1
	1

	Slaughtering waste
	0
	0
	0
	0
	0
	0
	16
	16

	Manure
	13 877
	3 694
	1 083
	2 686
	268
	141
	283
	22 031

	Ammonia
	20
	6
	1
	5
	1
	1
	1
	37

	Methane
	61
	13
	2
	5
	0
	0
	0
	80

	Carbon dioxide
	2 262
	551
	105
	149
	63
	-1
	76
	3 205

	Water vapour
	10 473
	5 391
	232
	1 115
	174
	457
	79
	17 921


The total external material balance of animal husbandry is presented in Table 14 and in Figure 3. The figure shows the huge transformation of the form of existence of materials brought by the animal husbandry.

Table 14. Aggregated external material balance of Finnish animal husbandry in 1995, million tonnes

	INPUT
	45.3
	OUTPUT
	45.3

	Dry-matter
	5.1
	Dry-matter
	2.8

	Water
	37.4
	Water
	21.7

	Gas
	2.8
	Gas
	20.8
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Figure 3. Material flows of animal husbandry in Finland 1995, million tonnes

5
Human metabolic balances

As a basis for the metabolic material balances of Finnish population the foodstuffs consumption of Finnish households are first estimated. The household consumption inquiry of the year1998 by Statistics Finland included additional inquiry of the physical quantities of acquired foodstuffs and numbers of different kinds of food and beverage portions in restaurants and canteens. The restaurant and canteen portions have been converted back to their raw foodstuff contents and both the direct foodstuff acquisition of households and the foodstuff acquisition of restaurants and canteens are changes into levels of the year 1995 by means of the fixed price consumption expenditure time series of the national accounts. The food acquisition in the year 1995 per capita is presented in Table 15. To introduce the ultimate food intake, a general food loss of 3 % is assumed and additionally losses due to inedible parts of foodstuffs (skins, bones etc.) are estimated.
Table 15. Food acquisition, losses and intake of households in 1995, kg per capita and intake as energy, MJ per capita
	 
	Acquisition, kg
	Loss
	Intake
	Energy

	 
	Home
	Restaurant
	Total
	%
	kg
	MJ

	  1 Flour, other grain products 
	36
	5.7
	41.7
	3
	40.4
	504

	  2 Bread and biscuits
	36.9
	2.6
	39.5
	3
	38.3
	391

	  3 Beef
	2.6
	1.5
	4.1
	12.5
	3.6
	21

	  4 Pork
	7.3
	1.4
	8.6
	15
	7.4
	58

	  5 Poultry
	3.2
	0.1
	3.3
	30.2
	2.3
	10

	  6 Other meat
	1.4
	0
	1.4
	18.2
	1.1
	5

	  7 Sausages and other meat products
	33.3
	1.7
	35
	3.2
	33.9
	291

	  8 Fish
	10.9
	2.3
	13.2
	15.3
	11.2
	57

	  9 Milk 
	130.3
	11.1
	141.3
	3
	137.1
	250

	10 Dairy products
	50.5
	5
	55.6
	3
	53.9
	326

	11 Eggs
	8.1
	0.7
	8.8
	13.7
	7.6
	44

	12 Oils and fats
	11.1
	3.6
	14.7
	3
	14.3
	414

	13 Fruits and berries
	60
	0.1
	60.1
	19.5
	48.4
	112

	14 Potato
	51.1
	7
	58.1
	16.6
	48.4
	123

	15 Potato products
	4
	0
	4
	3
	3.8
	52

	16 Other plants
	39.4
	8.7
	48.2
	8.9
	43.9
	52

	17 Sugar, jam, honey, confectionery
	25.3
	0.5
	25.8
	3
	25
	358

	18 Other foodstuff
	1.8
	0.2
	2.1
	3
	2
	5

	19 Coffee, tea and cocoa
	7.8
	0.2
	8
	76.6
	1.9
	6

	20 Other non-alcoholic beverages
	61.1
	18.9
	80.1
	3
	77.6
	102

	21 Alcoholic beverages
	86.4
	30.2
	118.2
	3
	114.6
	268

	Total
	668.5
	101.5
	771.6
	7.1
	716.8
	3449

	Per person / day
	
	
	2.1
	
	2
	9.5


For foodstuffs comprehensive nutrient content databank, FINELI, is available in Finland at internet (FINELI 2001), by means of which the nutrient composition of the foodstuffs has been estimated. The nutrient composition of the foodstuffs is presented in Table 16.

In human nutrition studies the following digestibility rates of energy nutrients are generally assumed:

· Proteins

  92 %

· Fats


  95 %

· Alcohol
  
100 %

· Carbohydrates

  97 %

· Fibres


    0 %.

The compilation table for the material balance of an average person, as presented in Table 17, can be constructed similarly as for dairy cow above.

The metabolic balance has been changed into external material balances in Table 6.9 and in Table 6.10 they have been raised further to the level of the total Finnish population. 

Table 16. Nutrient composition and physiological fuel values of foodstuffs 

	 
	Nutrient content, %
	Energy

	
	Carbo-
	Fats
	Proteins
	Alcohol
	Fibres
	Minerals
	Water
	Total
	MJ/kg

	 
	hydrates
	 
	 
	 
	 
	
	 
	 
	 

	  1 Flour, other grain products 
	47.2
	8.1
	9.2
	0.0
	4.4
	1.7
	29.4
	100.0
	12.5

	  2 Bread and biscuits
	42.7
	4.4
	8.6
	0.0
	6.1
	2.3
	36.0
	100.0
	10.2

	  3 Beef
	0.0
	8.4
	19.3
	0.0
	0.0
	0.9
	71.4
	100.0
	5.8

	  4 Pork
	0.1
	16.5
	17.0
	0.0
	0.0
	1.7
	64.7
	100.0
	7.9

	  5 Poultry
	0.2
	6.4
	21.3
	0.0
	0.0
	0.9
	71.2
	100.0
	4.3

	  6 Other meat
	0.0
	5.5
	20.8
	0.0
	0.0
	1.2
	72.5
	100.0
	4.7

	  7 Sausages and other meat products
	4.5
	14.3
	14.7
	0.0
	0.2
	2.5
	63.7
	100.0
	8.6

	  8 Fish
	2.5
	7.2
	16.3
	0.0
	0.1
	3.0
	70.9
	100.0
	5.1

	  9 Milk 
	4.9
	1.3
	3.1
	0.0
	0.0
	0.7
	90.0
	100.0
	1.8

	10 Dairy products
	5.8
	9.9
	8.2
	0.0
	0.1
	1.4
	74.7
	100.0
	6.1

	11 Eggs
	0.3
	11.8
	12.1
	0.0
	0.0
	1.1
	74.6
	100.0
	5.8

	12 Oils and fats
	0.2
	76.7
	0.6
	0.0
	0.0
	1.1
	21.3
	100.0
	29.0

	13 Fruits and berries
	14.0
	0.9
	0.7
	0.0
	2.3
	0.5
	81.5
	100.0
	2.3

	14 Potato
	15.7
	0.1
	1.7
	0.0
	1.2
	1.1
	80.3
	100.0
	2.5

	15 Potato products
	46.7
	13.1
	4.4
	0.0
	2.0
	1.7
	32.1
	100.0
	13.4

	16 Other plants
	4.9
	0.6
	1.3
	0.0
	1.8
	0.9
	90.5
	100.0
	1.2

	17 Sugar, jam, honey, confectionery
	71.1
	5.5
	2.2
	0.0
	0.5
	0.7
	20.0
	100.0
	14.3

	18 Other foodstuff
	7.6
	3.0
	1.7
	0.0
	0.2
	52.2
	35.3
	100.0
	2.7

	19 Coffee, tea and cocoa
	42.4
	5.7
	21.5
	0.0
	3.7
	18.1
	8.7
	100.0
	3.1

	20 Other non-alcoholic beverages
	7.7
	0.0
	0.1
	0.0
	0.0
	0.2
	92.0
	100.0
	1.3

	21 Alcoholic beverages
	3.8
	0.0
	0.3
	5.6
	0.0
	0.1
	90.1
	100.0
	2.3

	On average
	13.2
	4.8
	4.1
	0.9
	1.0
	1.1
	74.9
	100.0
	4.8


Table 17.  Human metabolic balance in 1995, g/person/day 

	 
	Proteins
	Fats
	Alcohol
	Carbo-
	Fibres
	Minerals
	Water
	Oxygen
	Carbon
	Total
	Energy

	 
	 
	 
	 
	hydrates
	 
	
	 
	 
	dioxide
	g/day
	kJ/day

	Intake
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Meals
	93.1 
	78.6 
	0.0 
	228.4 
	18.9 
	20.3 
	992.5 
	
	
	1 432 
	9 653 

	Beverages
	0.3 
	2.4 
	17.5 
	30.6 
	0.2 
	1.7 
	479.3 
	
	
	532 
	1 157 

	Drinking water
	
	
	
	
	
	
	754.3 
	
	
	754 
	 

	Respiration
	
	
	
	
	
	
	
	674.3 
	
	674 
	 

	Total
	93.5 
	81.0 
	17.5 
	259.0 
	19.1 
	22.0 
	2 226.0 
	674.3 
	0.0 
	3 392 
	10 810 

	Use
	
	
	
	
	
	
	
	
	
	 
	 

	Faeces
	7.5 
	4.0 
	0.0 
	7.8 
	19.1 
	11.0 
	100.0 
	
	
	149 
	809 

	Urine
	29.4 
	
	
	
	
	10.9 
	1 500.0 
	
	
	1 540 
	311 

	Methane
	
	
	
	2.5 
	
	
	
	
	
	3 
	139 

	Growth of body mass
	0.4 
	0.4 
	
	
	
	0.1 
	1.3 
	
	
	2 
	25 

	Energy production
	56.2 
	76.5 
	17.5 
	248.7 
	
	
	-274.0 
	674.3 
	-799.3 
	0 
	9 525 

	Respiration, perspiration
	
	
	
	
	
	
	898.7 
	
	799.3 
	1 698 
	 

	Total
	93.5 
	81.0 
	17.5 
	259.0 
	19.1 
	22.0 
	2 226.0 
	674.3 
	0.0 
	3 392 
	10 810 


. 

Table 18. External material balances of humans in 1995, g/person/day

Balance 1   

       

             Balance 2


	INPUT
	3 392
	OUTPUT
	3 392
	
	INPUT
	3 392
	OUTPUT
	3 392

	Meals
	1 432
	Body mass
	2
	
	Dry-matter
	492
	Dry-matter
	91

	Beverages
	532
	Faeces
	149
	
	Water
	2 226
	Water
	1 601

	Water
	754
	Urine
	1 540
	
	Gas
	674
	Gas
	1 700

	Oxygen
	674
	Water vapour
	899
	
	
	
	
	

	 
	
	Carbon dioxide
	799
	
	
	
	
	

	 
	 
	Methane
	3
	
	
	
	
	


Table 19. External metabolic material balances of Finnish population in 1995, 1000 tonnes

Balance 1   

       

             Balance 2


	INPUT
	6 336
	OUTPUT
	6 336
	
	INPUT
	6 336
	OUTPUT
	6 336

	Food
	2 674
	Body mass
	4
	
	Dry-matter
	919
	Dry-matter
	169

	Drinks
	994
	Faeces
	279
	
	Water
	4 158
	Water
	2 991

	Water
	1 409
	Urine
	2 877
	
	Gas
	1 259
	Gas
	3 176

	Oxygen
	1 259
	Water vapour
	1 678
	
	
	
	
	

	 
	
	Carbon dioxide
	1 493
	
	
	
	
	

	 
	 
	Methane
	5
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Figure 5. Metabolic material balance of Finnish population in 1995, million tonnes

5
Conclusions

The law of the conservation of matter gives a firm foundation for the material flow accounting provided that material flows are measured uniformly in mass units, kilograms or tonnes. 
This paper shows that there are many cases where unobservable flows are either absorbed or released by the registered observable flows and thus cause remarkable statistical discrepancies in balance accounts if we confine ourselves only to the apparent statistical data. 
Three such cases are handled: moisture changes of products especially at the beginning of the refining process chains, fuel combustion and biological metabolism of domestic animals and humans. 
However, exact methods can be developed to link the unobservable flows to the observed data. These methods are based on the basic physical and chemical properties of matter and thus they are firmer than e.g. relations based on the behaviour of economic institutions.

The methods can be included in the computer software routines of the material flow accounting and thus they will ease the compilation of material balances in future.
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extraction

materials

(O, N)

goods

waste

goods

waste

to stocks

to air

vapour

waste

use

extraction

O - I

1

Agriculture and fishing

33

15684

30666

5045

711

15028

22742

17883

22566

0

440

5488

18723

76

24748

33

89908

89957

49

2

Forestry, logging etc

21291

47079

0

299

51

119

0

46222

0

0

857

283

106

0

4

21291

68839

68763

-76

3

Mining and quarrying

27374

69741

0

245

122

1184

7

68890

29

0

946

239

114

800

0

27374

98673

98393

-280

4

Manufacture of food products

0

16

66
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1026

8531

448

6593

556

0
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2339

894

0

0

10847

11575

728

5

Manuf.of beverages & tobacco

0

0

739
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10

894
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0

136
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0

0
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-32

6

Manuf of textiles etc

0

0

0
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1
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1

0
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107
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0

0
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Manuf of wood & wood products

0

0

6
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0

0
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Manuf of pulp, paper, paper prod

0

0

0

16681

11672

43034

5173

14977

3050

0

11343

20691

22774

1219

0

0

76560

74054

-2507

9

Publishing, printing etc

0

0

0

35

72

737

0

680

24

0

126

32

50

23

0

0

844

936

92

10

Manuf of coke and petroleum ref.

0

0

0

2906

12630

2522

0

8689

281

0

4007

2905

1449

30

0

0

18058

17360
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11

Manufacture of chemicals etc

0

32

15

2326

2698

6375
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6940
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0

2079

1563
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0

0

11557
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Manuf of rubber and plastic prod
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0
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0
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92
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0

0
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-19
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645

0
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5918
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0
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0
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9471
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14

Manufacture of basic metals

0

0

0
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5509

10676

816

10162

1438

0

2690

3927

539

726

0

0

18689

19482
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15

Manuf of metal products

0

0

0

121

324

664

0

453

4

0

399

105

51

27

0

0

1109

1039

-70

16

Manuf of machinery and equipm

0

0

0

90

300

514

10

360

1

0

378

83

34

42

0

0

914

898

-16

17

Manuf of electrical equipment

0

0

0

40

156

267

1

119

1

0

177

36

17

21

0

0

464

370

-95

18

Manuf of transport equipment

0

0

0

96

119

285

20

154

7

0

280

94

34

24

0

0

520

593

73

19

Manufacturing n.e.c.

0

1

0

70

185

263

1626

182

1714

0

96

75

59

36

0

0

2145

2163

18

20

Electricity, gas & water supply

0

0

0

20650

6061

6278

1150

0

563

0

14

22834

10494

417

0

0

34139

34309

170

21

Construction

34545

15443

0

316

904

71073

2004

89023

80

0

0

295

116

226

0

34545

124285

124285

0

22

Wholesale and retail trade etc

0

0

0

259

177

712

292

0

0

0

0

257

84

1099

0

0

1440

1440

0

23

Hotels and restaurants

0

0

0

72

69

570

0

473

0

0

22

66

28

123

0

0

711

711

0

24

Transport and communication

0

0

0

5123

317

3321

0

0

0

0

0

4833

1812

707

1409

0

8761

8761

0

25

Dwellings

0

0

0

657

98

338

0

0

0

0

0

622

234

238

0

0

1093

1093

0

26

Public administration and services

0

0

0

446

151

788

74

0

0

0

0

431

176

851

0

0

1459

1459

0

27

Sewage, refuse disposal; sanitation

0

0

0

9

20

83

1

0

1633

0

0

123

3

-1646

0

0

113

113

0

28

Other service activities

0

0

0

198

95

530

159

0

0

0

0

189

70

723

0

0

983

983

0

Production activities total

83558

148642

31491

61992

46094

201109

37477

286270

37384

0

30439

70650

67188

8019

26161

83558

610363

609668

-695

Household consumption

0

0

1409

14400

1385

9263

0

0

0

158

0

15052

6914

4333

0

0

26457

26457

0

   - other goods

0

0

1409

14400

1238

9202

0

0

0

0

0

15052

6914

4283

0

0

26249

26249

0

   - durable goods

0

0

0

0

147

61

0

0

0

158

0

0

0

50

0

0

208

208

0

Government consumption

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Fixed capital formation

0

0

0

0

196

72677

0

0

0

72195

0

0

0

678

0

0

72874

72874

0

  - buildings

0

0

0

0

0

8225

0

0

0

7845

0

0

0

380

0

0

8225

8225

0

  - infrastructures

0

0

0

0

0

63865

0

0

0

63865

0

0

0

0

0

0

63865

63865

0

  - machinery and equipment

0

0

0

0

196

587

0

0

0

485

0

0

0

298

0

0

783

783

0

Changes in inventories

0

0

0

0

-64

4085

0

0

0

4021

0

0

0

0

0

0

4021

4021

0

Domestic final use total

0

0

1409

14400

1518

86025

0

0

0

76375

0

15052

6914

5011

0

0

103352

103352

0

Exports of the imports

0

0

0

0

270

0

0

0

0

0

270

0

0

0

0

0

270

270

0

Total

83558

148642

32900

76392

47882

287134

37477

286270

37384

76375

30709

85702

74102

13030

26161

83558

713985

713290

-695

Net balance

83558

148642

32900

76392

47882

0

0

0

0

76375

30709

85702

74102

13030

26161

83558

389374

389636

-262

INPUTS

OUTPUTS

TOTAL

From Domestic Nature

Human Made

To Human Use

To Domestic Nature


ANNEX 2

[image: image2.wmf]Fuel combustion balance

by industry 1995,  Version 27.6.2002

RoW

RoW

Stat.

1000 tonnes  

Unused

Raw

Water

Air

Imports

Domestic

Recovered

Domestic

Recovered

Net add.

Exports

Emissions

Water

Solid

Dissipative

Unused

INPUT

OUTPUT

discr.

Industries 

extraction

materials

(O, N)

goods

waste

goods

waste

to stocks

into air

vapour

waste

use

extraction

O - I

1

Agriculture and fishing

0

0

0

2166

263

581

0

0

0

0

0

2166

842

3

0

0

3010

3010

0

2

Forestry, logging etc

0

0

0

299

42

49

0

0

0

0

0

283

106

0

0

0

390

390

0

3

Mining and quarrying

0

0

0

245

38

39

0

0

0

0

0

239

82

0

0

0

321

321

0

4

Manufacture of food products

0

0

0

759

164

178

16

0

0

0

0

780

327

11

0

0

1118

1118

0

5

Manuf.of beverages & tobacco

0

0

0

98

17

42

9

0

0

0

0

107

58

2

0

0

166

166

0

6

Manuf of textiles etc

0

0

0

121

20

15

1

0

0

0

0

107

50

0

0

0

157

157

0

7

Manuf of wood & wood products

0

0

0

1689

67

166

1838

0

0

0

0

2095

1648

17

0

0

3760

3760

0

8

Manuf of pulp, paper, paper prod

0

0

0

16681

1198

11077

4034

0

0

0

0

20684

11459

848

0

0

32991

32991

0

9

Publishing, printing etc

0

0

0

35

3

8

0

0

0

0

0

32

12

0

0

0

45

45

0

10

Manuf of coke and petroleum ref.

0

0

0

2906

448

887

0

0

0

0

0

2903

1339

0

0

0

4242

4242

0

11

Manufacture of chemicals etc

0

0

0

1599

277

394

83

0

0

0

0

1549

783

21

0

0

2354

2354

0

12

Manuf of rubber and plastic prod

0

0

0

92

14

11

12

0

0

0

0

92

37

0

0

0

129

129

0

13

Manuf of non-met mineral prod

0

0

0

771

257

49

0

0

0

0

0

795

260

22

0

0

1077

1077

0

14

Manufacture of basic metals

0

0

0

105

78

4441

0

0

0

0

0

3923

490

1

0

0

4413

4413

0

15

Manuf of metal products

0

0

0

121

17

18

0

0

0

0

0

105

51

0

0

0

156

156

0

16

Manuf of machinery and equipm

0

0

0

90

12

15

0

0

0

0

0

83

33

0

0

0

117

117

0

17

Manuf of electrical equipment

0

0

0

40

6

6

0

0

0

0

0

36

16

0

0

0

52

52

0

18

Manuf of transport equipment

0

0

0

96

15

15

0

0

0

0

0

94

32

0

0

0

126

126

0

19

Manufacturing n.e.c.

0

0

0

70

6

7

32

0

0

0

0

75

40

0

0

0

115

115

0

20

Electricity, gas & water supply

0

0

0

20650

5977

6218

1219

0

0

0

0

22834

10494

736

0

0

34064

34064

0

21

Construction

0

0

0

316

42

53

0

0

0

0

0

295

116

0

0

0

411

411

0

22

Wholesale and retail trade etc

0

0

0

259

46

36

0

0

0

0

0

257

84

0

0

0

342

342

0

23

Hotels and restaurants

0

0

0

72

11

11

0

0

0

0

0

66

28

0

0

0

94

94

0

24

Transport and communication

0

0

0

5123

216

1306

0

0

0

0

0

4833

1812

0

0

0

6645

6645

0

25

Dwellings

0

0

0

657

91

107

0

0

0

0

0

622

234

0

0

0

855

855

0

26

Public administration and services

0

0

0

446

63

98

0

0

0

0

0

431

176

0

0

0

608

608

0

27

Sewage, refuse disposal; sanitation

0

0

0

9

1

1

0

0

0

0

0

8

3

0

0

0

11

11

0

28

Other service activities

0

0

0

198

28

34

0

0

0

0

0

189

70

0

0

0

259

259

0

Production activities total

0

0

0

55503

9418

25862

7245

0

0

0

0

65684

30682

1662

0

0

98028

98028

0

Household consumption

0

0

0

13141

490

5185

0

0

0

0

0

13554

5236

26

0

0

18816

18816

0

   - other goods

0

0

0

13141

490

5185

0

0

0

0

0

13554

5236

26

0

0

18816

18816

0

   - durable goods

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Government consumption

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Fixed capital formation

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

  - buildings

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

  - infrastructures

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

  - machinery and equipment

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Changes in inventories

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Domestic final use total

0

0

0

13141

490

5185

0

0

0

0

0

13554

5236

26

0

0

18816

18816

0

Exports of the imports

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Total

0

0

0

68644

9908

0

0

0

0

0

0

79239

35918

1688

0

0

116844

116844

0

TOTAL

To Domestic Nature

INPUTS

From Domestic Nature

Human Made

To Human Use

OUTPUTS


ANNEX 3
[image: image3.wmf]Ordinary material balance

by industry 1995,  Version 27.6.2002

RoW

RoW

Stat.

1000 tonnes 

Unused

Raw

Water

Air

Imports

Domestic

Recovered

Domestic

Recovered

Net add.

Exports

Emissions

Water

Solid

Dissipative

Unused

INPUT

OUTPUT

discr.

Industries 

extraction

materials

(O, N)

goods

waste

goods

waste

to stocks

into air

vapour

waste

use

extraction

O - I

1

Agriculture and fishing

33

15684

30666

2879

448

14447

22742

17883

22566

0

440

3322

17881

73

24748

33

86898

86947

49

2

Forestry, logging etc

21291

47079

0

0

9

71

0

46222

0

0

857

0

0

0

4

21291

68449

68374

-76

3

Mining and quarrying

27374

69741

0

0

84

1145

7

68890

29

0

946

0

32

800

0

27374

98351

98071

-280

4

Manufacture of food products

0

16

66

0

862

8354

432

6593

556

0

412

0

2013

883

0

0

9730

10457

728

5

Manuf.of beverages & tobacco

0

0

739

0

107

471

1

894

53

0

136

0

3

201

0

0

1317

1286

-32

6

Manuf of textiles etc

0

0

0

0

69

73

0

64

1

0

53

0

3

11

0

0

142

132

-11

7

Manuf of wood & wood products

0

0

6

0

761

21501

521

7279

5282

0

5399

0

4580

73

0

0

22789

22614

-175

8

Manuf of pulp, paper, paper prod

0

0

0

0

10474

31957

1139

14977

3050

0

11343

8

11314

372

0

0

43570

41063

-2507

9

Publishing, printing etc

0

0

0

0

70

729

0

680

24

0

126

0

37

23

0

0

799

891

92

10

Manuf of coke and petroleum ref.

0

0

0

0

12181

1634

0

8689

281

0

4007

2

110

29

0

0

13816

13118

-698

11

Manufacture of chemicals etc

0

32

15

727

2421

5981

27

6940

48

0

2079

13

211

366

0

0

9203

9657

454

12

Manuf of rubber and plastic prod

0

0

0

0

291

236

0

330

1

0

158

1

5

12

0

0

526

507

-19

13

Manuf of non-met mineral prod

315

645

0

582

1025

4651

462

5918

53

0

428

800

242

637

0

315

7679

8394

715

14

Manufacture of basic metals

0

0

0

1793

5431

6236

816

10162

1438

0

2690

5

50

726

0

0

14276

15069

793

15

Manuf of metal products

0

0

0

0

307

646

0

453

4

0

399

0

1

27

0

0

953

883

-70

16

Manuf of machinery and equipm

0

0

0

0

288

499

10

360

1

0

378

0

1

42

0

0

797

781

-16

17

Manuf of electrical equipment

0

0

0

0

150

262

1

119

1

0

177

0

0

21

0

0

412

318

-95

18

Manuf of transport equipment

0

0

0

0

104

270

20

154

7

0

280

0

2

24

0

0

394

467

73

19

Manufacturing n.e.c.

0

1

0

0

179

256

1594

182

1714

0

96

0

20

36

0

0

2029

2047

18

20

Electricity, gas & water supply

0

0

0

0

84

60

0

0

563

0

14

0

0

-319

0

0

75

245

170

21

Construction

34545

15443

0

0

862

71021

2004

89023

80

0

0

0

0

226

0

34545

123874

123874

0

22

Wholesale and retail trade etc

0

0

0

0

131

676

292

0

0

0

0

0

0

1098

0

0

1098

1098

0

23

Hotels and restaurants

0

0

0

0

58

560

0

473

0

0

22

0

0

123

0

0

617

617

0

24

Transport and communication

0

0

0

0

102

2015

0

0

0

0

0

0

0

707

1409

0

2116

2116

0

25

Dwellings

0

0

0

0

6

231

0

0

0

0

0

0

0

238

0

0

238

238

0

26

Public administration and services

0

0

0

0

87

690

74

0

0

0

0

0

0

851

0

0

851

851

0

27

Sewage, refuse disposal; sanitation

0

0

0

0

19

81

1

0

1633

0

0

115

0

-1646

0

0

102

102

0

28

Other service activities

0

0

0

0

67

497

159

0

0

0

0

0

0

723

0

0

723

723

0

Production activities total

83558

148642

31491

6489

36676

175247

30232

286270

37384

0

30439

4965

36506

6357

26161

83558

512335

511640

-695

Household consumption

0

0

1409

1259

895

4078

0

0

0

158

0

1498

1678

4307

0

0

7641

7641

0

   - other goods

0

0

1409

1259

748

4017

0

0

0

0

0

1498

1678

4257

0

0

7433

7433

0

   - durable goods

0

0

0

0

147

61

0

0

0

158

0

0

0

50

0

0

208

208

0

Government consumption

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Fixed capital formation

0

0

0

0

196

72677

0

0

0

72195

0

0

0

678

0

0

72874

72874

0

  - buildings

0

0

0

0

0

8225

0

0

0

7845

0

0

0

380

0

0

8225

8225

0

  - infrastructures

0

0

0

0

0

63865

0

0

0

63865

0

0

0

0

0

0

63865

63865

0

  - machinery and equipment

0

0

0

0

196

587

0

0

0

485

0

0

0

298

0

0

783

783

0

Changes in inventories

0

0

0

0

-64

4085

0

0

0

4021

0

0

0

0

0

0

4021

4021

0

Domestic final use total

0

0

1409

1259

1028

80840

0

0

0

76375

0

1498

1678

4985

0

0

84536

84536

0

Exports of the imports

0

0

0

0

270

0

0

0

0

0

270

0

0

0

0

0

270

270

0

Total

83558

148642

32900

7748

37973

287134

37477

286270

37384

76375

30709

6463

38184

11342

26161

83558

597141

596446

-695

TOTAL

To Domestic Nature

INPUTS

From Domestic Nature

Human Made

To Human Use

OUTPUTS




















� The material of this and following chapter are based on the manuscript Mäenpää & Vanhala (2002).
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