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Physical input-output
tables (PIOT) -approach
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Minimum required, recommended and desired

SEEA datasets (draft)

z 3 [Keyagoreoates
(desired)
Physical flow accounts
Full set of supply and use tables for materials X
E-W material flow accounts (materials use) x Domestic material consumption
PSUTS for water (water use) | Total water consumption
PSUTSs for energy (energy use) | Total net energy consumption
At emissions accounts Net emissions to air
|Water emissions accounts X Net emissions to water
\Waste accounts x Net emissions
Monetary flow acocunts
Environmental Protection expenditure Accounts | Total environmental protection expenditure
Resorce Use and Management Expenditure Accounts x | Total resource management expenditure
Environmental goods and Services Sector x EGSS: total value added and employment
Environmentally related payments to government | Total environmental taxes
Environmentally related payments by government X | Total environmentally motivated subsidies
Emission permits x
permits and licences to use environmental assets x
|Costs related to termination of fixed assets x
[Asset accounts. Depletion (in physical and monetary terms),
Mineral and energy resources x
Land (forest) x
Soi resources x
| Timber resources x
Fish resources X
|Other biological resources x
Water resources X —_
n
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Flows between the economy and the environment
Figure 2.2.1 Physical flows of natural inputs, products and residuals
Environment
Economy : oy
System of Environmental-Economic Accounting Central Framework 5
il 7
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Flows between the economy and the
environment
= Natural inputs:
material, air, water, space, light, heat, wind, other flows
= Products in the economy:
raw materials, intermediate products, final products (e.g. by CPC)
= Residuals:
waste, emissions into air, emissions into water,
residuals from dissipative use of products, dissipative losses,
natural resource residuals
3
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Stocks and flows in environmental accounting

Stocks 1.1. and 31.12. Flows, supply and use 1.1.-31.12.
Changes in stocks By industry and by material
= Mineral and energy resources: = Natural inputs: material, air, water,

metals, other minerals, oil, gas, space, light, heat, wind, other flows

I, peat .

codl, pea = Products in the economy:
= Land (space) raw materials, intermediate products, final
= Soil products
« Timber: cultivated, natural = Residuals: waste, emissions into air,

emissions into water, dissipative residuals

= Aquatic resources: cultivated, natural and losses, natural resource residuals

= Other biological resources

= Water: surface, ground, soil water = Environmental expenditures,

= Environmental goods and services
= Environmental taxes and transfers
= Env. licences, emission trade

= Growth, discoveries
= Extraction, natural losses, catasrophes
= Reappraisals, revaluations

.',’,%’. Tilastokeskus

SEEA CF: Supply and Use Table

Table 2.3.2 Basic form of a Physical Supply and Use Table*

SUPPLY TABLE

Industries | Houscholds | Accumulation | Restof the | Ensironment | Tolals

World
Natoral Flows from the | Total supply of
inputs enviroament nauwral inputs
Products Output Imports Total supply of
products

Residuals, Rosiduals | Residuals Residuals from “Total supply of

generated by y | scrapping and residuals

industry houschold final | demolition of

consumption | produced
assets

USE TABLE

Tndusiries | Houscholds | Accumulation Eavironment | Totals
Natural Extraction of Total use of
Inputs natoral natural inputs

inputs
Products Tntermediate | Household Gross Capital ol use of

consumption Formation products
Residuals Collection & Accumalation Residual flows | Total use of

treatment of of waste in direct to residuals

waste and controlled eavironment

other fandfill stes.

by

* Note: Grey cells are null by definition. Blank cells may contain relevant flows. These flows are

explained in detail in Chapter 3. 8
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Economy-wide material flow accounts
Inputs (origin) Economic activities by NACE Outputs (destination)

[Agriculture and fishery
Forestry
Mining and quarrying
Food and beverage industry
[Wood and paper industry
Ol refinery and chemical industry
Metal industry
Other industries
Energy supply
| Water supply and waste management
Construction
Trade
Land transport
Water transport
[Air transport
lated to transport

Other services and goverment
Households
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Main groups of the material flows in physical
flow accounts

= From environment to environment
« unused extraction
= From environment to the economy
« raw materials
o air
« water
= From economy to economy
« products
« residuals
« net accumulation
= From economy to the environment
« emissions into the air
« water vapour
« discharges into water
« dissipation

« indirect inputs of imports

m
.',’,f,, Tilastokeskus
Total material balance, Finland 1999, million
tonnes
Raw Net
meterials laccumulation
178 122
Bxport 45
@ | Ay | Ersmors
IZEED ‘""g;p“ i
‘ :f:l‘.rl Vl\ge'vapu> Dischargesintowater 05
anie«rmi§ Tnssdedadion, Dsmie0s
8 2
Indirect
inputs
of inports.
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PIOT + E-W MFA
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Difference between PIOT and E-W MFA

W MEA: ORIGIN PIOT: INPUT PIOT: OUTRUT W MEA: DESTINATI
27 119]oor 71
Raw matrals w2571|  Rawmatras 172571
Water il Water % 139
Arom O 11641
impans 0 eorfimports ot
» s domestc use | 367422
G st5201  Commaries 31930g
Recowred aste ] Recowred vaste w124
e 7 77e|Final waste am
exports asefexpons aasey
o sck ows) | 79717
P o
Fied copiclfomaion | 79138|  Fivcd copialomaion | 79138
Changes in mentares a7 Changes nmentories P
Landils 21169
omesic processed autput
finemmez 229061} naure 210229
Enissons o 2573 Emisions o ar 120736
e Jrop pu—— 103538
Discharges o vaer P! Qe —— p
Dispatne e oo Dsspane use e
Lanils o169
unused extracion 55 acnfunused extracion 55 08{unused extacion 55 a6funused oxvacion P
rora 450 s2efromaL o1 stg|oraL os3 sefroras a0
)
il
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PIOT or E-W MFA or combination of them?

PIOT E-W MFA framework

= Full PIOT by branches of = Based on existing statistics
industry very resource = | - Agriculture, mining,
deriving construction, import

= Detailed picture of = O - Waste, emissions into
‘physical’ economy air and water, export, NAS

= Needs further use in = Partially by branches of
modeling etc. industry

= Can be done for selected . Key indicators for material
branches of industry or efficiency in the EU

selected flows, e.g. energy
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Assessment of the environmental impacts of material flows
caused by the Finnish economy with the ENVIMAT model
(Thule-institute of University of Oulu, MoE, FEI, Agrifood Research centre etc.)

= ENVIMAT model can be used to analyze the relationship between
material flows, environmental impacts and economic impacts.

= The model is based on monetary and physical input-output tables
and on environmental life cycle impact assessment. it represents
so-called environmentally extended input-output analysis (EEIO)
tools.

= The assessment takes into account both the environmental
impacts caused by domestic activities and imports.

= The assessment of imports was conducted in an exceptionally
detailed manner. The contribution of exports to all Finnish
industries was also assessed. Finnish consumption was analyzed
from the perspective of individual and collective consumption.
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i NVIMAT: Environmentally extended input-output model

Economic activities Final use

Intermediate consumption

Value added
-incomes from capital
-incomes from work

Investments

Public consumption

?
s
B
©
-
15
2
o
8
w

Private consur

.',’,1,. Tilastokeskus

ENVIMAT®*®" basic scenario

Level Growth Change %
2008 2030  %/v__ 2030/2008

Human Population, 1000 persons 5313 5850 04 10
Employees, 1000 persons 2704 2736 04 1
Economy GDP Mrd € 2008 prices 186 251 14 35
GDP per capita 1000 € 35 43 09 23
NDP per capita 1000 € 30 3 08 19
Household consumpt. per cap. 1000 € 17 2 11 29
Private consump. Per capita 1000 € 23 30 12 30
Employment  Employees 1000 mly 2531 2550 00 1
Employment rate % 64 68 03 7
Productivity of work ke/mly 73 98 13 34
Nat. resources  Domestic extraction (DE) Mt 183 314 25 72
Raw material consumption (RMC) Mt 212 235 05 un
RMC per capita, tons 40 40 00 1
RMCIGDP, g/€ 1139 936 -09 -18
Energy Total energy consumption, TWh 393 472 08 20
End use of energy, TWh 303 319 02 5
Energy/GDP, kWh/€ 16 13 11 22
Share of renewable energy, % 307 416 14 36
Emissions GHG Mt CO2 ekv 704 529 13 25
GHGIGDP, gl€ 379 2u 26 -44
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Development of material flow indicators

| I P
Population, 1000 persons 5313 5850
GDP Mrd € 2008 prices 186 251 35

208 331 59

209 239 14

ET 4
t/person 39 41 4

894 758 -15

889 1051 18
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ENVIMAT results

= One of the most important findings is that half of the Finnish economy’s
environmental impacts are due to the manufacturing of imported
products. Greenhouse gas emissions generated outside of Finland are
equivalent to about 70-80 % of domestic emissions.

= In the context of other environmental impact categories besides climate
change, the contribution of external impacts is even greater. In addition,
the Finnish economy consumes as much natural resources abroad as it
consumes domestic resources.

= Domestic consumption and investments (referred to collectively as final
demand) cause a little more than half of the Finnish economy’s
environmental impacts. Less than half of the environmental impacts are
due to exports. The impacts of domestic final demand are somewhat
greater than those of the Finnish export industry.
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ENVIMAT results

= Most of the environmental impacts of domestic final demand are caused
by housing, food and private transportation. The contribution from letting
and owning of dwellings, public transport and other services is about 40
% of the environmental impacts of domestic final demand.

The ENVIMAT model is advantageous in constructing a rough life cycle
based environmental impact assessment for different products and
product groups. A particularly important application area is calculating
the carbon footprinting of products. Furthermore, the model can be used
for analyzing the consequences of different activities regarding product
chains and the economy. In the future, the model will be used for
assessing temporal changes in the economy, for monitoring sustainable
development, for planning the measurement of climate change and for
identifying important factors in the economy including an assessment of
their impacts.
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Development of energy
accounts in Finland

Study visit of ICBS
25.8.2014

Jonna Hakala
jonna.hakala@stat.fi
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Energy accounts in the EU

= Physical Energy Flow Accounts are one module of
environmental accounting regulation of the EU

= The module came into force in 2014, and accounts on
years 2014 and 2015 have to be reported to Eurostat
in 2017

Jonna Hakala 25102013 22
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Physical Energy Flow Accounts (PEFA) 1(2)

= Supply-use tables including all energy forms and fuels
= Basic structure adopted from the System of
Environmental-Economic Accounting (SEEA)
« Natural inputs, products, residuals; more than 100
items
« All branches of industry (NACE A*64), households,
accumulation, import and export, environment

= Unit: Terajoule

Jonna Hakala 25102013 23
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Physical Energy Flow Accounts (PEFA) 2(2)

= Supply and use of energy are balanced
= The main differences with respect to energy statistics:

« Branches of industry highly disaggregated,
especially in manufacturing industries and services

« Private transport is included in the household sector
« Residence principle as in National Accounts

« Environmental aspect

Jonna Hakala 25102013 2
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Energy flows

= NATURAL INPUTS
(RESOURCE FLOWS, energy statistics classification)
+ Non Renewables
« Uranium and thorium ores
Hard coal
Lignite/Brown coal
« Peat
Crude oil
Natural gas liquids
« Other hydrocarbons
« Natural gas
«  Renewables
« Hydro power
« Wind power
Solar thermal (resource: solar radiation)
Solar PV (resource: solar radiation)
Tide, Wave and Ocean
Geothermal energy
Biomass for energy use

= PRODUCTS (PRODUCT FLOWS, CPA classification)
« Wood, wood waste and other solid biomass
« Hard coal

Lignite, peat and derivatives

« Crude oil

Coke
Motor spirit

Kerosenes and jet fuels
Gas/Diesel oil

« Liquid biofuels

Electrical energy
Derived gases

« Biogas

« Derived heat

« Municipal wastes (renewables, non-renewables)
« Industrial wastes

)

= RESIDUALS (RESIDUAL FLOWS)
« Waste
« Losses during distribution/transport
« Losses during transformation
« Dissipative heat or end use losses

Somma ke 102015 »
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Branches of industry (NACE rev.2)
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Energy accounts in Finland
= Energy accounts were the first application of Natural
resource accounting compiled at Statistics Finland in
late 1980s, on 1985 data
= The application was updated in 1995, on 1990 data
= Project on energy accounts in Finland started in spring
2012
Somma ke 2102013 o
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Project organisation

= Project group consists of experts on
« environmental accounts
« energy statistics
« air emission statistics and accounts
« monetary supply-use tables

= Units represented in the steering group
« Environment and Energy Statistics
« Greenhouse Gas Inventory
« National Accounts

Jonna Hakala 25102013
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Objectives

= Develop a methodology to compile energy accounts
regularly

= Compatibility with other modules of physical and
monetary environmental accounts (e.g. air emission
accounts) and energy statistics (note: conceptual
differences)

= Compilation system of physical supply and use tables for
energy flows in Finland 2008-2011

= [dentification of elements of energy accounting calculation
system that could be integrated into planned production
system of energy statistics

Jonna Hakala 25102013
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Challenges

= Different approach than in energy statistics
« residence principle, private transport, environment

= The availability and quality of the data at the detailed
classification levels required for product flows and
branches of industry (NACE A*64)

= Especially the energy use of the service sector is
problematic to disaggregate into such detailed level

Jonna Hakala 25102013

10
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National territory -~ |/ Sold on territory to\ Sold on territory to

Rest of the World

The main steps 1(2)

Identification of data sources

« Energy statistics: e.g. statistics on energy use in
manufacturing and production of electricity and heat

« Monetary supply-use tables of National Accounts:
intermediate consumption of energy products

« Finnish Customs: imports and exports of energy
« Air emission accounts: e.g. bridging items

« Waste statistics: industrial waste generation by branches of
industry, used for energy production

« Other data sources

Jonna Hakala 25102013
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Resident -principle

Residents Non-residents

.-

< resident units

non-residents

Sold to residents
operating abroad

Energy
accounts
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Data sources for monetary supply-use tables

11

The most important data sources are national accounts, structural
statistics on manufacturing and products, structural statistics on service
industries, statistics on foreign trade, the Register of Enterprises and
Establishments, corporate taxation records, source data for statistics on
central and local government and agriculture and forestry, and the
Household Budget Survey. Various other data sources are also utilised.
The inquiry on manufacturing commaodities collects value and volume
data on the production of enterprises and the materials and supplies
used for production by commodity heading. The statistical period used is
the calendar year. The annual data are collected in February. The inquiry
covers all enterprises with at least ten employees and in certain cases
smaller enterprises than this engaged in manufacturing activities.
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The main steps 2(2)

= Development of methodology and calculation system

« |dentification of links to air emission accounts, energy balance
and new production system of energy statistics

« Data modifying and aggregation, linking different classifications

« Supply and use of energy by branches of industry and energy
sources

« Balancing the supply and use

« Testing the system with 2011 data

« Improvements to calculation system
= Supply-use tables 2008-2011

Jonna Hakala 25102013 34
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Example of compiling methods:
Energy use of the service sector

= Calculation model for space heating (Statistics
Finland)

= Electricity consumption by sector (Finnish Energy
Industries)

-> Allocated to branches of industry by using monetary
supply-use tables

= Air emission accounts

-> Shares of road transport by branches of industry

Jonna Hakala 25102013 35
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Examples of compiling methods 2(2)
Water transport

= MEERI - calculation system for waterborne traffic
emissions and energy consumption (Technical
Research Centre of Finland — VTT)

-> Allocated to sea/coastal and inland water transport
using the Merchant Fleet statistics (Finnish Transport
Safety Agency)

Jonna Hakala 25102013 36
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Data sources and compiling methods
(Source: Energy Accounts, Final Technical Implementation Report)
Energy statistics

= Energy statistics and their data sources are the starting point for the
calculations of energy accounts. The most important data sources are
statistics on energy use in manufacturing and statistics on production of
electricity and heat, which cover a large part of the supply and use tables
of energy accounts.

The use of energy products is well covered in energy statistics and can
be linked to NACE branches. However, energy use of the services sector
and transport fuels are not directly available by individual economic
activities.

Energy use in the services sector is allocated to individual economic
activities by using the distribution of intermediate consumption of supply
and use tables of national accounts. Before calculating the distribution of
intermediate consumption, the transport fuels are subtracted from the
data since the use of transport fuels is calculated separately.

Tilastokeskus

Data sources and compiling methods 2

= The use of road transport fuels is allocated to economic activities and
households by using calculations of air emission accounts. The
calculations use the shares of intermediate consumption of monetary
supply and use tables in disaggregating the data of the greenhouse gas
inventory by economic activities.

Air emission accounts have also allocated emissions of working
machines to economic activities. Energy accounts utilise the same
distribution in calculating the energy use of working machines to
economic activities.

The Register of Ships maintained by Trafi and the Business Register
maintained by Statistics Finland are the basic data sources for
disaggregating fuel use of working boats. Working boats are filtered from
the Register of Ships and joined with the Business Register by business
IDs. Distribution to working boats is calculated by using the Business
Register’s data of economic activities.

Tilastokeskus

Data sources and compiling methods 3

= Coke, coke oven gas, blast furnace gas and oil data are complemented
with data from IEA/Eurostat Annual Energy Statistics Questionnaires.
Since the Questionnaires also use energy statistics’ data sources, some
overlapping or inadequacy may occur.

= Statistics on production of electricity and heat, and import data on energy
constitute the basis of energy supply. The data are complemented with
backward calculations from energy use data.
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Data sources and compiling methods 4

Energy use of Finnish residents abroad - land transport

= Bridging items of road traffic are Finnish residents’ energy use abroad,
and non-residents’ energy use in Finland. Energy use of Finnish
residents consists of fuels used in international lorry traffic and bus
traffic, and of fuels used in cars of Finnish residents (households)
travelling in foreign countries.

= Data on vehicle kilometres of Finnish trucks abroad are available from
Statistics Finland’s statistics on goods transport by road. Vehicle
kilometres of Finnish buses abroad are recorded by the Finnish Bus
Association. Total vehicle kilometres of lorries and busses in Finland and
diesel oil use of lorries and busses are provided by the road traffic
calculation model LIISA from the Technical Research Centre of Finland
(VTT).

Tilastokeskus
Data sources and compiling methods 5

Energy use of Finnish residents abroad - land transport

= Statistics on vehicle kilometres or fuel use of Finnish tourists abroad are
not directly available.

Statistics Finland’s tourism statistics include data on the number of
Finnish tourists travelling abroad by car. Trips include at least one night
abroad. The number of shorter trips is estimated. In addition to that,
Automobile and Touring Club of Finland (Autoliitto) surveys provide
information on the average vehicle kilometres of Finnish travellers
abroad.

By combining this information with information on vehicle kilometres of
private cars in Finland provided by the VTT's LIISA model, it can be
calculated that the fuel used by Finnish car travellers abroad is
approximately two per cent of the fuel used by private cars in Finland.

’%’ Tilastokeskus

Data sources and compiling methods 6

Energy use of Finnish residents abroad - air and water transport

= In the greenhouse gas inventory system, only fuels used in traffic
between Finnish airports and harbours are taken into account. Direct
information on residence/non-residence of units operating between
Finnish ports and Finnish airports is not available. In addition to this, the
inventory includes bunker fuels, which are sold to foreign traffic.

= Purchases of bunker fuels by foreign non-residents are taken from
national accounts, in which they are recorded as exports of fuel.
Respectively, purchases of bunker fuels by Finnish residents abroad are
recorded into national accounts and supply-use tables as imports of fuel.
When the total intermediate value of residents’ domestic water and air
traffic is known, fuels used in Finnish international water and air traffic
can also be calculated (bridge table rows 2.3 and 2.4). Value information
from supply and use tables is converted into energy content.
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Data sources and compiling methods 7

= The aggregated sectoral data are combined into one set of data. For
certain energy products (e.g. hard coal, natural gas, industrial wood fuel)
total energy consumption is known. The combined data are adjusted so
the energy use of these energy products is equal to total energy
consumption.

= After the energy use is balanced, backward calculations are made from
use data to complement the supply data (e.g. production of biogas, wood
fuel, waste). Bridging items are added to the complemented data and
losses to environment and non-energy use to accumulation are
calculated.

.',’,f,, Tilastokeskus

Data sources and compiling methods 8

= Losses and non-energy use are balanced by calculating the energy use
from energy supply data. Oil products are balanced by recording the
difference to NACE branch 19. This is done to improve the quality of oil
data. The backward calculations that were done to complement supply
data also balance supply and use automatically.

= The remaining differences between supply and use by PEFA classes
and NACE branches are recorded in the use table in row and column
titled ‘Statistical Differences’. The differences are left visible to be more
transparent and to spot the bigger differences. Balancing the supply and
use is one point for development after the project.

""I"' Tilastokeskus
Items of the bridge table in 2008 to 2011

2008
2009
2010

201

15 a 5 10 18 20 25 30 35
PJ
M Air transpart - residents abroad
Water transport - tesidants abroad
Land transpert - rasidants abroad
Land transport - non-residants on territory
W statistical discrepancies

15
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Supply table 2011 in terajoules (preliminary

data)

Supply A B c D E F H G,I-S  House- Restof Accumu- Environ-  Total
table Agri- Mining  Manu-  Energy Water Cons-  Trans- Trade, holds the  laton ment  supply
culture,  and facturing mana-  supply, truction portation, other world
forestry, quarrying gement  waste storage ~ service
fishing mana- tivities,
gement administ-
Natural 473694 473694
energy
Pt
ooy | 061 s w2 201405
products
Energy 38271 5758 543379 301992 2553 37488 166760 134995 274788 229484 1735469
residuals|
Tod | W woimesw i oms Siam s 148 a7umioes 20 s su3EL
supply
s
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Use table 2011 in terajoules (preliminary data)

Use A B [ ) E F H G,I-S  House- Restof Accumu- Environ- Statistical Total
table | Agri- Mining Manu- Energy Water Cons- Trans- Trade, holds the  lation ment diffe- use
culture, and facturing mana- supply, truction portation, other world rences

forestry, quarrying gement waste storage ~ service
fishing mana- activities,
gement administ-
ration
Natural | 106120 321335 46238 473694
enerey
inputs
Energy 382711 5758 1207328 657140 2428 37488 166760 134995 274788 330355 14 165 45182 2914 658
products
Energy 218447 10912 125 45511 1460474 1735469
residuals
Statistical -45243 19875 25368 0
diffe-
Total 144392 3270931380532 734165 2553 37488 166760 134995 274788 330355 50676 1460474 70550 5123821

-
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Hybrid table 2011 (total energy use is
preliminary)
Total energy Gross value
use emissions Energy taxes  Output added Employment
T tonnes EUR million  EUR million EUR million 1000 persons

Households 274788 5364 252 1214

Total industries 2927978 55411002 2662 380 370 170 454 2516

A Agriculture, forestry and fishing 144392 1733998 121 9266 4649 115

B Mining and quarrying 327093 302810 13 2179 810 7

C Manufacturing 1380532 16539413 563 119 260 32164 369

D Energy management 734165 21074 156 215 8034 3812 13

E Water supply and waste management 2553 334109 35 3167 1554 12

F Construction 37488 1834897 178 30 130 10905, 194

H Transportation and storage 166760 11300 959 728 22918 8715 155

G, IS Trade, other senice activties, administration 134995 2290 662 809 185241 107 670 1641

T Household senice activities 175 175 9
-

16




