v Ve PROJECT N. 037033

Il
POL EexioroL
@ . 7 A NEW ENVIRONMENTAL ACCOUNTING

FRAMEWORK USING EXTERNALITY
- S DATA AND INPUT-OUTPUT TOOLS

é;_é = FOR POLICY ANALYSIS
= 7

Using the EE detailed global Input-
Output database to calculate external
costs

A tutorial for using CMLCA with the EXIOBASE data
October 2011

EXIOPOL project






Executive Summary

This report is not a formal deliverable of the EXIOPOL project, but it is a tutorial for
using the CMLCA software with the EXIOBASE data to calculate external costs and
other relevant indicators. As such, it presents an important document to disseminate the
central results — I0-data, externalities, and tools for analysis — to a permanent audience
of policy officials, employees of statistical offices, and researchers.

The central elements are the EXIOBASE data, the external cost factors, and the CMLCA
software. EXIOBASE, together with some of the external cost factors, will be made
available through the website http!/www.exiobase.eu/. The CMLCA software can be
downloaded from http:/www.cmlca.eu/.
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Introduction

1 Introduction

1.1 EXIOBASE, CMLCA, and their relation

In the EXIOPOL project, a large number of external cost factors have to be
combined with a huge input-output table, to provide policy-support on
environmentally relevant issues. This sections discusses the role of EXIOBASE
and CMLCA in doing this.

1.1.1 EXIOBASE

To be able to host and systematically process the input-output data, the
EXIOBASE software has been developed. EXIOBASE is three things:

e it is a relational data model for environmentally extended multi-region
supply-use tables and additional information;

* it is software to import, process, and export these data;

e it is a large number of data sets on supply-use tables, satellite tables,
trade, and auxiliary data.

For the database part, implementation in Microsoft Access, MySQL, and Derby
have been developed. The software for import, processing, and export has been
written as a Java program. The datasets are available as Microsoft Excel
worksheets.

The overall architecture of EXIOBASE is shown in Figure 1.
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Exiobase
trade input-output
linking table creation
import single country interlinked country interlinked country
templates supply use tables supply use table input output tables
] = = aiQiaiQ:’ )| cMLcA
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Information - &
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: data flow

Figure 1: Overall design of EXIOBASE.

Although the EXIOBASE software contains routines to do calculations
(primarily for trade linking and creating input-output tables), it focuses on the
data, not on the analysis of the data, and not on the analysis of scenarios. For

analysis, the CMLCA program is used, and an exchange facility between
EXIOBASE and CMLCA has been developed within the EXIOPOL project.
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EXIOBASE is an important end result of the EXIOPOL project, and it will not
be updated as such because the project has ended. However, many of the ideas
that have been explored will continue to be used, in new projects and tools, such

as CREEA, EUREAPA and WIOD.

EXIOBASE, as a program, has not been developed for a broad audience, because
it is not intended to be used by the public in general. The 10-data it produces are
available in a format that can be imported by CMLCA, and as a consequence
CMLCA is the vehicle for doing IOA and calculating external costs.

1.1.2 CMLCA

The CMLCA has program has been around for more than ten years, primarily as
software to do calculations and analysis for LCA. It had already been extended
with facilities for input-output analysis, to support EIO-LCA and hybrid
analysis. It has also been used for pure EIOA studies, such as the EIPRO
project. Within the EXIOPOL project, CMLCA has been adapted for enabling
multi-region IOA and EIOA, and a more powerful 10 interface has been
developed. Today, you will explore the EXIOBASE data using the CMLCA
software.

CMLCA has been programmed in Delphi, and is available from a separate
website, http://www.cmlca.eu/. It is a Windows application, but in our
experience, users of Linux or MacOS are often be able to get it running as well,
although perhaps without some less important functions.

CMLCA does not contain supply-use tables, but starts with the input-output
tables that EXIOBASE produces. In fact, importing the result of EXIOBASE will
feed CMLCA with an input-output table, a satellite matrix, and final demand
vectors.

The external cost factors from EXIOPOL have been processed manually into
CMLCA. In addition, some other frequently used impact system have been
inserted manually, including:

e the EUROSTAT NAMEA impact categories GWP, ACID and POMF;
e the LCA baseline impact categories from CML-IA;
e a number of footprints for water, land and energy.

On top of these impact data, the results of EXIOBASE can be added. In its
ultimate form, one obtains a system with the following features:

e 44 countries;

e 129 industries (for an i*i table) or commodities (for a p*p table);
e 196 air pollutants;

e 16 factor inputs;

e several hundreds of land use types, energy use types, water use types,
resource use types, and other extensions;

e 7 final demand categories;
e 308 final demand vectors;

e 122 impact categories;
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e 7 impact assessment methods.
Altogether, this gives the following matrices:

e a technology matrix with input-output coefficients of 5676 rows and
columns;

e 3 satellite matrix with environmental and economic coefficients of 15144
rows and 5676 columns;

e g final demand matrix of 5676 rows and 308 columns;
e a direct extensions matrix of 15144 rows and 308 columns;
e g characterisation matrix of 308 rows and 122 columns.

This is a system size for which Microsoft Excel is no longer useful, and which
also in Matlab or GAMS can be cumbersome. Problems with memory overflow
and performance can be expected. Moreover, although some of the
computational steps are straightforward (e.g., calculating a Leontief inverse),
some other routines and types of analyses require a careful implementation
(e.g., doing a Monte Carlo analysis). It is for this purpose that CMLCA has been
optimized in the light of the EXIOPOL project.

1.1.3 Purpose of this tutorial

This tutorial is on getting started with CMLCA using the EXIOPOL data on
input-output and external costs. It focuses on the most important functions in
EIOA: loading the data, viewing the different types of data, calculating
emissions, resource use, and impacts, and analyzing emissions, resource use,
and impacts in terms of contributions, multipliers, etc. This tutorial does not
give a full explanation of CMLCA. The program itself is pretty intuitive, has a
help facility (in almost all screens you may press F1), also including tutorials,
and demo project files are available from the CMLCA website.

Because the full EXIOBASE data is quite huge, this tutorial concentrates on two
smaller datafiles that been derived from the full EXIOBASE data.

e One is a file for 18 regions instead of 44: it has aggregated all EU
countries into one country. For the rest, the data set is complete, it
includes extensions, final demand vectors, external cost factors, etc.

e The other one is a file for 2 regions: all EU countries together, and all
non-EU countries together. This file also contains some impact factors,
but no external cost factors.

Most of the examples in this document are on the two-country version: it is light
and fast, and still sufficiently rich to show what’s in the EXIOBASE data and
CMLCA.

1.2 Basics of CMLCA

CMLCA is a Windows program that has all the features of what you expect from
such a program: menu-driven, visual controls (buttons, checkboxes, etc.),
context-sensitive help, intuitive interface.
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In this section, we will explore the main screen and the logic of the architecture
of most important screens.

1.2.1 The main screen

w!. CMLCA - Izl_I0T_externalcosts.lca _[O]x]
Project  Goal and scope definition  Inventory analysiz  Impact assessment  Interpretation  Special  View Help

r—10A Framework:

rBasicdata———— rBasicresults——————

Data and choices Results

Impact: —Analysi

Data and choices

Results Besulls

Project and system management

|0 products [15144 extensions |308 akematives |0 processes |5676 industiies [12 categoiies |Dtatals 1far 2

Figure 2: Main screen of CMLCA when the EXIOBASE data have been loaded.

Figure 2 shows the main screen after loading the EXIOBASE data. There are
four areas of interest:

e the title bar shows the name of the program and the data file.
e the menu bar at the top contains many commands;

e the central area gives a number of quick access short-cuts to the mostly-
used menu commands;

e the status bar at the bottom shows the main contents.
The quick access part is divided into four areas of activity:

e Basic data, viewing and editing the I0-data including the extensions and
the final demand vectors;

¢ Basic results, calculating the activity levels and extensions for a certain
final demand vector, and showing the Leontief inverse;

e Impacts, an optional part for calculating the impacts related to the
extensions, e.g., in terms of climate change impact or external costs;

e Analysis, offering more advanced types of results, such as a multiplier
analysis.

Almost all commands open a new form, with buttons, tables, etc.
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1.2.2 More details or less details

Many of the forms of CMLCA can contain a lot of information or options, too
much for a beginning analyst. CMLCA therefore offers a way to reduce the loads
of controls, and to restrict the forms to what really matters. For that purposes,
most forms have a button with the title More or Less.

v More | *Less |

Figure 3: The button with caption More or Less to reveal or hide less-used functions.

If you cannot find what you're looking for, try this.

More generally, the Program options (use the menu View, the quick access
Project and system management, or the F11 button from the main screen) helps
you to set the level of detail that corresponds to your situation.

Program options m

User interface |£isual settingsl gutomationl ﬂamingsl Storage of settingsl

Main screen
* Scope-dependent soreen - Classic CMLCS or (04

= Classic CMLCA - giving direct access to the most imparkant functions
= 150-LCA - using the famous LCA "loga

104 - a dedicated input-output interface

User skil

1 - Student - without advanced features - with intermediate results
2 - Consultant - with zome advanced features - without intermediate results

i 3 - Scientist - with all advanced features - with all intermediate rezulks

Figure 4: The form with program options, allowing you to define your user skill.

1.2.3 Program and data

CMLCA does not know anything by itself. It doesn’t know that there is an
industry with the name Cultivation of wheat, that there is a country with name
UK, that CO: is a pollutant, and that kg is a unit. All this information is in
EXIOBASE, and EXIOBASE has produced an XML-file that has been imported
into CMLCA. CMLCA has stored this information as a *.lca file. Such files are
referred to as project files. They contain data, names, and settings, but not
results.

Starting CMLCA will not automatically load the information from EXIOBASE,
just like starting Word will not automatically load what you’ve already typed the
day before. You need to open the one of the *.lca files, like you open a *.doc file



Introduction

in Word. You can use Project — Open project from the menu, or ctrl-o to open a
* lca file. You can only open one such file at a time.

You can view what is inside and do calculations. You can also make changes to
the data. These changes are in the temporary memory, so doing calculations will
then work on the modified data. As long as you don’t save the data, all changes
will be non-permanent. Use Project — Save project from the menu or ctrl-s to
keep changes in a new or modified project file.
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2 Exploring the contents of the EXIOBASE data in CMLCA

2.1 Starting CMLCA and opening the EXIOBASE data

CMLCA 1is downloadable from its website, http!/www.cmlca.eu/. Go to the
download page, and download version 5.2.

This will yield a file cmlca52.zip. Unzip to a suitable folder, e.g., C:\Program
Files\CMLCA. This will produce a number of files and folders. The file
CMLCA.exe is the application. Run it, for instance by double-clicking. No
installation is needed.

The CMLCA package does not contain the EXIOBASE data. The zip file in
which this tutorial was found also contains two datafiles:

e PxP_ita_no_src_two_region.lca;
o IxI_fpa_eu_aggr 3laugust2011.lca.

Go back to the CMLCA program. On starting, it you will see a small welcome
screen.

Welcome to CMLCA m
Tazk

= Start new I LCa&, ¥ I project

f* Open existing project

" Open help and manual

Cancel |

Figure 5: The welcome form of CMLCA.

Choose Open exiting project to open a project file. You will see a file dialog.
Navigate to the EXIOBASE project files, and select the file
PxP_ita_no_src_two_region.lca. Now, CMLCA will open this file and read its
contents into memory. After a while it will show the main screen. The title bar
will now show the name of the datafile, and the status bar will show what data
elements are now in the program.

The main screen’s quick access part with Basic data provides access to the most
important elements of the opened project.

2.2 Exploring the main settings

First, go to Basic data — Scope. This shows the main settings of the project. For
instance, it is an IOA, not an LCA, it has several types of extensions, etc. The
scope definition controls the main settings of the project. Switching certain
options on or off will also affect which buttons are visible in other forms. For
instance, switching off the direct extensions of the final demand will hide them,
and will neglect them in the calculation as well.
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Question 1: Is it an industry-by-industry table or a commodity-by-commodity
table? And is it a coefficient matrix or a transactions matrix?

Scope definition m

r— Technological system [activities and links] Alternatives [final demand scenarios)
Dataformat——————— r10A& Farmat———— Final demand vectar—— ¥ Include direct extensions
" Process analysis [LCAype] | | € Industryindustry " Functional unit (LCAtwpel | [ Allaw analsis of trend
& 10-analysiz [|0A-type] * Commodiby*commodity * Basket [|0Atype]
€ Hybrid LCA-E]ID&

[V 104 coefficient matris »
Include

104 unit I[U2] W.ELR vl W Impact azzezsment —Financial information—————

I Uncaainties I Frices af products

Satellite system [extenzions] [ Prices of extensions

W Advanced analysis

[ Erwironmental [" Direct impacts [ Costs of altematives

A Block structure [129/7/0] ...
[v Economic [~ Prices of commadities
[vw Social Eureney [FUR ¥
v Dther

Presets ... | Pririk .. Cancel |

Figure 6: The scope definition form of CMLCA.

Because CMLCA can handle industry-by-industry tables as well as commodity-
by-commodity tables,

2.3 Exploring the 10 data and extensions

The command Basic data — IO matrices will bring up the matrix viewer/editor
for the data from industries. It can show all sorts of matrices. By default, it
starts with the technology matrix, but it can also be switched to the satellite
matrix, the final demand matrix, the direct extensions matrix, the matrix of
impact factors, etc.
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w!. M anage technology matrix [258 commodities[¥]*258 commodities(> ]

File Cel Bow Column katrix  Wiew
] |[|21 |[|31 |[|41 |[|51 |[|s1 |[|?1 |[I8] |[|9] |[I1D] |[|11] |[|ﬂ

M) [o0037  427E9 34269 (25E9 751E9 17268 [14EE  (2E7ES 000199 000126 000122 O

02] |[s76E6 00574 BAEE-  1ZIE-6 221E6 1TIES (4BIE6 0002

10.041 0.0735

[13] JE4E-B 1.35E-5 no4 1.98E-E 33E-E 1.09E-5 E4EE 0.000745 0.0873 013

[14] 3.56E-8 5.3E-5 9.36E-5 00342 1.03E-5 34E6 3536 0000577 0.00323 0.00235 n.oog2

[15] 1.32E-8 JE8E-E 8EE-7 42E-5 0.00709 223EE 207E-E 0000137 453E-E 1E1EE 2.23E-R

[I6] 33ENM 1.44E-5 27E-6 1.05E-6 1.93E-6 1.44E-5 3196 3.28E-5 117E-6 2336 8E-7

[I7] 1.77E-8 7447 337 17287 B43E-7 1EEE 1.75E-E 1.26E-B 4.04E-7 3.25E-7 27287
[18] E.83E-8 1.36E-5 347E-E n.nza7 0.0014 0m7a 0.0155 0.0205 0132 n.02z2 0.0223
[19] 4E2E12 442E7 I0E-7 5.05E-E 1.48E-E 1E2E-E 191E-E noo01? 7EZE-E 33BE-7 IMET
(0] |2.03E10  1.4EE 274E6 5.57E-7 1.12EE 71EEE 292EE 0.000434  BEFE-F 7.B2E-7 5.8E-7
[I11]  |9.95E-8 8.91E-6 9.56E-6 246E-5 47E-6 283E-6 2.06E-B noonts4  119E5S 4.05E-7 0.000125

2] |551E12  14E-5 2E7E-E A02E-7 2.89E-7 E7IEE 219E-E 4 ERE-B 8827 707E-7 42287

3] |227E-8 242E-5 4.04E-5 0000427 813E5 2795 2EES 0000133 0000422 0.00915 0.00022

[I14] |9E2E-10 213ES 0oo017 284E6 442EH noomot 2EEE-E 0000337 0.0289 0.0626 0.000334
18] |0 i i i i i i] i] 0 0 0

[INE] |5.4E-3 4 E4E-5 511EE 0000443 453E5 B42E-E 0000144 000124 0.00077 0000223 0.000328
[I17] |6.75E-3 1.86E-6 9.3E-7 5.EE-7 23EE 8.43EE 5.07E-E 3.0%E5 4.06E-5 1.79E5 0.000973
e |272E-7 0000352 0000353 0000455 0000137 0000718 7.68EE 0000244 0000187 0.000324  0.0024
L]

|258 1ows 258 columns  [Row: 2 [[12] Wheat]]| Colume: 9 ([19] Catte[EU |1 selected row 1 selected column | Cliphoard: (271] fincompatibis] v

ILI_DDDDDD—A—A—AJ:-DM—AJ:-DDD
4

Figure 7: The matrix editor, here for the technology matrix.

Question 2: What does the number in row 2 and column 9 mean? Use alt-enter
to inspect the name of the active row and column. Alternatively, use from the
menu View — Show names to display the names of all rows and columns.

Although IO tables are a frequently-used way of inspecting data, it is clear that
an 10 table of the present size is too big to handle. CMLCA has therefore also
implemented another way. The command Basic data — IO data will bring up the
viewer/editor for the data from industries.

Start this industry editor, and study it. Particularly note that there are a couple
of tabsheets.
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Commodities (258) _ (O]
Commadity (1] Paddy rice(EL, 2000] o Il I B
1: Name ete | 2. Commodities(y] in [252) | & Commoditiesiv) aut (11| & Extensions in (82] | §: Entensions out (36) | Flo_¢ | »| [ Bommodity— -
MHew
r—ldentification
Mame Paddy rice
I Copy ... |
Description I
Delete |
D |<p1.a><C_PARI> EditIDr ... |
™ Locked
Propertie
Stage |[5-|]_ j rit I[U2] M.EUR j
[~ Background [ Cut-off Attributes |
—Specification
Region I[HQ]EU j Tear ID’Z] 2000 j
Data entry
Author IEHiDbaSB Diefault authorl
Date [2011-09:2411:13:40 Today |
rDiagnoztic:
Embedding Ifully embedded industry
Balance |-|.91 M.EUR -1,
es3 |
Block |1 [EU, 2000)
Print ... |

Figure 8: The data editor, here for the commodity Paddy rice[EU].

Question 3: In the scope definition above, we saw that the technology matrix is
in coefficient form. Can we see that in the tabsheets as well?

EXIOBASE is an intrinsically multi-region system. In CMLCA, this means that
every industry/commodity shows up for every region. In the data editor, we can
see this by looking at the long list in the drop-down list at the top of the screen.

Question 4: How many blocks are there, and of what length are they?

The tabsheets refer to the inputs from other industries/commodities, the output
of the industry/commodity itself, the inputs and the outputs in terms of
extensions.

Question 5! The number that we studied in connection to the matrix editor, at
row 2 and column 9, where can we find it in this view?

Question 6: How can you see that there is trade?

2.4 Exploring the final demands

With Basic data — Final demand, we can explore the final demand vectors that
are in the EXIOBASE data. In CMLCA, such vectors are referred to as
alternatives.

10
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Question 7: Which seven types of final demand are there?

Alternatives [15]) !EI m
Altemnative I[M] Final consumption expenditure by households(EL, 2000] j <<I < I 2 | k4 |>>|
1: Name etc | 2 Commodities(v]in 3 Commodities{v) out (249) |=_1: Estensions in | 5 Extensions out (27) | [TAltemative—
 Commadity[+}— New
Label |Mame |\-"a|ue | Uit | ﬂ
[Eammest |
] |Paddy rice[EL. 2000] 16463 MEUR Copy .. |
(2] |wheatlEL, 2000] E31E3  MEUR L=zt 1)
[13] Cereal grainz nec[EL, 2000] 3.26E3 M.EUR Editeaes
[14] egetables, fruit, nuts[EU, 2000] 2.EE4 H.EUR v Locked
iscannest |
[15] Oil seeds[EL, 2000] 2.79E3 M.EUR
[IE] Sugar cane, sugar beet[EL, 2000] n.2z7 M.EUR Flim direstiom |
[I7] Flant-bazed fibers[EL. 2000] 2.83E3 M.ELR
8] |Crops neclEL, 2000] 115E4  MEUR Tizanser |
9] |catieEU, 2000] 0.0176 M.ELIR Foi |
0] |Pigs(EL. 2000] 0.541 M.EUR
(11] | PaultylEL, 2000] 12264  MEUR | Lo o
2] |Meat animals neclE, 2000] 0.0304 M.EUR Origin -
[113] |Animal products nec[EL. 2000] a.01E3 M.EUR
[114]  |Raw milk[EL, 2000] 3.89E3 M.EUR
[NE]  |Froducts of forestry, logging and related s 2.84E3 M.EUF
[117]  |Fizh and other fishing products; services it 5.93E3 M.EUR “* Less |
[18] |Coalandlignite; peat [(10JEL, 2000]  1.34E3  M.EUR
[19]  |Crude petraleum and services related to o 0,23 M.EUR Piint .. |
[120]  |Matural gas and services related to natura 2.05E3 M.ELR
1211 | ither nebialeom and nasens mateialsIFL D3R8 W FLIR LI

Figure 9: The final demand editor, here for the household consumption in the EU.

Question 8: On what commodity do the European households spend most? Hint,
you can sort by double-clicking in the column header Value.

An important aspect of EXIOBASE is that the final demand vector may have
extensions as well. This corresponds to the fact that households buy product
that give emissions during use. Examples are natural gas and motor vehicles.

Question 9: Why don’t we see these example products in the list?

As we see, many final demand vectors are part of the data system. Sometimes
too many. CMLCA allows to select one or a few final demand vectors for the
calculations. Use Basic data — Select final demand to do this.

By default, everything is selected. Click Unselect all, and select the total final
demand in the EU, and in XX,

11
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W!. Select alternatives [2/15] _ [Tl x]

Selection——

Label |Mame |.-’-‘n.rnount |Unit |Functinnal fI-:I Selected |Heference
Unzelect |
[&1] Final consumption expenditure by househn - - 249
[&2] Final consumption expenditure by non-pra - . 214 . . Select all |
[&3] Final consumption expenditure by governr - - 224
Unselect all |
[&d] Gross fived capital formation[EL, 20000 - - 226
[&5] Changes in inventanies[E, 2000] . . 239 . . Sl tooll
[4E] |Changesz in valuables[EU, 2000] - - 121

rReference

[&7] Total final demand[ELl, 2000] - - 253 yes -
Select |

[&8] Final consumption expenditure by househ - . 252

[&9] Final consumption expenditure by non-pro - - 245 - - [ElEar |
[810] |Final consumption expenditure by governr - - 234 - - e
[811] | Gross fiked capital formation>2, 2000] - . 250 View/Edit . |
[812] |Changes in inventoriesf-2-, 2000] - - 206

[813] |Changes in valuables[<x, 2000] . . 245

[&14] | Total final demandfé, 2000] - - 256 yes - " Less |
[415] |[Total final demand worldfw/orld, 20000 - - 206 ST |
KIS

Figure 10: The selection of final demand vectors.

2.5 Exploring the external cost factors

Another of CMLCA is that it can further process emissions with the aid of
external cost factors (or other characterisation factors) into environmental
impacts. In the EXIOPOL project, such factors have been developed for a
number of damage categories, such as carcinogenic effects, respiratory effects,
and climate change. External cost factors are available per country, so within
the EU for AT, BE, BG, etc., and for outside the EU for CH, US, JP, etc. There is
also an average EU-value, but there is not an average XX-value. As a
consequence, no external cost factors can be appended to the two-country
datafile studied so far.

In order to illustrate the idea of impacts, another family of impact categories
have been added to the two-country datafile. It is the standard values for
climate change (GWP), acidification (ACID) and tropospherical ozone formation
(TOFP) that have been adopted by EUROSTAT in their NAMEA Manual.

Go to Impacts — Categories, and look at the first category.

12
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Categories [3)

T - |4 2 A 1
B I

emission-orented

Figure 11: The characterisation factors for the impact category climate change.

Question 10: What are the characterisation factors?
In a similar, the NAMEA family has defined factors for the other two impacts.

Question 11: There are two substances that contribute to two categories. Which
substances and which categories are these?

13
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3 Calculating with CMLCA

3.1 Calculating activity levels, factor inputs, and emissions

With Basic results — Activity levels, one computes the output levels. In 10

mathematics, this amounts to
1

x=(I-A) y

where y is the final demand vector, A the technology matrix, and x the output
vector.

W!. Inventory results - [O]x]
Altemnative I[M] Final consumption expenditure by households(EL, 2000] v|<<I < I 2 | k4 |>>|

1: Commodities(>] I 2: Extenzions | Infarmation I Diagnosis | Matices | Commodities(+] I Rescaling I |0 table I Calculation——

Malggs Caloulate |

Label |Commodities(>] |\-"a|ue |Unit | i’ 7 0

[I11] Paddy rice[EL. 2000] 3.62E3 M.EUR v <0 Settings ... |

[12] Wwheat{EL, 2000] 1.62E4 M.EUR [ =0

[13] Cereal grainz nec[EL, 2000] 202E4 M.EUR T P

[14] egetables, fruit, nuts[EU, 2000] 3.E3E4 H.EUR Contributions |

[15] Ol seeds[EL, 2000] 1.1EE4 M.EUR

] |Sugar cane. sugar beet[EL, 2000] 486E3  M.EUR Comparison |

[I7] Flant-bazed fibers[EL, 2000] 3.81E3 M.EUR

(18] Crops nec[EL, 2000] 3.42E4 M.EUR

19 |catieEu, 2000] 1.77E4 M.ELR

0]  |Pigs[EU. 2000] 2.34E4 M.EUR

111 |Poultp[EL, 2000] 2.83E4 M.EUR

[12] |Meat animals nec[EL, 2000] 9.35E3 M.EUR

[113]  |&nimal products necEU. 2000] 1.07E4 M.ELUR

[114]  |Faw milk[EL, 2000] 4.41E4 M.EUR

[HB] |Products of farestry, lagaing and related = 1.07E4 M.EUR

1171 |Fish and other fishing products; services it 9.94E3 M.ELR “Less |

[118] [Coal and lignite; peat (TOJ[EU, 2000] 9.65E3 M.EUR e |

[19] | Crude petroleum and services related to ¢ 1.78E4 H.EUR

[120]  |Matural gas and services related to natura 1.81E4 M.EUR _I

Figure 12: The results of the calculation of activity levels.

Question 12: What was the demand for paddy rice[EU] in this alternative, and
what is the output of paddy rice[EU]? What about the difference?

For economic analysis, output levels are important, but for environmental
analysis, the extensions are more interesting. These can be accessed by clicking
from the main screen Basic results — Extensions, or by selecting from the
previous screen the tabsheet for Extensions.

The formula is

14
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-1
g=B(I-A) y

where B is the satellite matrix, and g is the vector extensions.
W!. Inventory results !Elm

Altemnative I[M] Final consumption expenditure by households(EL, 2000] v|<<I < I 2 | k4 |>>|

1: Commadities(z] 2 Extensions Ilnformationl Diagnosisl Matlicesl Eommodities[v]l Bescalingl 10 tablel Calculatio
Malggs Caloulate |
Label |Extensionz |\-"a|ue |Unit | ﬂ 7 30
[E1] Tanes lezz subsidies on products purchas -1.39E5 HM.EUR ¥ <0 Settings ... |
[E2] Other net taxes on production -1.14ER M.EUR [~ =0

[E3] Compenzation of employees; wages, salar -3.47E5 M.EUR
i = a—

[E4] Compenzation of employees; wages. salar -1.37EE H.EUR Contributions |
[ES] Compenzation of employees; wages, salar -4.59E5 M.EUR

[EE] Operating surplus: Congumption of fised o -7 39E5 M.EUR Comparison |

[E7] Operating zurplug: Rents on land -2 41E4 M.ELR
[E8] Operating surplus: FRovalties on regources -1.9E4 M.ELR
[ES] Operating surplus: Femaining net operatin -1.37E6 M.EUR = Wermieized

[E10] |Compenzation of Employees: wages & sal -1.51E7 M.EUR

[E11] |Compenzation of Emplovees; emplowers g -9,06E5 M.EUR

[E12] |Employed persons -1.2E5 1000 p

[E13] |Employment hours: Low-skiled -3.09E10 hir

[ET14] |Employment hours: Medium-skilled -9.BE10 hr

[E15] |Employrient hours: High-skiled -1.95E10 hir

[E18] |COZ to aifair] 3.54E12 kg " Less |
[E19] |CH4 to aifair] 211E10 kg —— |
[E20] |M20 to airlair] 1.03E9 kg

[E21] |50 to aifair] 8.95E49 kg _I

Figure 13: The results of the calculation of extensions.

As you can see, the table of extensions contains environmental extensions (COs,
etc.) and economic extensions (surplus, etc.), and even social extensions
(employment, etc.).

Question 13: Can you understand the + and — in this table?
3.2 Calculating structure

To well-trained 10-economists, the Leontief inverse is an important asset. One
can access it by clicking Basic results — Leontief inverse.
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J Inventory results Mi=1E3
alternatiye I[M] Final consumption expenditure by househalds[E U, 2000] v|<<I < I ? | ¥ |>>|

iE CDmmodities[)]' 2 Extensions' Informationl Diagnosis  Matrices I Eommodities[v]l Bescalingl 10 tablel Calculatio
Malggs Caloulate |
(141 (01 1] |[|3] |[|4] |[|5] |[|5] |[|?] ﬂ ¥ Mo zeros
] 31E5 2535  24E5 2296 3ES 2495 | [ Onlpsian setings .|
[12] 4.94E-5 1.08 0000262 Q000228 Q000232 0000371 0.0003 Optians |
[13] E43E-H 0.00041 1.0 0.000348 0.000223 0.000438 0.00037
[14] 379E-B 0.000281 nooozas 14 0000157 0000225 00002z ] =T —
258
(5 |36E5 0000202 |0.000165  0.000203 |1.07 0.000221 | 0.00021 fons
258 colurnns
[IE] 1.56E-H 0.000m 7.31EB E.77E-B BEEZ2E-H 1 986E-H

[I7] 1.34E5 E&BIE-S B.BRE-B B.22E- 4 BEE-5 E.B5E-H 1

(18] 0000122 0000723 0000982 00329 0.0m: 0.0ss 0.0164

[19] 4.E7E-S 0000286 0000233 0000217 0000203 |0.000238 | 0.00028

0] |9.11EE 0000437 0000336 0000332 0000361 0000522 0.00058

1] |5.11ES 0000223 |0.00019 0000208 |0.000163  0.000227  |0.0003%2

2] |7.59E-6 B.37E-S 412E-5 413E-5 3455 57ES 3.E3E-5

3] |2.24E-5 0000168 0000155 0000535 0000188 0000177 0.00074

M4 |s5e5 0000543 0000533 0000484 0000405  0.000644 | 0.00054
(15
M6 [347E5 000104 (0000741 000165 0000726 | 0.000933 | 0.0005E “Less

¥l [1.41E5 S47E-D G.74E-D 6.9%E-5 6.03E-S 3.26E-5 6.85E-5
[I18] |9.56E-5 0.00134 n.ooi3z 000233 0.001323 0.00165 0.0023

g, 10.000431 000433 0.00403 000271 0.00582 0.00448 D.DDE‘IlLI
1| I »

Print ...

It

Figure 14: The Leontief inverse for the I0-system.

The Leontief inverse is often needed for all sorts of further study. CMLCA can
do some of these, but one can also export the Leontief inverse to another
program. Almost every screen contains a button “Print”. Clicking this will send
the information to the printer, to a file, or to the clipboard. The button “Options”
will further offer a number of formats, e.g. Matlab.

CMLCA - Output |

 Destinatior

" Printer St |
i~ Clipboard

Sl [N Gppendibo exiEting fle
CIEiE [0 ReinoutD atabases\EXI DBASE \output | I EIBEEN) |
i~ Preview window
" MS5-Excel
Options ... | Cancel ]

Figure 15: The screen for sending data and results to the printer, a file, or the clipboard.
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Calculating with CMLCA

The present system is quite small, “just” 258 rows and columns. For Excel, this
1s already rather big, in fact Excel 2003 has a limit of 255 columns. But the
newer Excel, Matlab, and several other programs can work with a matrix of this
size. Notice, however, that the full-fledged EXIOBASE data has a Leontief
matrix with 5676 rows and columns.

3.3 Break-down of results

The results discussed are aggregated results for the final demand of several
purchase categories and the emissions of several activities. For many policy
studies, it is important to study the contributions from individual purchase
categories or activities.

With Analysis — Contribution analysis, one can study this. Let’s take COx.

W!. Contribution analysis

Altemative | (47] T otal final demand[EL, 2000] R R K R

1: Commadities(z] 2 Extensions |§: Categoriesl

Calculation——

; [Ealzulate |
E rtenzion I[E18] COZ to aitfair] - <<| < I ?I > |>>|

|Eommodit_l,l[>] |Value [ka] |Eontribution | 'Egiﬁgﬁfto— Settings .. |
. [159] Chemicals, chemical products and m B.38E70 1 IA” j T

. [I64] Cement, lime and plaster[EU, 2000] 1.76E11 4 Carm.[>] inta Graph |
. [I6E] B azic iron and steel and of fero-alloy 3.34E71 7 INone j

.+ [184] Electricity by cosl[EL. 2000] 7.E3E11 15 Ststine |

. [185] Electricity by gas{EL. 2000] 2.21E1 4
. [189] Electricity nec. including biomass an: 1.52E11 3
. [193] Steam and hot water supply services 9, 44E10 2
. [195] Conztruction work, (45])[EL, 2000]  6.13E710 1
. [198] Whalesale trade and commission trac 5.68E10 1
L [1102] Otker land rangportation services(E 5.04E10 1
. [1104] Sea and coastal water transportatio 7. 43E710 1
o [I0B] Air transpart services [B2)[EL. 2000 1.56E11
. [1195] Baszic iron and steel and of ferro-allc 1.36E11

o R ]

| [1213] Electricity by coalp3<, 2000] 1.82EM1
“Less
. [1235] Air transport services [B2][<4-<. 2000 5.2E10 1

 direct 119E12 24 Frint |

Tikal 377E12 76

Figure 16: The contribution analysis for COz of the total final demand of the EU.

This shows the contributions by activity. We see that 24% of the CO2 that is
attributed to the EU’s total final demand is emitted directly, so not by industry
but by the consumer, and that another 15% is emitted by coal-fired power plants
in the EU.

We can also ask which purchase categories are decisive. To that end, we change
the aggregation of commodities row-wise (v) into None, and the aggregation of

17



Calculating with CMLCA

commodities column-wise (>) into All. After all, rows represent purchases, so
rows should not be aggregated now. Columns represent industrial activities, and
we want to aggregate these.

w!. Contribution analysis

Altemative | 147] T otal final demand[EL, 2000] = <<| < | ?| > |>>|
1: Commadities(>] 2: Extensions |§: Categoliesl [ Calculation———
[Ea(zulate
Extengion I[E18] COZ to aifai] - <<| <| ?I k) |>>|
Commodity(+] ”Value [kal |Contribution | ﬂ 'égﬁ:?f;ﬁo_ Settings ... |
[159] Chemicals, chemical products and m . 8.12E10 2 INDne j b
[I7:3] Fabricated metal products, except m, 6.26E10 1 Com.[>] into il |
[I74] Machineny and eguipment n.e.c. [29]. 1.32E11 3 IA” j
[I79] Motor wehicles, trailers and semi-traile .| 1.88E11 4 StCtE |
[1E1] Furniture; other manufactured goods | 5.33E10 1
[184] Electricity by coalEL, 2000] J2E2EM 5
[185] Electricity by gas[EL, 2000] CB.AFETD 2
[185] Electricity nec, including biomass and, 6.53E10 1
[195] Construction work [45)[EU, 2000] . 4.71E11 g
[198] Whelezale trade and commizsion trac. 1.16E11 2
[199] Retail trade services, ercept of matc, 1.32E711 3
[100] Hotel and restaurant services [35)(E . 1.32E11 3
[I0E] Air tranzport services (B2)[EL, 2000, 9.68E10 2
[112] Real estate zervices [TO)[EL, 20007, 1.27E11 3 .
[1117] Public: administration and defence =, 1.42E11 3 ﬂ
[1118] Eduzation services [BOJEL. 2000] . 6.09E10 1 Print |
[1119] Health and social work, services (35, 1.3E11 3
direct J119E12 24 ;l

Figure 17: Another contribution analysis for COz of the total final demand of the EU.

The direct term is obviously still 24%. Now, we see an important contribution
from construction work.

Question 14: What do the numbers 1% (first screen) and 9% (second screen)
mean?

Electricity by coal has dropped considerably.

Question 15: Can you understand this?

3.4 Multipliers

Multipliers are an important aspect of IOA. A multiplier shows how a result
(activity level, emission, etc.) changes if the demand for a purchase category
schanges by one unit.

Use Analysis — Multiplier analysis to study multipliers. Choose COsx.

18
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.
W_ Multiplier analysiz

Commodit}l[v]lﬁu commodities[v] j({ 2|9 >>|

1: Commaditiesz] 2 Extensions | 3: Categoriesl [~ Calculatio

. [Ealzulate |
Extension I[E'IB] 02 to aiai] j<<| < I ?I > |>>|
Label |Mame |Value |Unit | ﬂ Vpalufu Settings ... |
[11] Faddy rice[EL. 2000] 1.13E5 ka/M.EUR V¥ <0 —inalyz
[12] wWheat{EL, 2000] E.51ES ka/M.EUR = i |
[13] Cereal graing nec[EU, 2000] 5 E7ES ka/t.EUR
[14] *Yegetables, fuit, nuts[EL . 2000] 7.22E5 koM. EUR Statistics |
[15] Oil seeds[EL, 2000] 1.39E6 ka/M.ELUR
[I6] Sugar cane, sugar beet[EL, 2000] 1.72ER ka/M.EUR
[I7] Flant-bazed fibers[EL, 2000] 2.2EE5 ka/M.ELR
[18] Crops nec[EL, 2000] 5.98E5 kg/M.EUR
[19] Cattle[ELl, 2000] 5.72E5 ka/M.EUR
0] |Figs[EL, 2000] B.7HES ka/M.ELR
[11]  |Foultr[EL, 2000] B.44E5 kg/M.EUR
[12] |Meat animalzs neclEL. 2000] 2.7EER kag/M.ELIR
[13]  |Ammal products nec[EL, 2000] 4 51ER ka/M.ELR
[114]  |Faw milk[EL, 2000] 4.07ES kg/M.EUR .
[N5]  |ool. silk-worm cocoons[EU. 2000] 226 kgt .ELIR ﬁl
[IME] | Products of forestry, logging and related » 3.97ES ka/M.ELUR Print . |
[17]  |Fish and other fishing products; services it 5.37E5 ka/M.ELR
8]  |Coal and lignite; peat (TOIEL. 2000] 9.8EE5 koM. EUR ;l

Figure 18: Multipliers for COx.

Question 16: Which products has the largest and which has the smallest
multiplier for CO2?

3.5 Impacts

Finally, we will address the impacts. As stated before, these are not the external
costs, but the NAMEA categories GWP, ACID and TOFP. Use Impacts —
Characterisation to see these.
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Impact results - [F1] NAMEA
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Figure 19: Climate change impacts for the EU’s total final.

We can directly move on to the contribution analysis by clicking Contributions.
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W!. Contribution analysis
Altemative | (47] T otal final demand[EL, 2000] R R K R
1: Commadities(> ] | 2 Extensions 3 Categories | r~Caleulation——

[Ealzulate |
Category  [[C1] Gw/P - <<| <| ?| > |>>|
Agoregate -
”Extension |Value (kg CEI Cantribution 1 R Settings ..

.. [E18] CO2 ta aifai] 457E12 84 [ =] el

[CARnalze
.. [E19] CH4 to airfai] 5.7E11 10 Cam.[>] inta Graph |
.. [E20] N20 ta aifai] 3B4EN B Jau =

Tatal BA1E12 100 E rtensions into SiUGITE |
INone TI

“Less

[ = ]
Prirt ... |

Figure 20: The contribution analysis for climate change of the total final demand of the
EU.

Now, we have even three directions for break-down: by purchase category (v), by
activity (>), and by extension.

Question 17: Which one do we see now?

3.6 Multi-region 10

In contribution analysis, there are more possibilities than just fully aggregating
or fully disaggregating. Rather, we can also aggregate by region. Try to obtain
the picture below.
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Contribution analysis

o Toalna demandE L2000 el

[Escozoata ] cfpfs ]
[Gommodtol  [Vekelial [Contbuton]

s e w

Figure 21: Yet another contribution analysis for COz of the total final demand of the EU.

Question 18: What do these numbers mean?
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4 Outlook

4.1 The external costs revisited

In the zipped datafile, there is another *.lca file. It contains the EXIOBASE 10-
data for 18 regions: the aggregated EU, AU, BR, CA, CH, CN, ID, IN, JP, MX,
NO, RU, TR, TW, US, ZA, and WW (aggregated rest of the world). The
technology matrix has 2322 rows and columns, so calculating results takes much
longer than with the two-country file studied until now. With a 4-year old dual-
core laptop running Vista the Leontief inverse still completes in 10 minutes, and
once it is there, most other calculations go quite fast.

This second datafile has also many more extensions: 6443. All air emissions
have been split out in three ways:

e by country (the 18 countries listed above);

e by population density (urban and rural);

e by source type (low stack, medium stack, high stack, and mobile).
So, we see extensions such as “NMVOC to air rural Low stack[air, BR]”.

This has been done to enable a connection with the external cost factors. For
some of the air pollutants, country, population density, and source type differ, so
the I0-data had to match this refinement. Extra bridge matrices have been
introduced into EXIOBASE to allow for the air emissions to be split out by
population density and source type.

In terms of impact categories, 122 lists of factors have been included. These have
been grouped into 7 families:

external cost, from the EXIOPOL project;

e footprints, for land, energy, water and energy;

e economics, value added and employment;

e air emissions, all pollutants aggregated per substance;
e NAMEA, the three impact categories from EUROSTAT;
e nutrients, loads of N and P;

e (ML, 1999, the baseline LCA impact categories.
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W!. Impact results - [F1] Extemnal cost !E":]
Altemative | (47] T otal final demandjL, 2000] e o A
Classification  3: Characterizatian |§: W’eightingl Informationl Matlicesl Calculatio
Malggs Caloulate |
Label Category |Value |Unit | 7 30
[C1] Carcinogenic effects 3.85ER Eura ¥ <0 Settings ... |
[C2] Mon-carcinogenic effects b.05EE Euro v =0
[C3] Respiratory effects [inorganic) J57E10 Euro
i = a—
[C4] Ozohe laver depletion i Eura Cartiilfams |
[C5] Respiratony effects [organic) 0 Euro
[C7] Aguatic ecotoxicity 202E7 Euro amparisan |
[C8] Temestrial ecotoxicity 2 52E9 Euro
[C9] Temestnal acidification/mutrfication J.E62E9 Euro
[C11] Total Clirate Change 9.21E9 Euro
[C12] Total 5.4EE10 Euro

“Less

Print ...

[ Ls |
G

Figure 22: External costs of total final demand in Australia, by impact.

4.2 The complete EXIOBASE

So far, we have seen aggregations into 2 or 18 countries. EXIOBASE can easily
provide other aggregations, for instance into EU, OECD except EU, and non-
OECD. But one can also aggregate industries, for instance into 60*60 format.

The complete unaggregated EXIOBASE contain 5676 industries or commodities,
and more than 10,000 extensions. Calculating the Leontief inverse with CMLCA
can take an hour.

4.3 The complete CMLCA

The version of CMLCA that you downloaded is a full version. However, it has
many more possibilities than the ones that are in this tutorial. To mention a
few: structural path analysis, decomposition analysis, and Monte Carlo analysis
can be done with CMLCA. The program contains these advanced options, and
help is available. More options and more documentation will follow.
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4.4 Continuation of EXIOBASE

The website http!//www.exiobase.eu/ 1s being set-up to disseminate the
EXIOBASE datafiles under precise licensing conditions. This includes a fee to
enable maintenance and updates.

Further and more profound developments take place in the CREEA project; see
http://www.creea.eu/.

4.5 Continuation of CMLCA

CMLCA has been around for more than 10 years, with distribution as freeware
for more than 5 years. The website http:/www.cmlca.eu/ provides access to
downloads, updates, and other issues.
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Annex I: Answers to the questions

Question 1: It is a commodity-by-commodity table in coefficient form.

Question 2: It is the input in M.EUR of wheat needed for producing one M.EUR
of cattle.

Question 3: You can see this in two ways. First, at the tabsheet for commidities
out there is just 1 M.EUR. And in the other tabsheets all numbers are expressed
in M.EUR/M.EUR.

Question 4: There are two blocks of commodities of length 129.

Question 5: Use the drop-down list to go to commodity 9, and look at the entry
for commodity 2 in the tabsheet for commodities in.

Question 6: Below the input of commodity 129 (still from the EU), there are
inputs of more commodities (from XX).

Question 7: These are Final consumption expenditure by households, Final
consumption expenditure by non-profit organisations serving households
(NPISH), Final consumption expenditure by government, Gross fixed capital
formation, Changes in inventories, Changes in valuables, and Total final
demand

Question 8 They spend most on real estate services in the EU, and least on
metal secondary raw materials in XX.

Question 9: The direct emissions from final demand are not specified by
purchase. It is as if you just see smoke the household’s chimney: you cannot tell
which of their consumables is causing the smoke.

Question 10: The characterisation factors for climate change (GWP) are 1 for
COg, 21 for CH4, and 310 for N20O.

Question 11: These are CH4 and NOx.

Question 12: The household demand was 1640 M.EUR, and the production 3620
M.EUR. The difference between what is produced and what goes to consumers
goes to industrial activity, such as food processing and restaurants.

Question 13: The + refers to things going out, such as emissions, and the — to
things going in, such as labor.

Question 14: The 1% refers to the CO2 from all construction works activities, the
9% to the CO:z from the construction works plus its supply chain minus the
construction works for industrial customers.

Question 15: Quite some electricity is used by industry, not by final consumers.

Question 16: Wool, silk-worm cocoons has the lowest, electricity by coal the
highest.

Question 17: This screen in a break-down by substance.

Question 18: This means that 86% of the CO2 that is world-wide emitted for the
total final demand in the EU occurs in the EU and 16% outside the EU.
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Annex II: Contributors to the report

This report has been written by Reinout Heijungs, CML, Leiden University, but
1t obviously builds on the work of and discussions between all partners in the
EXIOPOL consortium. I mention specifically:

All partners in Cluster III did an awesome lot of work to create a truly
global harmonized EEIO-system;

Wolf Miiller from Cluster II managed to deliver the external cost
estimates in a Cluster III-compatible form;

Maaike Bouwmeester helped to carry her trade-routine from Matlab into
EXIOBASE;

Arjan de Koning was invaluable in developing the EXIOBASE system
and fine-tuning it to match the CMLCA structure;

Arnold Tukker managed to manage all these diverse inputs into an
output at the end.
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