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1 System requirements

The CCaLC tool is an Excel-based application run by macros. It was designed and built
using the English version of Microsoft Excel for Windows XP. The tool may not run
properly on non-English operating systems as well as on older versions of Excel or
Windows. CCalLC is designed for use on PCs and is not suitable for use on Mac
computers.

If on opening the tool, a message appears “The file can be opened as read only”, then:
e click on ‘Read-only’ to open the file

e save the tool under a different name and

e continue using the tool.

Please note that, depending on the speed of your computer, some operations may take
longer time to complete. Normally, the hour-glass will indicate that the system is busy. If
it appears that there is no response after clicking on an option or action-button or the
cursor does not turn into the hour-glass, please wait a few moment as the system is
busy and may take some time to complete the action.

The tool will run faster in Excel 2003 than in Excel 2007.

1.1 Users of Excel 2003

In order for the CCaLC macros to work correctly, the Excel security settings should be
set to either Medium or Low. In Excel 2003, on opening the tool, click on 'Enable macros'
when prompted.

1.2 Users of Excel 2007 and Excel 2010

In order for the CCaLC macros to work correctly, the Excel security settings should be
set to either Medium or Low. In Excel 2007, on opening the tool, click on 'Security
Warning - Options'and select 'Enable this content'.

To see the CCaLC menus in Excel 2007, click on the Add-ins tab on the main menu-bar.
The menu items will be displayed on the left hand side of the main menu-bar.

For Excel 2007 and Excel 2010 users, when the user saves the CCalLC tool, it is
automatically saved in Excel 2007 format (i.e. .xIsm form).

The CCaLC tool can be converted back to Excel 2003 format (i.e. .xIs) from Excel 2007
(i.e. .xIsm) as follow:

e Open the CCaLC tool in Excel 2007 without out running the macros (i.e. do not
click on 'Security Warning - Options")

e Select Save as Excel 97-2003 Workbook and Click Save

e Close the CCaLC tool. Now the saved CCaLC tool can be opened in Excel 2003
as well.
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2 Compatibility with CCaLC V1.1, CCaLC V2.0 and CCaLC V3.0

CCaLC V3.1 is fully compatible with the previous version V1.1, V2.0 and V3.0. To

transfer the studies from V1.1, V2.0 and V3.0 to V3.1:

e Save the study in V1.1, V2.0 or V3.0 by choosing the menu option CF Study/Save
CF study

e Type the name of the study in the pop-up window and click OK

e Click the menu option Share data/Export study and click in the pop-up window on the
study to be exported; the study will be saved in the directory chosen by the user

e Open CCalLC V3.1 and click on the menu option Share data/Import study; from the
dialogue box that pops-up, select the file to be imported

e To view the study imported, click on CF Study/Load study and then in the pop-up
dialogue box click on the radio-button User-defined where the imported study should
be listed. Click on the study name and then on the OK button to load the study.

3 Tool development credits

CCaLC was developed by a research group based at the University of Manchester and
led by Professor Adisa Azapagic. The following researchers were involved in the project:
¢ David Amienyo (case studies);

Haruna Gujba (case studies and databases);

Harish Jeswani (case studies and databases);

Anthony Morgan (software development);

Yu Rong (software development);

Namy Espinoza-Orias (case studies and databases); and

Heinz Stichnothe (methodology and case studies).

For further information visit www.ccalc.org.uk or contact:
adisa.azapagic@manchester.ac.uk

4  Acknowledgements

The CCalLC project was funded by Carbon Trust, EPSRC and NERC (grant. No.
EP/F003501/1). Numerous industrial partners have contributed to the development of
the tool and their help is gratefully acknowledged. For more information visit
www.ccalc.org.uk.

5 Introduction

The CCaLC tool allows quick and easy estimations of environmental impacts and value
added along the supply chains. It takes a life cycle approach and it enables estimation of
the following environmental impacts:
e Carbon footprint (or Global warming potential);
Water footprint;
Acidification potential;
Eutrophication potential;
Ozone layer depletion potential;
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¢ Photochemical smog; and
¢ Human toxicity potential.

The tool has been developed with the following objectives in mind:
e to enable non-expert users to calculate the carbon footprint and other
environmental impacts quickly and easily while following internationally accepted
LCA standards such as ISO 14044 and PAS2050;
¢ to reduce the data collection effort by providing comprehensive databases;
¢ to help identify environmental hot-spots and improvement opportunities; and
¢ to enable trade offs between environmental impacts and economic costs.

6 CCalLC tool overview

The tool has been developed in Microsoft Excel and is run by macros. The worksheets
are locked and are not accessible to the user. This prevents accidental changes to the
databases and other parts of the tool. Information can be entered into the tool via user
forms that are activated by clicking buttons at the top of worksheets. The user can
navigate around the tool using the links provided.

Figure 1 shows the top-level layout of the tool. This represents a map of a typical product
life-cycle and includes the following stages:

e Raw materials;

Production;

Storage;

Use;

Transport; and

Waste.

The user can access any of these stages by clicking on the relevant box. The
subsequent levels allow the user to modify information contained at these levels; this is
described in more detail later on.

The Excel menu bars and toolbars are largely disabled for the sake of clarity, although
the user can still make use of the in-built excel File/Save functions to save the tool at any
point during the analysis. There are several menus specific to the tool, the functions of
which are described later in this manual. The carbon footprint for each stage is shown in
red, the value added in blue and the water usage in light green.

CCaLC contains three databases: CCaLC, Ecoinvent and User database. The CCaLC
database consists of publicly available data compiled as part of the CCaLC project and
data generated during the course of the project. The Ecoinvent database is a proprietary
database that is included in the CCaLC tool with a kind permission of Ecoinvent.
Although the Ecoinvent database is comprehensive, it should be noted that only data
relating to Global Warming Potential (i.e. the carbon footprint) are included with the
database and there are no data pertaining to other environmental impacts. User
database is created and populated by the user as explained in the subsequent sections.
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Eniter systern Switch: vahie View carbon iew carbon data Vl_ew other View walue added Allocation
detais addedfwater footprint graph quality envirormental analysis summary
footprmt 1mpacts
Functional unit (f.u.) 0
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00
0.00 0.00
Raw Materials Production ETmnspon Storage Transport Use
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

wodsuel .
wodsuel .
Hodsuer].

podsuel |

Waste Management

Key:
Total carbon footprint: 0.00
Total value added: 0.00

tonne CO2 eq.ffu.
£fu.

Carban footprint {tonne C0O2 eq.fu.)
Value added £,

Figure 1 Top-level view in the CCaLC tool

7 Carbon footprint estimation

The carbon footprint of a system can be calculated in two main ways:

e by starting a new study from scratch, with all the information and data entered by the
user step by step or

e Dby using the built-in case studies, which can be loaded up via the menu option CF
Study/Load CF study and then modified according to the user specification.

The following procedure illustrates how the carbon footprint can be estimated within the
CCaLC tool, starting a study from scratch. Instructions on how to modify an existing
study can be found in section 11.

7.1 Defining system details

Clicking on the Enter System Details button at the top of the screen at the top level
activates the System Details user form (Figure 2). In order to proceed with the analysis,
the name of the study and a functional unit must be specified. The latter relates the
function of the system to a common unit, e.g. mass, energy, etc. The amount specified
for the functional unit will be the amount to which the carbon footprint will be attributed.
Any unit may be used in the Unit window but it should be noted that all other data must
be directly related to this unit. For example, if the functional unit is 0.75 litres of red wine
(as illustrated in Figure 2), then the data entered later on must directly correspond to the
amounts of materials, energy etc. used to produce 0.75 litres of wine.
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System Details: EI
Mame:
| Fred wine|

Armnaunk: Uik
Functional unit: | 1 | bottle
Mass units: m Hinles
Energy units: ™M || &
Distance units: ’km—L|
Yolume units: ’ma—L| r
Monekary units: ’W
Exchange rate
(per £):

Data collected (yr): | 2010

Data source: | Confidential
Syskem last o7inLiz01n
updated {date): | fof
Authar: | CCalc

Comments:

The functional unit is one 0.75 | bottle of wine, The system
boundary is from cradle to grave. Impacts from waske
management of past consumer glass packaging have been
accounted For during production of packaging.

oK ‘ Cancel ‘

Figure 2 System Details user form

The user can also define different mass (g, kg, tonne), energy (MJ, kWh, BTU), distance
(km and miles), volume (m3, litres) and monetary units (£, $, €). The default values are
tonne, kWh, km, m® and £, respectively. The units can be changed at any point during
the analysis. If using a currency other than £, an exchange rate should be supplied in the
textbox. This enables the user to switch between different currency types during the
analysis.

NB: The units are not linked to the unit of the Functional Unit defined by the user.
The user should ensure that they are working in consistent units at all times.

There are two ways to convert units. This can be specified in the section Units, which
lists two options (see Figure 2):

¢ Change the units displayed and convert (default); and

e Change only the units displayed.

The default setting on the form is to convert units. This means that, should the user
change units during the analysis, all amounts already entered will be converted to the
new specified unit(s). Should the user require that the amounts entered are left
unchanged but only the units displayed are changed (e.g. in the event that data were
entered in the wrong units), then the second options should be selected.



CCalLC Manual (V3.1)

Other information on this form is related to the age and source of data, date of
conducting the study and the author — however, these are not compulsory but may be
useful for transparency and record keeping.

The system details can then be updated by clicking on the OK button, after which the
whole system is updated. This takes a short while to complete.

7.2 Defining the production stage names

Once the system details have been defined, the next step is to define the production
stage names. This will then enable to ‘send’ the raw materials to the specified stages,
during the definition of Raw materials stage.

This is carried out by clicking on the Production box at the top level of the tool (see
Figure 1) which takes the user to the individual production stages (Figure 3). In total, ten
production stages can be defined.

View carbon
Back to top level b
Stage: Production Key:
Total carbon footprint: 0.00 tohne CO2 eq.if.u. Carbon footprint {tonne CO2 eq./fu.)
Total value added: 0.00 £if.u. Value added £/f.u.
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
Stagel > Stage2 T Stage3 T Staged T Staged

0.00 0.00 0.00 0.00

0.00 T 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00
Stage10 @ Stage9 @ Stage8 @ Stagel <Z Stageb 0.00

0.00 0.00 0.00 0.00
0.00 U 0.00E+00

Figure 3 Overview of the Production stage

When the tool is first loaded with no study uploaded, the stage hames are displayed as
Stagel, Stage2...etc. (see Figure 3). The names of the stages can be defined or
modified at any point during the analysis as follows:

1. Click on the stage to be modified (Figure 3); this takes the user to that stage with a
number of navigation buttons at the top of the screen (as shown in Figure 4);

Click on the Define Stage button at the top of the screen;

Enter the name of the stage in the relevant text box

Enter any relevant comments in the Comments text box

Click Update.

akRhwd

Once this is done, the tool will update all instances of the stage name in the analysis.
The same procedure should be carried out for the rest of the production steps, until they
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have all been defined. The next step is then to define the raw materials being used the
the different production stages.

It should be noted that the transport arrows do not connect different stages. Rather, they
represent the transport of materials from an individual processing stage. Material flows
may be transported between any of the processing stages — due to a large number of
transport flows and combinations, it is not practical to show all the transport connections
graphically, but they are captured in the transport data sheets.

View carbon
footprint graph

Define land use
change

System expansion/
Allocation

Backto

production Deefine waste

Define energy

‘ Define stage

Functional unit: Acrylic acid from wheat (allocation) 1 tonne
Stage: Wheat cultivation

Total carbon footprint for stage: 1.16 tonne CQ,; eq.ffu.
Total costs for stage: 378.45 £ If.u.

Amount Define stage: Wheat cultivation @

Cost (&'tonne) | Cost (&f.u)

Material/Packaging inputs

i
{tonne) Details | output | GHG emissions | Allemissions |
Farm yard manure/slurry 177 0.00 0.00 TewprEm
K Fertiliser 0.02 0.00 0.00 wheat cultvatian]
N Fertilizer 011 0.0 0.oa | whea cutivatin
E;?i:‘i!:r - EﬁDE?DA g-gg g gg IF agricultural stage, hectares used per F.u. 1
Seeds - Wheat 0.10 0.00 0.00 Comments:
Total: 202 Total: 0.00
C02 eq.
Amount C02 eq.
Energy type (M) (tonne/MJ {tonnesf.u) Cost (£MJ) | Cost (£fu)
energy)
Diesel {used in farm 4540.70 7.80E-05 035 002 5898
machinery)
Total: 4,540.70 Total: 0.35 Total: 98.99
Amount CO2 eq. C02 eq.

Direct emissions {fonneff.u) (tonneftonne

{tonne/f.u.)
i GHG) Update
Nitrous Oxide to air 272E-03 298.00 0.81

Total: 2.72E03 Total: 0.81
C02? eq.
. Amount CO2 eq. Cost
Packaging type {tonne/f.u) {tonne/tonne ((unnef’fqu } (Eftonne) Cost (£fu)
u. packaging) u.]
Total: 0.00 Total: 0.00 Total: 0.00
C02 eq.
Waste Amount (tonnettonne €02 eq. Cost Cost (£f.u.)
(tonne/f.u.) waste) {tonne/f.u) (£"tonne)
Total: 0.00 Total:| 0.0 Total:| 000 Bt

Figure 4 Stage details and Define Stage user form

7.3 Defining raw materials

Raw materials are defined by clicking on the Raw Materials box on the top level of the
tool (Figure 1). The user is than taken to the next level down, showing the tables related
to raw materials (Figure 5).

There are four tables which will be populated as the user enters data through the user
forms. The data in these four tables are related to:
e raw materials — amounts used and their carbon footprints,
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energy - any additional energy used for raw materials that is not already accounted
for within the carbon footprints of the raw materials (e.g. storage and refrigeration of
raw materials);

packaging — amounts used for both raw materials and product(s), together with the
carbon footprints of packaging; and

waste from raw materials and the carbon footprints related to waste management
(e.g. due to spillage or perishable nature of raw materials).

The amount of each of these can be modified by clicking on the appropriate button at the
top of the screen. The carbon footprint data are also specified here, either via the
databases available or by entering user carbon footprint data.

To add a raw material to the analysis:

1.
2.
3

8.

9.
10.

Click on the Define Materials button (Figure 5)

Select the appropriate database to use (CCaLC, Ecoinvent, User-defined)

From the first drop-down list, select type of raw material (e.g. agricultural inputs,
construction materials etc.)

Select the required material from the next drop-down list

Select the required production stage from the second drop-down list where the raw
material will be sent

Add the amount of material per functional unit in the textbox (Note: agricultural
materials are defined in mass per hectare of land)

Select the data quality for the amount used (high, medium, low) to indicate how
confident you are in the figure used [see Appendix 2 for a description of how the data
quality is calculated for the system]

Add any comments that are appropriate to this instance of material use (this is
optional but is recommended as a reminder for future uses)

Add the cost of the raw material, per unit mass, if needed

Click the Update button.

The Raw material table on the screen will be updated to show the material name, the
amount used, the carbon footprint associated with it and its destination. The database
section from which the data have been selected is also shown in the tables.
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Defi : Vi cab v water 2 o @
Bark o wp kel m;gi Defire iy | Defiw packagia ‘ Defie wasts D‘f:‘ Eethay - ‘W”;“;‘h i e Define raw materials:
foorgie Define materials | Modlfy Database | Search database |
Functional unit: Red wine 1 bottle % CCalC database ¢ Ecoinvent database  User-defined
Stage: Raw Material
or Maw Matenials co Database section: =
Total carbon Footprint for stage: LRt kg "‘
Total water usage for stage:  2.63E-03 m3 Fu ﬂ
Total water footprint [stress weighted) for stage:  107E-03  m3eq.  fu.
e e Select stege for | =
R material Amount [g‘,]f;"l" €02 eq. ["':;5:; ::;’: 'r:l::';:l Database Production Amuu;’vt gl
(Rgttu) | erian | (R9lFu) raw | (m3ifu) | weighted) seotion stage
material] [m3 _ Data quality For amount: =
Fertiliser, h om 638 o0g 006 GE3E04 | 2oEne | CCsLCMMaterialsth | Grape culivation and
ariculture. haryest Cost (£/kg): ,— Update
Fertiiser, P o0z 188 006 006 133503 | sgaEpe | CoaLCIMaterialsta | Grape culivation and . .
haryest Agricultural inputs
Pesticides ATSE-03 538 005 005 4B0E04 | 196E-04 alsta | B A
Sodium hydronds, 507 n &
oo productionmis, . | 12103 110 133603 0 199E.08 | 825605
plant Camments on amount used:
ET Ty R R R— e P o om om0 | Ecawendateriled] Wine pradustian and
Chemicsls boting
Total:] _0.05 Toua:| 018 Total| 2 63E-03 | 107E-05
Details
P Vater | tmpacts |
amoune | S02ed | cpp usage | Water | footprine Database
Energy (kgiMd e b usage | [stress b kg COZ eq.fkg |
(MJt ) (kgttu) | (mamay ° section
energy) (m31fu]) | weighted)
energy) 3 Year: [
Towl:| 0.0 Tatal:| _0.00 Total| _0.00 0.00
Location: [
Vater Vater
CO2eq usage | Water | footprint § ‘
Packaging a'“,“'"u"; (katkg ﬁ“ﬁ‘;“i (m3kg | usage | [stress ”S‘e':;;f“ P"’s'::“:'““ Used for Source: [
) packaging) L) ackaging | (m3tu) | weighted) 9
1 ) Data quality of
kraft paper, unbleached, at TA0E04 A, it it WIS it Ecoinvent/Packagin | wine production and Produst dataset;
plant ’ q botting Eamtis
packaging glazs. green, 3t e e e e e e | Ecawenateriled| Wine produstian and ot
plant, Eurep being
ram oork, at forest 0ad 334603 e, e, e, WA e, E°°'"“"';Fa°“9'“ Wine pr;:“:‘:" =nd Froduct
Total:| __0.35 Total:| _0.00 Totat] 000 000
Vater
Water "
Amount €O2eq. | nyog | usage | Waer | footprine Database
Waste (kgttu) (kalkg (kgttw) | (m3ikg | U539e | [suess section
o waste) o (m31fu]) | weighted)
waste) -
Towl:| 0.0 Tatal:| _0.00 Total| _0.00 0.00 B

Figure 5 Raw materials stage with the Define raw materials user form

Other materials can be added in the same way. If a new material needs to be added to
the database, then this can be done through the Modify Database tab. This is discussed
in more detail in section 9.

The total carbon footprint for the Raw materials stage can be seen at the top of the
screen in red. The costs incurred during the stage are shown in blue and if in the Water
usage view, the water footprint will be shown in green.

The amount of material being used can be updated at any time or can be removed
completely from the analysis by selecting that raw material in the Define materials user
form and setting its amount to zero.

7.4 Defining transport

Transport links can be defined when there is a material to be transported between
stages.

To define transport (Figure 6):

1. Click on the relevant transport box either at the top level or in the Production stage;
this takes the user to the transport stage screen

Click the Define Transport button

A user form appears asking the user to select materials to be transported

Select the required material from the list box

Click on Define Transport. The Define Transport user form will then be shown (see
Figure 7)

Choose the desired database (CCaLC or Ecoinvent)

aghwnN

»
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Select the type of transport from the drop-down menu (e.g. 40 t — truck)

Enter the distance travelled into the text box (note the units required)

Enter the estimated packing density of the material into the text box (if not known —

leave as the default value of 1). The packing density is only important for low density

products (approx. 300 kg/m? or less)

10. If a truck has been selected, specify whether it returns back empty and if so, select
the check box. Selecting empty return will increase the carbon footprint for a
transport option by about 60%

11. Enter the cost of the transport per functional unit (if desired)

12. Select the data quality for the distance specified (high, medium, low) to indicate how
confident you are in the figure used

13. Click the Update button.

© oo N

The transport table will then be updated with information related to the journey that has
just been specified. Information pertaining to transport type, distance, mass transported,
carbon footprint for journey and total carbon footprint for the stage as well as any costs
are all shown. The database section from where the carbon footprint data were sourced
is also displayed.

A journey can be modified through the user form by selecting that journey again and
changing the details. The journey can be removed in a similar way by setting the
distance travelled to zero.

The methodology for calculating the carbon footprint of transport is given in Appendix 1.

NB Note that the transport within the Production stage is not shown on the top
level view. The top level only shows the transport of raw materials into the
production stage and then out of the production stage. Therefore, the carbon
footprint for the transport within the Production stage is not displayed; however, it
is shown in the relevant graphs and can also be viewed via the CF Summary menu
option. Transport steps within the Production stage can also be only modified
from the relevant production stage rather than from the top-level view.

10



CCalLC Manual (V3.1)

e level fin 5 Functional unit: Red wine 1 bottle
Back to top leve Define transport View grap Transport stage: Raw Materials-—-->Processing
Total carbon footprint for stage: 0.00 kg CO; eq.fu.
Total costs for stage: 0.00 £ AN
: Empty
Material transported Transport Type Distance (km) Mass Carbon footprint return Cost (§) Database section
transported (ky) | (kg COZ eq./f.u) trip?
Total: 0.00 Total: 0.00
Transport data currently
issing for:
Fen.lllser, M- Grape Select material to define transport fo &
cultivation and harvest
Fettiliser, P--> Grape Fertiliser, M-—=Production - Grape cultivation and harvest Define
: Fertiliser, P--- =Production - Grape cultivation and harvest
cultivation and hanvest Pesticides---=Production - Grape cultivation and harvest THETERELE
Pesticides--» Grape cultivation sodium hydroxide, 50% in H2C, production mix, at plank---=Production - Wine prod
and harvest sulphur dioxide, liquid, at plant--- =Production - Wine production and bottling
kraft paper, unbleached, at plant-—=Wine production and botting
sodium hydroxide, 50% in packaging glass, green, at plant, Europe— =Wine production and bottling
H20, production mix, at plant-- raw cork, at forest road--->Wine production and bottling

= Wine production and bottling

sulphur dioxide, liguid, at plant-
= Wine production and battling

kraft paper, unbleached, at
plant-= Wine production and

bottling Exit
packaging glass, green, at

plant, Europe--= Wine
production and bottling

raw cotk, at forest road->
Wvine production and bottling

Figure 6 View of the Transport stage and a user form for defining transport

Define transpo

Transport details ] Modify kransport database ] Search database ]

(¥ CCalC database Ecoinvent database ( User database

Transport Type: Distancedkn):
22t truck || 120
Packing density kaflitre: |
Emply return krip? r

Drata quality For am -
amaount:
Cost of transport | g
£Jf.u.

Comments on armaunt used: Update

Details ] Impacts ]

kg CO2 eq.fkg-km

‘fear;

Location:

Source;

Data Quality:

Comments:

Exit

Figure 7 Define Transport user form
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7.5 Defining the production stage

The details of the production stages can be defined by specifying each individual
production stage in turn (see section 6 for how to navigate in this stage). Once the raw
materials have been defined, they will be showing as inputs into the production stages
where they are being used. This can be viewed by clicking on Production box from the
top level of the tool and then clicking on the individual stage of interest. This takes the
user to the tables which show the raw materials input to that stage (see Figure 4).

7.5.1 Defining energy use

Energy use for the production (as well as other life cycle stages) can be defined by
clicking the Define Energy button. The associated user form is shown in Figure 8.

The energy is defined as follows:

1. Select the required database (CCaLC or Ecoinvent)

2. Select the required energy type from the drop-down menu

3. Enter the amount used in the text box (NB: make sure the correct units are being
used)

4. Select the data quality for the amount being specified to indicate how confident you
are in the figure used (high, medium, low)

5. Enter the cost per unit of energy being used (if needed)

6. Include any relevant comments in the comments box (this is optional but is
recommended as a reminder for future uses)

7. Click on the Update button.

12
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Define energy use for Natural drying: g|
Define energy lMUdiFy Database ] Search database ]

+ CCalC database  Ecoinvent database  User-defined

| [

Amount (MIJF.u

Data quality For -
amounk:

Cosk (£/MT):

Comments on amount used: Update

Details llmpacts I

kg COZ eq/M;

Wear:

Location:

Source:

Data Cuality:

Camments on data sek:

Exit:

Figure 8 Define Energy user form

The energy table on the screen will be updated with the relevant information and the
carbon footprint and associated cost shown. The database from where the data were
selected is also displayed.

7.5.2 Defining land use change

If following the PAS2050 guidelines, land use change relevant to the functional unit that
has occurred during the last 20 years must be accounted for in the analysis. Land use
change can be defined in any of the production stages as well as in the raw materials
stage. The procedure is as follows (see Figure 9):

1. Click the Define land use change button in any Production or Raw material stage

2. From the drop-down list, select the country where the land use change has taken
place

13
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3. From the drop-down list, select the current land use (annual cropland, perennial

cropland)

From the drop-down list, select the previous land use (forest land, grassland)

Enter the area of land changed per functional unit (hectares)

Enter the time the land is used for per functional unit (years or pro-rata months

expressed in years)

7. Select the data quality for steps 5 and 6 above (high, medium, low) to indicate how
confident you are in the figures used

8. Click Update.

o gk

Define land use change: EJ

Select country in which land use change occurs:

| =

Current land use:

=

Previous land use:

[~

Tonne COZ eq./havear:

|

Hectares of land changed  Data quality:

per Functional unit:
-

How long is the land used  Data quality:

fare (YearsiF.u.)

|

Update

Exit

dil

Figure 9 Land use change form

7.5.3 Defining direct emissions

Direct emissions arising from the production as well as storage and use stages can be
defined using the Define stage button in any of the production stages or the Define
storage/Define use buttons in the storage and use stages, respectively. The user can
define either direct greenhouse gas emissions and/or emissions of other substances that
are relevant to other impact categories. Figure 10 and Figure 11 show the appropriate
user forms. Direct greenhouse gas emissions can be defined as follows:

1. Select the gas emitted from the list of greenhouse gases

2. Enter the amount
3. Click Update.
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Define stage: Wheat cultivation

Details | Output  GHG emissions | all emissions |

Define greenhouse gas emissions directly emitted Fram
stage:

Greenhouse Gas: Amaunt {bonneff.u.}

CFC-11 j | 1e-4]
Daba quality For
qamoyunt: ’W m
Details

Chermical formula:

tonne COZ eq. ftonne
GHG

£

Figure 10 Defining direct GHG emissions

Other emissions can be defined as follows:

1. Select the medium in which the emissions occur (air, fresh water, marine water,

industrial soil, agricultural soil)
2. Select the substance emitted
3. Enter the amount emitted

4. Select the data quality (high, medium, low) to indicate how confident you are in

the amount specified
5. Click Update.

Define stage: Wheat cultivation
Dietails ] Oukput ] GH emissions Al emissions l

Emissions bo;

maring water hd

Amount (konneff,u.}
Substance:

| 1,1,1-trichloroethane j | iz
-

Data quality

Update

Details
Acidification potential (kg 502 eq. fka)

li

Eutrophication potential (kg phosphate li

e, ki)

Ozone depletion potential (kg R11 eq.fkg) li

Photacherical (summet) smog (kg ethene li

e, ki)

Hurnan Toxicity Potential (kg DCE eq. fka) li
li

Global warming potential (kg COZ eq. fka)

X

Figure 11 Defining other direct emissions
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7.5.4 Defining packaging use

Packaging use for the production stage as well as any other stage can be defined by
clicking the Define Packaging button in raw material stage. The associated user form is
shown in Figure 12. Four databases exist for packaging: CCalLC food/drink, CCaLC
other, Ecoinvent and User-defined.

Packaging can be defined as follows (Figure 12):

1.
2.
3.
4
5.
6.
7.

8.

Select the required database (CCalLC food/drink; CCaLC other; Ecoinvent; User-
defined)

Select the required packaging type from the drop-down menu

Select the processing stage for packaging from the drop-down menu

Select whether the packaging is required for raw material or for products Enter
the amount used in the text box

Select the data quality of the amount being specified (high, medium, low) to
indicate how confident you are in the figure used

Enter the cost per unit of packaging (if needed)

Include any relevant comments in the comments box (as a reminder for any
future uses)

Click on the Update button.

The packaging table for the stage is then populated. Packaging types can be modified or
removed from the analysis by selecting the packaging type and changing the details or
setting the mass to zero, respectively.

Define packaging: @
Define materials IMoley Database | Search database |
% CCalC foodfdrink database ¢ CCalC other database
™ Ecoinvent database " User-defined
[ =
Select Processing stage for
packaging: :"
% packaging For raw material (™ packaging For products
Amaunt kg/f.u.
Data quality For amaunt: -
Cost (£fka):
Comments on amount used: Upicie
Details I Impacts }
kg CO2 eq.fkg
ear:
Location:
Source:
Data quality of dataset:
Comments:
Exit

Figure 12 Define Packaging user form
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Waste use for the production as well as the other stages can be defined using the same
procedure as for defining materials, energy or packaging. The user form is similar to
those used for other life cycle stages and is shown in Figure 13.

The procedure for defining waste is as follows:

PR

No o

Define waste for Matural drying: E
Define waske ]Link waste | Modify Database | Search Database |

+ CCal database " Ecairvent database ™ ser-defined
| K
Armount tonnegf,u, Ii
Diata quality Far I—L|
amaounrk:
Cost (£/bonne li
waste)
Comments on amount used: Update

Dietails ] Impacts ]

tonne CO2
eq, fltonne

Wear: |

Location:

Source:

Daka CQuality:

Camments:

Select the required database (CCalLC, Ecoinvent or User-defined)
Select the required waste type from the drop-down menu
Enter the amount of waste in the text box

Select the data quality of the amount being used (high, medium, low) to indicate how
confident you are in the figure used

Enter the cost of the waste per unit mass (if needed)

Include any relevant comments in the comments box (as a reminder for future uses)
Click on the Update button.

Exit

Figure 13 Define waste user form
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7.5.6 Linking waste to raw materials

Waste can be linked to raw materials to allow the user to update automatically the
amount of raw materials used when the amount of waste at a particular stage is changed
(e.g. due to efficiency improvements). This feature is useful if a large number of raw
materials are being used as it saves having to go back and update them manually if the
waste amount changes.

To use this feature:

e click on the Link waste tab on the Waste user form (see Figure 14a). Two text boxes
are shown on the form. The top box shows the list of waste streams used at this
stage of the analysis that can be linked to materials used at that stage. The bottom
box shows the list of materials that are currently linked.

e click on the Modify material links button to link a raw material to waste. This brings
up a separate user-form that allows the user to create and remove links using the
appropriate buttons (Figure 14b). The top box in this user form shows raw materials
used at this stage and the bottom box shows the existing material links for the waste
stream selected. In this case Wheat — UK is the only material available to link.

Define waste for, Milling: E|

Create waste link to materials: E

Define waste  Link waste ] Modify Database ]

Raw materials used at this stage:

heat UK

Madify material
lirks

Madify
packaging links

Flaws currently linked to selected waste stream:

Create link Remove link

Existing material links for LandFill - municipal waste

heat UK

Exit
Exit

a) Link waste tab b) Create/delete links form

Figure 14 Link waste forms

The user will not initially see any effects of material linking. However, if the amount of
waste being used is changed, then the raw materials linked to it will be updated to reflect
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that change. For instance, if the amount of waste at this stage was 0.1 kg when the
material was linked, and it was increased to 0.2 kg, the amount of raw material, in this
case Wheat UK, would be increased by 0.1 kg.

If multiple materials are linked to a waste stream, then the amounts are adjusted in
proportion to the ratio of their use. For instance:

If three materials are linked to one waste stream:
Landfill Municipal = 1 kg

Material 1 = 4 kg
Material 2 = 4 kg
Material 3 = 2 kg

Then, increasing the amount of waste would have the following effect:
Landfill Municipal = 2 kg

Material 1 =4 kg + 0.4 kg = 4.4 kg
Material 2 =4 kg + 0.4 kg = 4.4 kg
Material 3 =2 kg + 0.2 kg = 2.2 kg

7.5.7 Defining production stage outputs

Outputs from the production stages as well as storage can be defined in terms of mass
or energy flows.

To define outputs from a stage:

1. Click on the Define stage button to bring up the user form (Figure 15)

2. Select the Output tab

3. Decide whether to define a product or a co-product (note that a product must be
defined; defining co-products is optional, depending on the system being studied)

4. Type the name of the output flow into the drop down box provided (the material can
be selected later on as well as its mass changed). NB: Each output flow or co-
product must have a different name even if they go through stages unchanged
—this is to allow the system to distinguish between the flows in different
stages

5. If appropriate, select the destination stage for product mass flow. NB: The product

can be treated as either an intermediate product and sent on to another

production stage (or storage or use) or a final product if sent to the use stage.

Co-products do not have a destination as they are assumed to leave the

system at that point, but they may be used for the purposes of allocation (see

section 7.7.4). Energy outputs do not have a destination either and co-
products defined as energy outputs may be used for the purposes of

economic or energy allocation (see section 7.7.4).

Add the amount of output to the text box

Add the value of the output (in desired)

No

19



9.

CCalLC Manual (V3.1)

If you wish to perform energy allocation at a later point, define the Lower Heating
Value of any mass outputs; similarly, if you wish to perform economic allocation, the
costs/values of all products and co-products must be defined
Click the Update button.

Once a mass output has been created, it will show up in the relevant transport stage as
well as in the material inputs table of the appropriate stage (production, storage or use).

Define stage: Wheat cultivation

Details  Output ]GHG emissions ] &l emissions ]

Modify exisking output streams or create new streams:

Product Co-product
Output: Oubput:

=l -]

Define product in terms of mass Define co-product in kerms of

ar energy: Mass or energy:
(v (s Mass

o " Energy
Destination:

Arnount (tonnesF.u.)
| Matural drying j ’7
Amount (tonneyF.u.)

Yalue (Eftonne)

4,49

Yalue (£tonne)

5. 70E+01

|Update |Update

Energy allocation

uf

If it is intended to perform energy allocation, then enter the lower
heating value of the product or co-praduct here,

Lower heating walue (Mfla)

14.514

3

HE

Exit:

Figure 15 Output tab on the Define stage user form

Note that it may be necessary to create a mass output from a stage for two reasons:

1.
2.
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Transport can only be defined if there is a material flow between stages

Each stage is mass-balanced. Material outputs show up as a mass input at its
destination stage. However, mass-balances are shown for information only and will
not stop the tool from working.
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7.6 Defining the storage stage

The storage stage is defined in a similar way to the productions stage — see section
Defining the production stage

7.7 Defining the use stage

Several feature of the use stage make it a unique stage within the analysis. These are
described below.

7.7.1 Defining appliance use

Often during the use phase of a product, it is necessary to use an appliance (e.g. for
food preparation or laundry washing). To aid these analyses, the CCaLC tool contains
databases for refrigeration, washing machines and ovens.

Appliance use can be defined as follows (Figure 16):

1. Click the Define use button

2. Select the appropriate database (Fridges/Freezers, Washing machines/Dryers,
Electric Ovens/Others)

Select the appropriate appliance

Enter the appropriate data regarding storage time, volume, cooking time etc.
Select the data quality (high, medium, low) to indicate the level of confidence in
the amount specified

6. Enter the carbon footprint per unit energy (The default value is for the UK grid.
Other values can be found in the energy database if needed).

Enter the cost of the energy (if needed)

Click Update.

abkw

© ~
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Aippliances | GHG emissions | ll emissions |

Cakegory: | Fridges/Freezers j
Appliance bype: | Refrigerator - category & j
Storage time (hy [ 4
Functional unit wolune
z
()]
Drata quality For + | The default value is Far
amount: low-voltage power from
Carbon Faotprint per the LK grid (0.186 kg
unit energy( kg coz | 0.186 COZ eq.fMI)
eq./MI}

Cosk per unit energy 0 Update

€3]

Details

M3 hourlitre
ear: ,7
Lacation: ,7
Data Qualitys l—_|

Source: |

Comments:

Exit

Figure 16 Appliances user form

7.7.2 Defining biogenic carbon storage/uptake in products

The impact on the carbon footprint of biogenic carbon storage or carbon uptake in
products can be accounted for in CCalLC. The impact of this reflects the weighted
average time of storage during a 100-year assessment period. Two carbon storage
cases may be defined:

e a specific case of biogenic carbon storage following product formation; and
e ageneral case of biogenic carbon storage or carbon uptake.

For a specific case where the carbon storage benefit of a product exists between 2 and
25 years after product formation (and no carbon storage benefit exists after that time),
the weighting factor applied is as follows:

Weighting factor = (0.76 x t,)/100

where t, is the number of years the full carbon storage benefit of the product exists
following its formation.

For a general case, the weighting factor to be applied to the CO, storage benefit over the
100-year assessment period is calculated as follows:

i=100

Weighting factor = in —+ 100
i=1
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where i is each year in which storage occurs and x is the proportion of total storage
remaining in any year i.

For further descriptions of these calculation methods, see PAS2050, Annex C.

Carbon storage can be defined in CCaLC as follows (Figure 17):

1. Choose either a specific or a general case

2. If a specific case, select a storage time from the drop down list

3. If a general case, calculate a weighting factor using the methodology in the PAS2050

4. Enter the amount of carbon stored

5. Select the data quality (high, medium, low) to indicate the confidence level in the
amount specified

6. Click Update.

The amount of carbon stored will be shown on the use stage worksheet and the total
deducted from the carbon footprint at that stage.

Define carbon storage: @

Carbon storage in a product can be caloulated For specific or
general cases (see PASZ2050, Annex C.1). For specific cases, the
user must specify the number of vears the carbon is stored for,
Far general cases, the user must calculate a weighting Factor
using the methodology in the PAS.

(™ Specific case (full storage)

(¥ izeneral case (skorage of take up)i

Time ko emission (years): Weighting Factar:

r =1 I«

Amount of stored carbon (bonne):

Daka qualicy:
High i 1.533
Update ‘ Exit: ‘

Figure 17 Carbon storage

7.7.3 Defining carbon release from product disposal

In cases where the disposal of a product is not immediate, it may be appropriate to apply
a weighting factor to the carbon footprint of the waste stream in order to account for
carbon stored up to that point. Two end-of-life scenarios can be defined:

e a specific case for a delayed single release and

e ageneral case for a delayed release.

For a specific case where the disposal of a product occurs between 2 and 25 years after
product formation, the weighting factor applied is as follows:

Weighting factor = (100- (0.76 X t5))/100

where tp is the number of years between product formation and the single release of
emissions.
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For a general case where releases may not occur singularly, the methodology used is as
follows:

i=100

Weighting factor = in (100-i) =~ 100
i=1

where i is each year in which emissions occur and X is the proportion of total emissions
occurring in any one year i. The methodology for this calculation is given in PAS2050
Annex B.

The product’s end of life can be defined as follows (Figure 18):

Choose whether a specific or general case is being modelled

If a specific case, select the time to disposal from the drop down list

If a general case, calculate a weighting factor as described in PAS2050 and enter
it in the text box

Select the required database (CCalLC, Ecoinvent or User-defined)

Select the appropriate disposal waste stream from the drop down list

Enter the product mass

Enter the cost of disposal per unit mass (if needed)

Select the data quality (high, medium, low) to indicate the confidence level for the
amount specified

Click Update.

NGOk whE

©

Define carbon release from product disposal: @

Emissions due ko final disposal of a product can be calculated For specific cases
{single release) or general cases (prolonged releases), See PAS20S0, Annex B, 1
Far details. For specific cases, the user must specify the number of years
between the Farmation of the product and the release date. For general cases,
the user must calculate a weighting Factor using the methodology in the PAS.

¥ Specific case (single release)

" General case (delaved release)

Time ko emission (years): ‘weighting Factor:
a -

Select waste stream For disposal method:

* CCalC database (" Ecoinvent database ( Liser database

| Incineration - papet ﬂ
Data quality: Product mass (tonme):  Cost per unit mass (£)
| Mediom =] | 000 | o

Details

Coz eq. (kafka):

Location:

fear: |

Source;

Data Quality:

Comments:

Update ‘ Exit ‘

Figure 18 End of product’s life user form
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7.7.4 Co-product systems: System expansion and allocation

In co-product systems it is often necessary to calculate the carbon footprint of each co-
product. Within CCaLC, this can be carried out in two ways:

e by system expansion and

¢ by allocation (mass, energy and economic basis).

NB: The results of either system expansion or allocation are shown at the top level
and not at individual stages.

To perform system expansion or allocation, click the System expansion/allocation button
at a Production stage where co-products are produced. It is then possible to choose
between system expansion and allocation by clicking on the appropriate buttons at the
top of the tool. Note that, to be able to perform either operation, the co-products must
first be defined (by clicking on Define stage and specifying co-product details; see
section 7.5.7).

e System expansion

System expansion is performed by selecting a product/service that the co-product can
substitute. The CCaLC tool then subtracts the carbon footprint of this substitute
product/service from the carbon footprint of the whole system.

System expansion is carried out in CCalLC as follows:

1. Click on the Perform system expansion button

2. Select the required database (CCaLC, Ecoinvent or User-defined)

3. Select a co-product from the dialogue box that pops up; this bring up the System
Expansion user form shown in Figure 19

4. Select a material or energy from one of the available databases

5. Enter the amount of product

6. Select the data quality (high, medium, low) to indicate the confidence level for the
amount specified

7. Click Update.

The data tables are then updated and the amount to be subtracted from the carbon
footprint of the whole system is shown.

¢ Allocation
Allocation can be carried out using mass, energy or economic basis. Allocation can be
carried out in CCaLC as follows:

1. Click on the Perform allocation button; this brings up the user form shown in
Figure 20

2. Select either Mass, Energy or Economic radio button (NB: PAS2050 requires
economic allocation)

3. Click Update (NB: allocation can be deleted by setting the value in the Allocation
text box to zero)
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The allocation tables are then updated to show the allocation results. Note that to
perform economic or energy allocation, all cost and energy data should be specified for
all the products and co-products.

System expansion: FZ|

Syskem expansion may be performed by selecting a product {material or
energy bype), the Function of which the Co-product displaces. See
PAS2050 section 8.1.1 For further details,

The displaced product may be selected From the current database:

Select database: (+ CCalc " Ecainvent " User-defined
Metals =

Select displaced product:

| Alurniniurn extrusion =

Amount of product displaced (tonne/f.u.)

—

Data quality For amount:

M

Details

COZ eq.itonneftonne) |

‘fear:

Location: |

Source:

Data Quality:

Comments on data sek:

Update ‘ Exit ‘

Figure 19 System expansion user form

Co-product allocation: E]

Select co-product:

=
Allacation method:

" Mass (¢ Economic ¢ Energy

Allocation (tonne C0Z eq. funit of co-product)

1.86E-01

Update
Exit

Figure 20 Allocation user form
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8 Viewing carbon footprint data and results

8.1 Numerical display

Numerical carbon footprint results are displayed in red font throughout the tool. The units
are expressed as mass per functional unit (f.u.) where mass is the unit specified by the
user (e.g. kg, tonne, g).

Note the following:

e The total carbon footprint for the whole system is shown at the bottom of the screen
on the top level of the tool

e The carbon footprint for the Raw materials, Production, Storage and Use stages is
shown above the relevant box on the top level of the tool

e The breakdown of the carbon footprint for each stage can be seen in the tables by
clicking on the relevant stage

e The carbon footprint of a particular material, energy, packaging, waste or transport
type can be viewed in the relevant user form by clicking on Define material, energy
etc.

8.2 Graphical display

Graphs showing carbon footprint results can be viewed by clicking the button View graph
of carbon footprint at the top level of the tool. An example is shown in Figure 21.

el Ly ) Summary of Carbon Footprint

250
2.09
= 200
c
E 150 LiTA 1_23
g 0.89
S 1.00 .
S
= 0504
= 0.00 0.09
o 000 T T T T am—— T
g 0.05
o -050
o
Q100
g
£ -150
[=]
=
-2.00 183
-2.50
Rawr Production  Storage Use Transport  Total f.u. Co- Total inc.
materials products Co-
products
View graph |  View graph | View graph | View graph | View graph View graph

Figure 21 Graphical view of carbon footprint results at the top level of the tool

In addition, carbon footprint graphs can be viewed at each life cycle stage by clicking on
the View carbon footprint graph button. This brings up a graph which allows drilling down
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to see the breakdown of each material, production stage, etc. (see the example for the
Production stage in Figure 22).

Back to previous
level Production Carbon Footprint

2.50

2.09
2.00 —

1.50 —

1.00 - —

tonne CO2 eq./ffunctional unit

0.50 + —

0,32 0.26
0.09 0.10 0.12
0.00 0.03 m 0.00 0.00
0.00 e T
= fa] o = = = =1} [=2] = e
= S = i = o = =] @ o - =
iy ¢ 2z § ¢ E s §{, &® & °*
£ = =) T £ = g = = &
= = = = il w = o =
& () £ 5 £
= L (=] = E
Click to view
stage 2 3 4 & B 7 8 g 10

Figure 22 Carbon footprint for production stages

9 Modifying user carbon footprint databases

User-defined data can be added, modified and deleted, as explained below. The
databases that come with the tool cannot be deleted or changed in any way.

9.1 Creating a new user database item

User data can be added in the CCaLC tool. This can be done for any of the following:
materials, energy, packaging, waste and transport.

New data item can be created by:

e Selecting the Modify Database tab on the appropriate user form (see Figure 23 for a
Raw materials example — to get there, click on the Raw Materials box from the top
level view, then on the Define Materials button at the top of the screen and then on
the Modify Database tab; the same applies for all other databases, i.e. energy,
waste, packaging and transport)

e Clicking the Create new item button

e Filling in the appropriate fields in the resulting user form (see Figure 24).
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Once created, the item will be shown in the relevant database.

NB:

It is not possible to create a data item with a name that already exists in the
database. Similarly, once created, the name of the user data item cannot be
changed. If a name change is required, the user is advised to delete the item
and then recreate it.

The user-defined data can be found under the User defined database (see
Figure 25).

Define raw materials: E|
Define materials  Modify Database l

Select item ko modify:

Alamine | |FTmmmmmm—
Alurniniunm ingok {Yirging 1 :‘ i Madify detsils |
Aluminium ingok (Yirging 2 : :
Alurninium nevs scrap (Recycled) 1
Alum?n?um new scrap (Recycled) 2 Delete iterm
Aluminium old scrap (Recycled) 1

Alurninium old scrap (Recyeled) 2

Aluminium rolling 1

Alurminium ralling 2 j Create new item

Figure 23 Modify database tab (for the Raw materials stage)

Create new database record: P§|

Dietails
MName:

Carbon fookprint (kg carbon dioxide 0
ea.fka)

Acidification potential (kg sulphur
dioxide eq. fka)

Eutrophication potential (kg phosphate
eq./ka)

Czone laver depletion potential
patential (kg R11 eq./ka)
Photachemical smog patential (kg
ethene eq.fkg)

Human toxicity pokential (kg
dichlorobenzene eq. fka)

Ear:

Location:

Source:
Data Quality: High -

Camments:

Update database

Cancel ‘

Figure 24 Create new item form
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Define raw materials: gl

Define materials ]Mndify Database ] Search database ]

" CCalC database " Ecoinvent database (% is

Database section: |

Select stage Faor |
material use:

Arounk (konne/F.u. )
Data quality for amount: -

Cost {£fkonne): Update

Agricultural inputs
~

e

Comments on amount used:

Details ]Impacts l

tonne COZ eq.ftonne |

Year:

|
Location: |
|

Source;

Data quality of
datasat:
Camments:

Exit

Figure 25 Materials database: user-defined data items are placed in the User
defined database

9.2 Modifying an existing user database item

To modify a user-created data item:

Click on the button Define ... (e.g. Modify Materials)

Click on the Modify Database button; this will show a list of the existing user-created
items

Select the item to be modified and then click on the Modify Details button; this brings
up the form with the details for that item (see Figure 26)

Change the details as desired and then press the Update database button.
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Modify database record:

Details
Mame:

Carbon Footprint (kg carbon dioxide 9856400
eq. fkg)

Acidification potential (kg sulphur

dioxide eq. fkg)

Eutrophication pokential (kg phosphate

eq. fkg)

Ozone layer depletion potential

potential (kg R11 eq.fka)

Photochemical smog potential (kg

ethene eq. /kg)

Human toxicity pokential (kg

dichlorobenzene eq. /ka)

Year: 2005
Location: Europe

SOource: Eas
Data Quality: High -
Camments:

Update database Cancel ‘

()

9.3 Deleting a user database item

To delete a user-created data item:

NB: Database items that are in use in the study active at the time of the attempted
deletion cannot be deleted. The databases that come with the tool cannot be
deleted either.

Click on the button Define ... (e.g. Modify Materials)
Click on the Delete Database button

Select the item to be modified; this brings up a warning on whether the user wants to
delete the item

Click Yes to update the database.

10 Carbon footprint data quality assessment

Throughout the tool, the user is required to specify the data quality for the information
they are inputting. Data quality is expressed as either high, medium or low quality. Data
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quality is specified at two instances: for the whole data set and for the amount being
specified by the user.

The data quality for a data set is specified when the data set is created and is not
subject to alteration during the analysis. Data quality of the data sets supplied within the
tool will largely be high, as they are from trusted sources. For user defined data sets, the
user can specify the data quality when they create it.

The data quality for the amount of material, energy, travel distance etc. specified by the
user has to be specified each time the user adds a new datum to the analysis. The user
is required to make a judgment as to how reliable they believe their data are. For
instance, if a transport distance is known then the user might choose high quality of
data; however, if the distance is only guessed at or generic, then the data quality for this
datum will be low.

The overall data quality assessment is made by weighting each data point by its
contribution to the total carbon footprint. A full description of the data quality model is
given in Appendix 2.

To examine the data quality for the analysis, click on the View data quality assessment
button the top level of the tool. This brings up the data quality assessment sheet (Figure
27) which shows the overall data quality for the analysis as well as the data quality for
each individual stage.

Back to top level

Overall data quality:

Data quality by stage:

Stage Data quality

Raw materials High
Co-products High
Processing stages

YWheat cultivation Low

Matural drying

Milling & hydralysis High

Drying of animal feed

Fermentation High

Ultra filtration High

Extraction High

Distillation & back extraction High

Drying of waste solids High

Stagelld

Average Processing

Storage
UUse High
Transport stages

Raw Materials——->Processing

Wheat cultivation-—=Matural

Matural drying-—=Milling &

hydralysis High

Figure 27 (Partial) View of data quality assessment screen
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11 Loading, saving, deleting or starting a new carbon footprint study

An existing carbon footprinting study can be loaded, saved or deleted by using the CF
study menu option from the CCaLC menu at the top of the screen (see Figure 28). A
new study can also be started by using the same menu option.

study | Share data  Help

Load iZF skudy

Save CF study

Skark mew CF skudy

Delete CF study

Figure 28 CF study menu options

11.1 Loading an analysis

An existing analysis can be loaded by selecting Load CF Study from the CF Study menu
option. The user can then select from a range of either CCalLC or user-defined studies
(see Figure 29). Note that user-defined studies can be found under the User-defined
section.

NB: Loading a a CF study will overwrite any data currently being used. Therefore,
users are advised to save their analysis before loading another one.

Select study to open: §|

{* Biofuels/biofeedstocks " Chermicals and related
" Food/drink " Iser defined

™ Packaging

Acrylic acid-sug.beet-sys . exp,

acrylic acid-wheat-alloc,

Acrylic acid-wheat-sys exp,

Bioethanaol-sug.beet-allac,

Bioethanol-wheat-alloc,

Butanediol-sug.beet-allac,

Butanediol-sug. beet-sys,exp,

Butanediol-wheat-alloc,

Butanediol-wheat-sys, exp, ﬂ

Ok

Cancel ‘

Figure 29 Load CF study user form
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11.2 Saving an analysis

To save a study, select Save CF Study from the CF Study menu option and type a
(unique) name into the drop down box. Alternatively, select a previously saved study to
overwrite it with new results.

Note: Saving a study saves the specific analysis but it does not save the CCalLC
tool. To do the latter, use the Excel File/Save menu. It is recommended that the
user saves the CCaLC tool on aregular basis under a different name/names to
avoid losing data.

11.3 Starting a new study

A new study can be started by selecting the Start new CF study item from the CF Study
menu. The user will be asked if they are sure they want to start a new study and will then
be given the option of saving the existing study first.

11.4 Deleting an analysis

To delete an existing analysis, select the Delete CF study optin from the CF Study menu.
This brings up the list of the user-defined studies that can be deleted. Select the
appropriate study and click the Delete button to delet the study. If no studies are listed,
that means that there are no user-defined studies and therefore the deletion is not
possible.

12 Carbon footprint summary

A summary of the results of a carbon footprint study can be obtained via the CF
Summary/View CF Summary menu option. This takes the user to a page with tables and
graphs that summarise the analysis (Figure 30). The summary can be printed out by
selecting Print summary from the CF Summary menu option.

An inventory of the materials, energy and packaging used in the analysis can be viewed

by selecting the CF Summary/View Inventory menu. A partial view of the tables is shown
in Figure 31.
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Back to
analysis Summary: Acrylic acid from sugar beet (system expansion)

Back to top level

Carbon footprint by category
10.00
: 7.59
5
< 8o = 589
g 600
o 4.00 —
0O Raw materials 8 200 —
P UoT 01T 000 01T 000 000
W Production £ 0.0o T T T T T T T |_| T T
O Storage g ~-Z2oo
400 183
O Use
& @ .
o4 8% O Transpart ‘g@ & N ?,;}“QJ ‘k\a‘-s' < dfﬁf’e S
A < &\\@’ TS & & \‘P
& & R &£ &
< \@2@ \,-aﬁb S
Total carbon footprint: 5.89 tonne CO2 eq.if.u. @5'5‘ <&
i Carbon footprint by stage
Carbon footprint by stage Analysis name: Functional u
Acrylic acid from sugar beet (system expansion) 1tonne
7.00 a 674 tonne COZ eq.
. 6.00 i - Raw Materials 031
2 £.00 I — Sugar beet cultivation 0.40
4 ggg | Wyashing, shredding & diffusion 028
o 500 Drying of anirmal feed 5.36
=] 100 021040098 || n28 g5, -0-530425 30 ggq| | 040 | Purification & concentration 0.29
2 R L A s T Fermentation 0.16
e -1.00 1] Lltra filtration 0.0a
% gg 1 Extraction 0.63
» Distillation & back extraction 0.42
.A\Q@. q}\u? \éﬂ(\ \abb- W,b\o"t l?,gu"\ 7’5-@0 .:,L\QQ 1,;\00_ c}\b% r@?\an@‘%z \)QP_ ngn@-‘" N:.:’.ﬁ?’Adﬁ Eﬁrying ?f waste solids 9 ?9

Figure 30 (Partial) View of the summary screen

Print inventory

Inventory analysis: Acrylic acid 1tonne

Raw materials: Amount {tonne) Stage: Database section

Farm yard manurefslurry 177 Wheat cultivation CCaLCIMaterlatlusrfeEllofuels!agncul
K Fertiliser 0.0z Wheat cultivation CCaLCIMater|atlusrfeB|0fueI5!agncul
M Fertiliser 0.1 Wheat cultivation CCaLCfMaIErlatLS:’eBIUfUE|5fangEU|
P Fertiliser 0.0z Wheat cultivation CCaLCIMateriatlusrfeEliofuelsfagricul
Pesticides 5.40E-04 Wheat cultivation CCaLCfMaterlatIlea;’eBmfuelaJagrmul
Seeds - YWheat 0.10 Wheat cultivation CCaLCfMateriatlusrfeBinueIS!agricul
Diamrnoniurn phosphate (21% conc.) 0.04 Fermentation CCalCMaterials/Chemicals
Alarmine 0.01 Eutraction CCalC/Materials/Chemicals
Octanol 0.01 Extraction CCalC/Materials/Chemicals
Energy: Amount (M.J) Stage: Database section
Diesel (used in farm machinery) 4,540.70 Wheat cultivation CCalC/Energy
Electricity-CHP-5 510.93 Milling & hydrolysis CCalC/Energy
Heat-CHP-5 1,626.06 Milling & hydrolysis CCalC/Energy
Electricity-CHP-5 141048 Fermentation CCalC/Energy

Figure 31 (Partial) View of the inventory screen
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13 Data comparison

Up to four analyses can be compared for either carbon footprint, water footprint, other
environmental impacts or value added. This can be carried out via the Comparison
menu and choosing the appropriate option (carbon footprint, water footprint, all impacts
or value added).

To compare the alternative/different systems:

e Click the Comparison/Appropriate option from the CCaLC menu option; this takes
the user to the appropriate tables (see Figure 32 showing an example for the carbon
footprint)

¢ If any data are shown in the tables that are not part of the desidered comparison
analysis, click the Clear data button; this will delete any previous data that the user
does not wish to consier

e Click the Add current analysis button, to add the data from the current analysis; if
there were no other data in the tables, the data will be added to the first table;
otherwise, the data will be added to the next empty table

e |If all four tables are populated by data, the user will be given a choice as to where
they would like new comparison added.

A graphical comparison of the data in the tables can be viewed by clicking on the View
graphs button at the top of the sheet.

Add current
analysis

1 Functional unit 2 Functional unit
Acrylic acid from sugar 11 Clear data Clear data
beet (system expansion} onne

tonne CO2 eq.f.u.
Raw Materials 0.31

Back to top level

‘ View graphs ‘

Sugar beet cultivation 0.40

Washing, shredding &

diffusion iz

Drying of animal feed 5.36
F'unﬂcatlur! & 079
concentration
Fermentation 0.16
Ultra filtration 0.05
Extraction 0.53
Dlslll\at_mn & back 042
extraction
Drying of waste solids 0.20
Stage 10 0.00
Storage 0.00
Use -1.83
Transport 0.11
Total inc. Co-products 6.29 Total inc. Co-products
Co-products 0.40 Co-products
Total per f.u. 5.89 Total per f.u.
Raw Materials 0.31 Raw Matertials
Energy 7.58 Energy
Direct GHG emissions 0.11 Direct GHB emissions
Packaging 0.00 Packaging
Transport 0.11 Transport
WYaste 0.00 Waste
Land use change 0.00 Land use change
Stored carbon -1.83 Stored carbon
Total inc. Co-products 6.29 Total inc. Co-products
Co-products 0.40 Co-products
Total per f.u. 5.89 Total per f.u.

Figure 32 (Partial) View of the carbon footprint comparison sheet
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14 Sharing user-created studies and results between users

14.1 Importing and exporting studies

User-created studies can be shared between users via the CCaLC menu option Share
data.

To export studies, choose the Export study option. This brings up a form shown (Figure
33) that allows the user to select an analysis that has already been saved and then
export it. This action will create a new excel file entitled CCaLC_xxxx.xls which the user
can then re-name as required and then save. This file contains all of the analyses
exported, along with any additions made to the database.

Select Analyses to export: El

Acrvlic acid-wheat-sys.exp,

Binethanol-sug.beet-alloc.

Chicken meal - homemade

Chicken ready made meal

Croda product

Lamb meal - homemade

Lamb ready made meal

LLDPE-sug.beet-allocation

LLDPE-sug.best-sws.exp. ﬂ

Export data

Exit: ‘

Figure 33 Study export form

To import a previously created analysis, the user should select the Share data/lmport
menu item. This then prompts the user to locate the previously created CCaLC_xxxx.xls
(or user renamed) file in the desired directory. Once this is done, the user will be offered
a choice of saved analyses to import (Figure 34). Multiple analyses can be selected at
the same time.

Select data to import: §|

Import data

Exit: ‘

Figure 34 Data import form
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Selecting one or more analyses from the list and clicking Import data will import the
selected analyses to the tool and update the database accordingly. Imported analyses
can then be examined using the Load CF Study menu item (section 11.1).

Note: In order for any of the import/export functions to work, the CCaLC tool must
be the first and only excel workbook open. If this is not the case, the user will be
prompted to close any other open excel files.

14.2 Exporting comparisons

Data from any comparisons made using the Compare menus can be exported using the
Share data/Export comparisons menu. This creates a new workbook Comparison
export.xls. This workbook contains all the comparison data as well as the appropriate
graphs and can be modified by the user as any other Excel file.

14.3 Exporting graphs

Graphs from the analysis can be exported using the Share data/Export graphs menu.
This creates a new workbook Graph_export.xls (which can be renamed) which contains
all the graphs from the analysis. This function enables the user to change the graphs
and the related data as they wish.

15 Importing data sets

15.1 Importing data using the CCaLC template

The CCaLC data template can be used to import large amounts of data into the tool. It is
more efficient than entering data individually through the user-forms.

To import data via the CCalLC import template, click on the Data Import/CCalLC
Template menu option at the top of the screen. This brings up the CCalLC template
shown in Figure 35. The user has to enter into the template the relevant data for the data
sets in question, including which section of the database it is destined for (e.g. material,
energy etc.). Instructions for filling out the form correctly are shown at the top of the
screen. Note that an entry must be completed (i.e. the cursor must be outside a cell) for
the function buttons to work.

Once the fields have been filled out correctly, the user should click the Import data
button at the top of the screen. If any of the requisite fields are not filled out correctly,
the user will receive a warning and the data will not be imported.

Once imported, the data are then available for use in the tool. Data can be cleared from
the table by clicking on the Clear data button.
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For database section enter an integer: 1= Materials; 2 = Energy; 3 = Waste; 4 =
Packaging; 3 = Transport

Import data

Clear data
Use the following units: Materials, Packaging, Waste: kg; Energy: MJ;

Transport: v.km (vehicle km)

Example in green

Ozone Layer Photochem. Human Toxicity

Carbon Acidification | Eutrophication Depletion Ozone Creation | Potential (HTP

Footprint Potential (AP) | Potential (EP) |Potential (ODP)|Potential (POCP) inf)
Name: Database section: | kg CO; eq./unit| kg S$0:-eq./unit |ky POs-eq./unit| kg R11-eq./unit| kg C;H,-eq./unit | kg DCB-eq./unit Unit:
20 Tonne truck (EU) 5 187 1.01E-02 1.56E-03 1.00E-08 1.02E-03 797E02 v.km

Figure 35 (Partial) View of the CCaLC data template screen

15.2 Importing ILCD data

CCaLC contains all available data sets available within the International Life Cycle
Database (ILCD) at the time of release of this version of the tool (January 2012).

Further ILCD data, when available, can be imported by using the Data Import/ILCD
menu option. This takes the user to the ILCD template import page where data from the
ILCD data-set should be copy-pasted. ILCD data sets can currently be viewed at:
http://Ica.jrc.ec.europa.eu/lcainfohub/datasetCategories.vm This assumes that the format
of the ILCD data will not change from the format available at the time of the launch of V3
of the CCaLC tool.

To import the ILCD data:

open the HTML file to be imported and select the entire list of output flows — see
Figure 36

select the cell A10 on the ILCD template sheet and paste the data into it

click on the Remove hyperlinks button to remove any links to the HTML file; once this
has been done the template should look like that shown in Figure 37

click on Import data button to import data; this takes a few minutes

to import further data sets in the same manner, clear the template by clicking the
Clear All button.
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Process data set: Waste incineration of biodegradable waste frac waste [ - Windows Internet Explorer
LS A ‘E http: flca.jre. ec.europa. eujlcainfohub/datasets fhtmlfprocesses/3c0al 214-F4b2-4254-8f ca-1d9e6ee9539F_02.01.000.html V| || % |
T;? [@Pmcass data set: Waste incineration of biodegradabl... l } ﬁ - D om - ._\f Page
Tlow TENEWaDE Slement (eS0UICEs from ground = Secondary
Outputs
Type Of P . Data deriv.
yp Classification Flow Resulting amount Mean amount Data source type
Flow sta
ssis foud D 20108226324412E-5 o e
icroiion wasts (unspecified] 0.0675303456342008 kp (Maso D 06753045854200 incnonn d
Dl &k samanssassase 5 ko (ass) 52T 30058528385E-4 Caleulaied
Jiaste flond 7 743751 0566255455 ki {Mass] 7 74575105662554E-9 JUnkown der
0. 7638375385231 18 kg (Mass EREEE
50.9814255978426 kg (Mass] 50. 5814268576428 |Uninown der]
i o 3085730572226 Cakulied
0 0285777813820349 Calculied
jastes / Production resid 80 8516210488477 kg (Mass) 0. 8516210488477 |Unimown der]
st o rkoun e
e kel % 253554725115 Ky (s [ w00 123505472531 1520 e P e [Uninown der
= Juranium depleted; reactor fuel assembly suppty; production mix, t piantll0.000150834745392729 kg (Mass) D DDD150854 7453527 2o o0 PR |Unknown der
_— - jseconda
Eleme: E::sior\slEmE-sionsmwalerlEmlssnns o fresh [ emoetiand S e e —:fedpnnaly.' [oiconn der
= e = B ) 2 sichioropropans) 5.04230565201007E15 kg (Mass G 04230560526 100TE- 15 o £ =l |Uninown ded

Figure 36 (Partial) View of ILCD HTML file with data to be imported highlighted

. Remove
Back to analysis Clear all hyperlinks Import data
Name of d [Amount {either kg/MJ/kg.km}: |
1 |
Type Of Flow: |Clasiﬁcation: |Flow: |Resu|ting ameount: |Mean amount: \
Waste flowExchange of matl Wastes ! Radioactive waste calcium fluoride; reactor fuel assem| 2.20106226324413E-5 kg (Mass) 2.20E-05 Mixed pr
Waste flowExchange of matl wastes | Construction waste demalition waste (unspecified) 0.0679308498842009 kg (Mass) 0.06792085 Mixed pr
Waste flowExchange of matl wastes ¢ Radioactive waste highly radinactive waste; reactor fue 6.52730098528985E-5 kg [Mass) 6.53E-05 Mixed pr
Waste flowExchange of matl Wastes I Radioactive waste medium and low radioactive wastes, 7.74979105662954E-5 kg [Mass) 7.75€-05 Mixed pr
Waste flowExchange of matl Wastes § Mining waste rinetal treatment residue (unspecifi 0.76983753892218 kg (Mass) 0.769837539 Mixed pr
Waste flowExchange of matl Wastes I Mining waste overburden (unspecified) 60.9814258972428 kg (Mass) €0.981259 Mixed pr
Waste flowExchange of matl wastes ¢ Radioactive waste plutonium as residual product; react 1.3065730972222E-7 kg (Mass) 131E-07 Mixed pr
Waste flowExchange of matl wastes ¢ Radioactive waste radioactive tailings; reactor fuel asse 0.0385777813826348 kg [Mass) 0.038577781 Mixed pr
Waste flowExchange of matl Wastes # Production residues slag (unspecified) 60.8516210488477 kg (Mass) 60.85162105 Mixed pr
Waste flowExchange of matl Wastes I Radioactive waste slag (uranium conversion); reactar fi 0.000130461961486889 kg (Mass) 0.000130462 Mixed pr
Waste flowExchange of matl Wastes ¢ Mining waste tailings (unspecified) -0.523239899438182 kg [Mass) -0.523239899438182 Mined pr
Waste flowExchange of matl wastes | Radioactive waste unspecified radivactive waste; react: 0.000129955472531183 kg (Mass) 0.000129955472531183 Mixed pr
Wiaste flowExchange of matl Wastes ¢ Radioactive waste uranium depleted; reactor fuel asser 0.000150894745392728 kg (Mass) 0.000150894745392729 Mixed pr
Emissions ! Emissions to water ! . )
Elementary flowExchange be Emissions to fresh water 1 2-dibromaoethane -1.03992098 M5005E-12 kg (Mass) -4.03992098145005E-13 Mixed pr
Emissions | Emissions to water / . )
Elementary flowExchange bi Emi ns to Fresh water 1 2-dichloropropane 9.04230969261067E-15 kg (Mass] 3 04230969261067E-15 Mixed pr
Emissions ! Emissions to air { . )
Elementary flowExchange be Emissions to unspecified 1.3 5trimethylbenzens 2.72237164934572E-12 kg [Mass) 2.7323TI64934672E-12 Mixed pr
Emi sions to air {
Elementary flowExchange be Emi unspecified 237 B-tetrachlorodibenzo-p-dioxin - 8.22153158223463E-11 kg [Mass) 9.22153158223463E-11 Mixed pr
‘missions ! Emissions to water
Elementary lowExchange be Emissions to fresh water 2,37 B-tetrachlorodibenzo-p-dioxin - 4.51832871582608E-20 kg (Mass) 4.51832671562608E-20 fixed pr
Emissions | Emissions to water / )
Elementary flowExchange be Emissions to fresh water acenaphthene 1.0833504899442E-9 kg (Mass) 1.0833504599448E-9 Mixed pr
Emissions | Emissions to water {
Elementary flowExchange be Emissions to sea water acenaphthene 3.65233301550003E-8 kg (Mass) 365233 381550003E-8 Mixed pr
Emissions ! Emissions to water ! )
Elementary flowExchange be Emissions to sea water acenaphthylena 1.38802926557046E-8 kg [Mass) 138802926557 046E-8 Mixed pr

Figure 37 ILCD import template page after pasting the data and removing
hyperlinks
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16 Calculating water usage and water footprint

In addition to the carbon footprint, it is possible to estimate the impacts from water
usage. Two values are estimated:

water usage; and

water footprints.

The former represents a simple sum of the total water usage in the life cycle of the
product and the latter follows the methodology proposed by Pfister et al. (2009). The
methodology used for water-related estmations is explained in Appendix 3.

The database containing the water usage data is different to that containing the main
environmental impact data and the water-footprint is calculated in a separate area of the
tool.

16.1 Switching between water footprint and value added

The button labelled ‘Switch: Value added/Water footprint’ may be used to alternate
between a display of value added data (in blue) and water usage data (in green). This
data is displayd in addition to the carbon footprint data (shown in red throughout).

16.2 Populating the water footprint data

By clicking on the ‘View water usage/water footprint’ the user is taken to the water usage
screen. This is shown in Figure 38. The total water usage for the stage is shown at the
top of the screen along with the water footprint data. The difference between these is
discussed below. If some water data are missing, a warning is shown at the top of the
screen.

Back to View missmg

Define water

Warning: some water usage data are missing
previous level data Ve il data ! ! !
Total water usage: 4.38E02 m’ifu.
Total water footprint (stress weighted): 1.31E02 m’ eq.ffu.
Water
Blue Green Total Blue Green — . footprint
Data set Stage Amount fu. | water | water | water | water | water Tota; __w‘“el C?um.ly of _W“.Iell (stress
{mEunit) | (m®/unit) | fmPunit) | m3 ) | (mdha) fm"ft.u) impact|stress index weighted)
(m® eq.fu)
Raw materials -» Grape
Diesel cultivation and harvest 7.00E-03 ky 0.76 0.00 076 |532E-03[ 0.00 5.32E-03 Aaustralia 0.40 2 14E-03
Raw materials -» Wine
Diesel production and bottling 1.00E-03 ky 0.76 0.00 0.76 |76OE-04[ 0.00 7.B0E-04 MAA AA 0.00
Raw materials -» Grape
N Fertiliser cultivation and harest 1.13E-02 kg 0.05 0.00 0.05 |588E-04] 0.00 5.85E-04 Australia 0.40 2.36E-04
Raw materials -» Grape
P Fertiliser cultivation and harest 2.80E-02 ky 0.05 0.00 0.05 |146E-03[ 0.00 1.46E-03 Australia 0.40 5.85E-04
Raw materials -» Grape
Pesticides cultivation and harest 9.80E-03 ky 0.05 0.00 0.05 |510E-04[ 0.00 5.10E-04 Australia 0.40 2.05E-04
Raw materials -> Grape
Petrol cultivation and harvest 3.00E-03 ky 0.76 0.00 076 |2.2BE-03] 0.00 2.28E03 Australia 0.40 9.17E-04
Raw materials -> YWine
Petrol production and bottling B.00E-03 ky 0.76 0.00 0.76 |486E-03[ 0.00 4.56E-03 MFA, IEA, 0.00
sodium hydroxide, 50% in Raw materials -> YWine
H20, production mix, at plant production and battling 1.00E-03 ky 0.16 0.00 0.16  |1.60E-04] 0.00 1.60E-D4 China 0.45 7 BBE-05
electricity, medium voltage,
production GB, at grid Grape cultivation and harrest 0.13 md 400E-02| 0.00 |4.00E-02)52BE-03] 0.00 5.28E-03 Australia 0.40 2.12E-03
electricity, medium voltage,
production GB, at grid WWine production and battling 0.41 wd 4.00E-02| 0.00 |[4.00E-02|164E-02] 0.00 1.B4E02 Australia 0.40 B.58E-03
Wine (Green glags2, 0.75 1,
85%R, 15%L) “W¥ine production and bottling 0.47 ky 9.97E-04 | 1.27E02 |1.37E-02 |4 72E-04| 6.00E-03 | B.47E03 Australia 0.40 1.90E-04
Total:|3.78E 02| 6.00E03 | 4.38E402 Total:] 1.31E02

Figure 38 Water usage/footrpint screen
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Water usage data are defined using the Define water data button. This brings up the the
user form as shown in Figure 39a. By using the drop down menu at the top of the form,
the user can select different stages. When a stage is selected, the two list boxes on the
form will be populated. The top box will show data sets at this stage that currently have
no water footprint data associated with them. The bottom box shows data sets for which
water usage has been defined (and may be modified). The user can define data by
selecting an item from the relevant list box and clicking the Define water usage button.
The Define water usage for data set form is then shown (Figure 39b).

This form allows the user to associate water usage with a particular data set. There are
two options:

e to enter user water usage data or

¢ to select an item from the CCaLC water use database to associate with the data set.

Water is defined as blue and green water, the sum of which represents the total water

usage. A brief discussion of the meanings of these terms is given in Appendix 3. The

user may choose which method to use by clicking on the radio buttons near the top of

the form:

e f the Define data button is slected, the first section of textboxes will become active
and the user can simply enter water usage data in terms of m?® per unit;

o if the Select from CCaLC is selected then the user can select an item from the drop-
down menu that approximates the original. Water usage data and references are
shown greyed out and cannot be modified.

Define water usage data: g| Define water usage for data set: E|

Mame: |

Select analysis stage:

Stage: |

o ape cultivation a arvest j Define country data

| Grape cultvation and haryest The water stress index for a given country is used ta obtain the
. - . water Footprint From the water usage data.

The folawing data need defining For water usage at this stage:

Counkry: WWater stress index:

| australia =1 |
Process waker

i Define waker Define your own data or select an approximation from the CCalc
Baricultural water e s

" Define data

" Select from CCalC water use database

Define daka
Elue waker {m3fM1)
Gresn water (m3MI1)
Total water {311}

The Fallowing data may be re-defined for waker usage at this stage: Sl frem CERUE sy ues dEkEEese

3 Elue water {m3iMI)

Define water Update
U5age Green water {m3fMI1;

Total water {311}

Locatian:

Commenks;:

Exit
Exit ‘

a) b)
Figure 39 Define water usage form

=

electricity, medium voltage, production GE, at grid
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The drop-down menu at the top of the form contains a list of countries that have water-
stress index values associated with them. This may be left blank, or a country selected in
order to calculate water footprint data from the existing water usage data. The water
footprint is the product of the blue water usage for a specific data set and the water
stress index. A further discussion of this is given in Appendix 3.

When the Update button is clicked, the water usage table is populated with data. The
data is also shown in green at each of the stages in the analysis.

16.3 Missing water data

Missing water data can be viewed by clicking the View missing data button at the top of
the screen (see Figure 40).

Back to water Define water
usage table data The following deo not have any water usage data defined:
Data Data type Stage
Alamine Ilaterials Faw materials
Diammanium phosphate (21%
cone.) haterials Raw materials
Farm yard manure/slurry Materials Raw materials
K Feriliser Ilaterials Faw materials
I Fertiliser Ilaterials Raw materials
Octanal haterials Raw materials
P Feriliser Materials Raw materials
Pesticides Ilaterials Faw materials
Seeds - Wheat Ilaterials Raw materials
Diesel (used in farm machinery) Energy Wheat cultivation
Electricity-CHP-5 Energy Milling & hydralysis
Electricity-CHP-5 Energy Fermentation
Electricity-CHP-5 Energy Wltra filtration
Electricity-CHP-5 Energy Euxtraction
Electticity-CHP-5 Energy Distillation & back extraction
Electricity-CHP-5 Energy Drying of waste solids
Heat-CHP-5 Energy Iilling & hydrolysis
Heat-CHP-S Energy Extraction
Heat-CHP-5 Energy Distillation & back extraction
Heat-CHP-5 Energy Drying of waste solids
40t truck Transport Matural drying--—->
A0t truck Transpor Processing--—>Storage

Figure 40 Table showing missing water data

16.4 Water usage graphs

Water usage and water footprint summary graphs can be viewed by clicking the View
graph button. Graphs showing contribution of different stages to water usage are further
also available.

17 Calculating other environmental impacts

In addition to the carbon and water footprints, the following other environmental impacts
can be calculated in CCaLC:

o Acidification potential
o Eutrophication potential
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e Ozone depletion potential
e Photochemical ozone creation potential
e Human toxicity potential.

The results for these impacts can be seen by clicking on the View other environmental
impacts button at the top top level of the tool.

If the data for these impacts are incomplete, a message is displayed in red font, stating
‘Warning: LCA data for some impacts are missing. To complete the analysis, click
the button “Define other environmental impacts”.

If the user wishes to define the above environmental impacts, it is necessary to supply
the relevant data. To do this, click on the Define other environmental impacts button.
This brings up the form as shown in Figure 41.

To define the environmental impacts, select the item of interest
below and click the button 'Define impacks', If noitems are shown
below, then all the impacts have been defined.

Alamine Pa

Diarmronium phosphate (21% conc.) Define impacks
Farm ward manure/slurry

K Fertiliser

I Fertiliser

Octanol

P Fertiliser

Pesticides

Seeds - Wwheat

Diesel (used in Farm machinery) j

To change the previously defined impacts, select the item of
interest and press the 'Modify impacts' button,

Bio-ethanal fram carn -
Electricity - wind Modify impacts
Calcium chlaride

Catbon dioeide (CO2)

Coke

Diarmrmoriurn phosphate

Farri ward manuresiurry

Hydrogen (from Matural gas)

K Fertiliser

Machinery -Farm

M- Fertilizer j

Exit:

Figure 41 Modifying user data for other environmental impacts

The top text box Figure 41 shows the data sets for which other impact data are missing.
To specify missing data, select a data item and then click on the Define impact data
button.

The bottom text box shows the user defined data sets for which impact data can be
modified. To modify data, select a data set and then click on the Define impact button.
Both buttons bring up the same user form (Figure 42). The form allows the user to
specify the impact data for a specific data set by filling in the text boxes and clicking the
Update data button.
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Impact data for, Diammonium phosphat...

Enter LCA data For the impact categories listed below:

Acidification pokential (kg sulphur 0.00E+00
diawide eq. fka)

Eutrophication potential (kg 0,00E+00
phosphate eq. fkg)

Czone laver depletion potential 0.00E+00
potential (kg R11 eq. fkag)

Photochemical ozone creation 0.00E+00
potential (kg ethene eq, fkg)
Human koxicity potential (kg 0.00E+00
dichlorobenzene eq./ka)

Update data Exit

Figure 42 Define impact data user form

18 Calculating value added

Value added can be calculated by adding cost data at various points in the analysis (e.g.
while defining materials, waste, transport etc.) The value added are shown in blue font
above each stage as well as in the value-added tables.

To view a summary of the value added data, click on the View value added analysis
button at the top of the tool. This takes the user to a summary value-added table (see
Figure 43). The table lists the costs in each stage and value of the outputs, along with
the overall value added for the analysis. If some cost data are missing, a warning is
shown in blue stating that “Some value-added data are missing or are zero”. The missing
data can be seen by clicking the View missing data button (Figure 44).
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@_‘I File  Summary Comparison CF study  Share data  Dataimport  CCalCHelp  Help

et i R

=1

r‘_’, Go bo Office Live | Open ~ | Save + E

Back to top level

WView graph

(5] File

CF study

Warning: some value data are missing or are zero

View missng data
Value of stage Value added at
Stage Costs () outputs (£) stage (£)

Raw materials 97.37 0.00 9737
YWheat cultivation 104.59 477 44 37285
MNatural drying 390.89 392.92 2.03
Milling & hydralysis 437.40 906.75 469.35
Drying of anirmal feed 0.00 0.00 0.00
Fermentation 954.14 24415 -710.00
Ultra filtration 140.76 126.81 -13.96
Extraction 282.89 500.00 31711
Distillation & back extraction 723.98 300.00 176.02
Drying of waste solids £9.39 0.00 -59.39
Stagel0 0.0o 0.00 0.00
Storage 200.00 200.00 0.00
Use 0.00 0.00 0.00
Transport 30.00 PAA INFA

Total costs (£): 1,121.73

Value of outputs {£): 4,548.06

Total value added (£): 426.34

CF Summary

Figure 43 Value added summary

Comparison  Share data

Drata impork

CCalC Help

Help

Back to value added

The following data do not have any value added data associated with them:

Data set Stage Data type
Alamine Extraction Materials
Waste solids Ultra filtration Material output
WWaste solids (stillage) Milling & hydrolysis Material output

Figure 44 Summary of missing cost/value data

19 Example case studies

To aid the user in carrying out their own studies, the CCaLC tool has built in 54 example

case studies in the following sectors:
o Biofeedstocks and biofuels;

Packaging;

[}
e Chemicals and related; and
[ ]

Food and drink.
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Some of these are detailed below.

The case studies can be modified to suit the user and saved under a different name. The
modified studies will be placed automatically within the User-defined case studies.

19.1 Biofeedstocks: PLA from wheat

19.1.1 Introduction

This section provides a brief description of the PLA case study based on Mortimer et al.
(2009) and Mortimer et al. (2004).

The LCA study follows the ISO 14044: 2006 and PAS 2050: 2008 methodologies as far
as possible. The following sections describe the goal, system boundaries and inventory
data used for the case studies.

19.1.2 Goal and scope of the study

Goal of the study: The main goal of this study is to provide a carbon footprint analysis of
PLA from wheat.

Functional unit: The functional unit of this study is defined as ‘1 tonne of PLA’.

Scope and system boundary: The system boundaries are from ‘cradle-to-gate’ for PLA.

As shown in Figure 45, the life cycle stages include:

e raw materials extraction and production;

e wheat cultivation;

e PLA production processes (milling & hydrolysis, sterilisation and fermentation,
filtration, purification & crystallisation, polymerisation & crystallisation and
packaging); and

e production of co-products.

Some aspects of the life cycle supply chain are not considered due to limited data
availability and they include:

e water used for agricultural and industrial processes; and

e wastewater discharged from agricultural and industrial processes; and

e transport of raw materials and waste.
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Chemicals Fertilisers
- Sulphuric acid (93% conc.) - N Fertiliser .
- Calcium carbonate Szl - P Fertiliser Pesticides
- Diammonium phosphate - K Fertiliser
- Calcium chloride - Farm yard manure

Dried wheat

Fermentable sugar in solution

Lactic acid in fermentation
broth

Lactic acid in permeate

Crystallised lactic acid

Crystallised polylactic acid

Figure 45 System boundary for PLA from wheat
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19.1.3 Inventory analysis

Raw materials and energy: The inventories used for this study include the raw materials
(fertilisers, pesticides and chemicals) and energy used for agricultural and industrial
processes. These inventories are presented Table 1 and Table 2.

Table 1 Raw materials inventory

Quantity
Raw materials (tonne/functional unit)

Agricultural stage
N Fertiliser 8.13E-02
Farm yard manure/slurry 1.35E+00
P Fertiliser 1.33E-02
K Fertiliser 1.67E-02
Pesticides 4.13E-04
Seeds — Wheat 7.49E-02

Production stage
Sulphuric acid (93% conc.) 6.26E-01
Calcium Carbonate converted to CaO 4.22E-01
Diammonium phosphate (21%
concentrated) 3.88E-02
Calcium chloride 1.25E-03

Packaging
Polythene bags | 0.004
Table 2 Energy inventory
Quantity
Energy (MJ/ functional unit)
Agricultural stage
3,457

Diesel

Production stage
Electricity 7,265
Heat 38,208

Transport: The transport distances in the life cycle stages are assumed to be as:
e Transport of wheat from farm to the PLA plant: 186 km using 40 t truck.
e Transport of PLA from farm to the storage: 450 km using 40 t truck.

Co-products: Co-products and their quantities, energy content and economic value are
listed in Table 3.

Carbon storage in the product: 1.94 tonne CO, eq./ tonne of PLA.
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Table 3 Co-products

Co-products Quantity Energy content | Economic value
(tonnes) (MJ/tonne) (Eltonne)
Agricultural stage
Straw | 2.61 | 12,678 | 44
Production stage
Animal feed 1.926 18,200 80
Gypsum 1.01 0 3

19.1.4 Impact assessment

The results of the carbon footprint analysis of PLA from wheat (economic allocation) as

modelled in the CCaLC tool are shown in Figure 46. The carbon footprints are 2.22

tonne CO, eq., per tonne of PLA. The ‘production’ stage is the major ‘hot spot’ along the
supply chains of PLA (Figure 47). This is mainly due to the use of energy in the

production of PLA.

@_] File CFstudy ©CF Summaty Comparison  Sharedata  Dataimport CCalCHelp  Help

Eniter systemn Switch: value View carhon iew carhon data V1_ew other View value added Allocation
details addedfwater footprint graph quality gl analysis SULTITIALY
footprint impacts
Functional unit (f.u) PLA from wheat (allocation) 1 tonne
-123.88 1,265.94 0.00 0.00
120 3.53 0.00 -1.94
0.00 -30.00 0.00
0.00 0.03 0.00
Raw Materials E Transport Production Transport Storage Transport Use
000 |3 |ooo 0oo | 5| ooo ooo |5 | ooo oo |5| ooo
= = = =
“w 7] @n Wi
= = = =
2 2 2 =2
a Et S a
Waste Management
Key:
Total carbon footprint: 222 tonne CO2 eq.if.u. Carbon footprint tonne CO2 eq./f.u.
Total value added: 1,102.06 £ifu. Walue added £ifu.

Warning: some value-added data are missing or are zero

Study name: PLA-wheat-allocation

Figure 46 Carbon footprint of PLA from wheat
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IE_] File  Summary Comparison CF study  Sharedata Dataimport  CCalCHelp  Help
P en a2 o) o B ) B

t'j Go ko Office Live | Open * | Save T E

el o g vl Summary of Carbon Footprint

4.00 353
= 2.87
= 300
= 222
u —_—
S 200
2
U 1.20
§ 1.00 + ot
=
=3 0.00 0.08
m OOO T T T T T T T
o~
3
o -100
=
5
< -200 191

Flat Area
-300
Raw Production  Storage Use Transport  Totalfu. Co- Total inc.
materials products Co-
products
View gaph |  View gaph |  View graph ‘ View graph | View graph View graph

Figure 47 Contribution of life cycle stages to the total carbon footprint
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19.2 Food and Drink: Lunch at a sandwich bar

19.2.1 Introduction

This report aims to provide a brief description of a food case study in the CCaLC tool.
The study corresponds to the calculation of life cycle GHG emissions for a typical
packed lunch consumed at a sandwich bar in the UK.

The LCA study follows the ISO 14044 and PAS 2050 methodology as far as possible.

The following sections describe the goal, system boundaries and inventory data used for
the case studies.
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19.2.2 Goal and scope of the study

Goal of the study: The main goal of this study is to provide a carbon footprint analysis of
a typical packed lunch consisting of a sandwich, potato crisps and a beverage.

Functional unit: The functional unit of this study is defined as ‘an individual serving of
packed lunch consisting of a packed sandwich, a packet of potato crisps and a bottle of

soft drink consumed at a sandwich bar”.

Scope and system boundary: The system boundaries of the study include ‘cradle-to-
grave’ analysis for the lunch considered. As shown in Figure 48, the life cycle stages

include:
e production of ingredients;
e manufacture of packaging;
e preparation of mayonnaise;
e preparation of ingredients;
e assembly of sandwich;
e consumption of lunch; and
¢ landfilling of waste food and packaging.
Mayonnaise ingredients
Vegetables
Soft drink Rota Chicken Broad =Yomata s | |ingn
crisps meat - Cucumber - Vagetable oil
- Lettuce San
Meat Mayonnaise
grilling preparation
- Energy - Energy
I |
Packaging Eignng;l;:h assembly at kitchen

Y

Consumption of lunch at sandwich bar
- Energy
v v
Landfilling of Landfilling of
waste food waste packaging

Figure 48 System boundaries for a packed lunch (T = Transport)

19.2.3 Inventory analysis

Egg whites

Raw materials and energy: These inventories are presented in Table 4 and Table 5.
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Table 4 Materials inventory

. . Quantity
Material Life cycle stage [g functional unit]
Eggs 6
Vinegar Mayonnaise preparation 2.20
Vegetable oll y prep 15.2
Salt 0.3
Chicken meat Meat grilling 60
Bread 90
Cheese 40
Tomato 20
Lettuce . 20
cucumber Sandwich assembly 10
Potato crisps 35
Soft drink 500
Plastic packaging 12
Table 5 Energy inventory
. uantit
Life cycle stage Energy [kWh famational unit]
Mayonnaise preparation Electricity 4.40 E-05
Meat g_rllllng and kitchen Electricity 110
operation
g;)rnsumptlon at sandwich Electricity 08

Transport: Transport of materials between life cycle stages is assumed to cover a

distance of 50 km using a small van with a 7.5 tonne capacity.

Co-products and waste: In the mayonnaise preparation stage egg whites are produced
as a co-product (3.8 g). At the consumption stage, 80 g of food waste are generated,
corresponding to 30% of the sandwich (WRAP, 2008).

19.2.4 Impact assessment

The results of the carbon footprint analysis of the packed lunch as modelled in the
CCalLC tool are shown in Figure 49 and Figure 50. The total carbon footprint is 2.49 kg
CO2 eq. per packed lunch consumed by one person at a sandwich bar.

The raw materials, production and use stages contribute 45.3%, 31% and 23.1% of the
total life cycle GHG emissions respectively.
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Enter system S;”étc;f vahus View carbon View carhon data e;’\;:’?mnnt?r: A View value added Allocahion
details a fueotprwuiier footprint graph quality e analysis summary
Functional unit (f.u.) Lunch - Sandwich, soft drink and crisps 1 Serving
0.00 0.00 0.00 0.00
113 077 0.00 0.58
0.00 0.00 0.00
7.54£-03 0.00 0.00
Raw Materials g Transport Production Transport Storage g Transport Use
000 |3 000 0.00 | 3 | 394E08 000 [T | 000 0.00 B 6.03E-03
] H H E
3 ] 3 <
2 2 2 E
a2 a a 2
Waste Management
Key:
Total carbon footprint: 2.49 kg CO2 eq./f.u. Carbon footprint kg CO2 eq./f.u.
Total value added: 0.00 £ifu. Value added £if.u.
Warning: some value-added data are missing or are zero
Study name: Lunch (at sandwich bar)
Figure 49 Carbon footprint of packed lunch
Back to top level
Summary of Carbon Footprint
-‘é‘ 3.00
=1
= 2.49 2.49
5 2.50
=
1=
S
= 2.00 —
o
@@
3
3 1.50 —
2 113
1.00 077 —
0.58
0.50 —
0.00 0.01 5.85E-03
0.00 T T T T T T T
Raw Production Storage Use Transport Total fu.  Co-products Total inc. Co-
materials products
View graph |  View graph | View graph | View graph | View graph View graph
Figure 50 Life cycle stage contributions
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19.3 Packaging: Drinks Packaging

19.3.1 Introduction

This section provides a brief description of the packaging case studies in the CCalLC
tool. A generic study of three different types of beverage packaging (HDPE and PET
bottles and aluminium cans) used in the UK was carried out to analyse and compare
their carbon footprint while also identifying the hot spots along the supply chain.

The LCA study follows the ISO 14044: 2006 and PAS 2050: 2008 methodologies as far
as possible. The following sections describe the goal, system boundaries and inventory
data used for the case studies.

19.3.2 Goal and scope of the study

Goal of the study: The main goal of this study is to provide a carbon footprint analysis of
three types of packaging used in the UK:

e HDPE milk bottle (2.272 litre)

o PET water bottle (0.5 litre) and

e aluminium can for fizzy drinks (0.33 litre).

Functional unit: The functional unit of this study is defined as ‘the packaging system
required to deliver 1000 litres of beverage.

Scope and system boundary: The system boundaries of the study include ‘cradle-to-
grave’ analysis for the packaging systems considered. As shown in Figure 51-Figure 54,
the following life cycle stages are considered:

= raw materials extraction and production;

packaging production and transport to filling site;

tops and labels production and transport to filling site;

filling of the packaging;

distribution of the filled packaging to consumers;

transport of post-consumer waste to waste management; and

landfill, incineration and recycling of the waste packaging.

The following is excluded from the system boundary:
= energy used for storage at the retail stage;

= energy use at the consumption stage;

= carbon footprint of the beverage; and

= secondary and tertiary packaging.
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Raw materials

HDPE granulate

HDPE granulate

PP granulate

19.43 kg 0.76 kg 0.26 kg
v i A 4
o B?F“_te m;ilngulfg('\:g”'”g Top manufacturing Label manufacturing
: ectricity — : Electricity — 4.63 MJ Electricity — 1.21 MJ
Production [rhermal (N. ge:(s) -0.58 MJ Thermal (N. gas) — 0.02 MJ Thermal (N. gas) — 1.27 MJ
Water —58.11 kg Water — 2.26 kg Water — 0.76 kg
] ] ]
T T U
00 ki 100 km 00 k
¥ 0.75kg
Filling
FiIIing 1937 kE Electricity — 14.08 MJ 2'26 kg

»

Steam (N. gas) — 15.26 MJ
Water — 29.20 kg

00 k

Storage
20.38 kg

©-

Use
20.38 kg

a

Waste management

Landfill
20.38 kg

Figure 52 System boundary for the HDPE milk bottle (2.272 litre)
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Raw materials PET granulate

PP granulate

LDPE granulate

34.10 kg 451 kg 0.75 kg

Bottle manufacturing
Electricity — 170.00 MJ

Top manufacturing

Label manufacturing

i Electricity — 27.68 MJ Electricity — 1.25 MJ
Production  |rhermal (N. gkas) - 0.00 MJ Thermal (N. gas) - 0.14 MJ Thermal (N. gas) — 0.00 MJ
pliEer - sl Water — 13.5 kg Water — 0.22 kg
1 1 1
T T
00 k 00 k
* 4.5kg
Filling
crps 74 k
Filling 34kg > Electricity — 21.16 MJ 0' 9

Steam (N. gas) — 20.00 MJ
Water — 55.00 kg

4_@._.

Storage
39.24 kg

©

Use
39.24 kg

y
Landfill Incineration
Waste management 35.71 kg 353kg

Figure 53 System boundary for the PET water bottle (0.5 litres)
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Raw materials
&
Processing

Aluminium ingot
(can body — 48% recycled)
30.75 kg

Aluminium ingot
(can ends — 100% virgin)

9.43 kg

Aluminium rolling
40.18 kg

00 k

O

Production

Can manufacturing
Electricity — 64.72 MJ
—»| Thermal (N. gas) — 10.94 MJ
Hydrocarbon emission — 3.00E-3 kg

@._

Filling

¥ 39.30kg

Filling
Electricity — 22.43 MJ
Steam (N. gas) — 6.02 MJ
Water — 22.30 kg

4_@._.

Storage
39.30 kg

©

Use
39.30 kg

0.79 kg

A 2
Landfill Recycling
Waste management 20.48 kg 5.29 kg

Figure 54 System boundary for the aluminium can (0.33 litre)
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19.3.3 Inventory analysis

Description and weight of the packaging: The description and weight of the packaging
types are shown in Table 6. The different packaging materials have been obtained from

retail shops and weighted.

Table 6 Description and weight of the packaging materials

Description HDPE bottle | PET bottle AIUT;?]'um
. Mineral : .
Type of beverage Milk water Fizzy drink
Capacity (litres) 2.272 0.500 0.330
Number of bottles weighted 3 3 3
9.95 (can
Average weight per bottle (g) 44 17 body)*
Material for top HDPE PP AlMg3
3.05 (can
Average weight of top (g) 171 225 end)?
Material for label PP film LDPE film N/A
Average weight of label (g) 0.58 0.37 N/A
Bottle weight per functional unit (kg per
1000 1) 19.37 34 30.15
I';op weight per functional unit (kg per 1000 0.75 45 924
Label weight per functional unit (kg per
1000 I) 0.26 0.74 N/A
'{8)01(')A|I)_ weight per functional unit (kg per 20.38 39.24 3939

Manufacturing inventory: The manufacturing inventories for the packaging systems are
shown in Table 7-Table 9. The manufacturing data for the HDPE and PET bottles have
been estimated from Andrady (2003). The cans manufacturing data have been

estimated from confidential sources.

Table 7 Manufacturing data for HDPE milk bottle (2.272 litres)

Bottle Tops Label
Inventory Comments
manufacture | manufacture | manufacture
Electricity (MJ per F.U.) 119.13 4.63 1.21 | UK grid
Steam (MJ per F.U.) 0.58 0.02 1.27 | Natural gas
Water (kg per F.U.) 58.11 2.26 0.77

! The can body consists of 52% virgin and 48% recycled aluminium ingot (see Figure 54)
% The can end consists of 100% virgin aluminium ingot (see Figure 54 )
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Table 8 Manufacturing data for PET water bottle (0.5 litres)

Inventory Bottle Tops Label Comments
manufacture | manufacture | manufacture
Electricity (MJ per F.U.) 170 27.68 1.25 | UK grid
Steam (MJ per F.U.) 0.00 0.14 0.00 | Natural gas
Water (kg per F.U.) 3.40 13.50 0.22
Table 9 Manufacturing data for aluminium can (0.33 litres)
Inventory Can manufacture Comments
Electricity (MJ per F.U.) 10.94 | UK grid
Thermal energy (MJ per F.U.) 64.72 | Natural gas
Steel waste (kg per F.U.) 0.79 | Sent to recycling
Hydrocarbon emission (kg per F.U.) 3.00E-03

Filling stage: The energy (electricity and steam) and water requirement at the filling
stage for the three packaging types were estimated from Schonert et al. (2002) and are

presented in Table 10- Table 12.

Table 10 Energy and water data for filling the HDPE milk bottle

Inventory Amount Comments
Electricity (MJ per F.U.) 14.08 | UK grid
Steam (MJ per F.U.) 15.26 | Natural gas
Water (kg per F.U.) 29.20

Table 11 Energy and water data for filling the PET water bottle

Inventory Amount Comments
Electricity (MJ per F.U.) 21.16 | UK grid
Steam (MJ per F.U.) 20.00 | Natural gas
Water (kg per F.U.) 55.00

Table 12 Energy and water data for filling the aluminium can

Inventory Amount Comments
Electricity (MJ per F.U.) 22.43 | UK grid
Steam (MJ per F.U.) 6.02 | Natural gas
Water (kg per F.U.) 22.30

Transport: All transport distances in the life cycle stages are assumed to be 100 km
using 22 t trucks. The transport stages include:

transport of raw materials to the manufacturing site;
transport of packaging, tops/ends and labels from the manufacturing site to the filling

stage;

transport of the filled packaging from the filling site to storage at consumer, which
includes transport to warehouse and retail centres;
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= transport to landfill, incineration and recycling sites.

End of life scenarios: Different waste management scenarios have been considered for
the different packaging materials in this study as shown in Table 13. Note that for the
aluminium can closed loop recycling has been assumed for the can body so that
allocation (through system expansion) is only carried out for the can ends.

Table 13 Waste management considered for the packaging systems

Type of waste management HDPE PET Aluminium
bottle (%) | bottle (%) can (%)
Landfill 100 91 52
Incineration n/a 9 n/a
Recycling n/a n/a 48
TOTAL 100 100 100

19.3.4 Impact assessment

The results of the carbon footprint analysis of the packaging as modelled in the CCalLC
tool are shown in Figure 55-Figure 60. The carbon footprints of the three packaging are
respectively 70, 186 and 295 kg CO, eq. per 1000 litres of beverage. The raw materials
stage is the major hot spot for all three types of packaging, contributing 58%, 71% and
93% of the total carbon footprint for the HDPE, PET and Al containers, respectively.

\E_] Fle CFstudy CFSummary Comparison  Share data  Dataimport  CCalCHelp  Help Type a question for helf» = & X

Rz
IC]
Enter system Switch: value View carbon View carbon data Vg el View water usage/ Allocation
added/water p environrmental
details footprint graph quality water foctprint SUIMITTATY
footprint impacts
Functional unit (f.u.} HDPE (2.2721) 1000 litres of milk
0.00 0.00 0.00 0.00
41.06 27.00 0.00 144
0.00 0.00 0.00
0.12 0.12 0.12
Raw Materials E Transport Production Transport Storage E Transport Use
0.00 | = |0.00 000 | S| 000 000 | 5| o000 0.00 ] 0.12
g 5 5 5
2 E E a
H : H H
A + + 3
Waste Management
Key:
Total carbon footprint: 70.09 kg CO2 eq./f.u. Carbon footprint kg CO2 eq./f.u.
Total water usage: 0.00 m3 water/f.u. Water usage m3 water/f.u.
Total water footprint: 0.00 m3 water eq./f.u. Warning: some water usage data are missing
(stress-weighted)
Study name: Packaging - milk - HDPE
v
< 3]

Figure 55 Carbon footprint of the HDPE milk bottle per 1000 | of milk packaged

61



CCalLC Manual (V3.1)

i) fle CFstudy CFSummary Comparson Sharedata Dataimport CfalCHelp  Help Type 3 question far hel= = & X

Back to top level

Summary of Carbon Footprint

80.00
70.09 70.09

70.00

60.00

50.00
41.08

40.00 1

kg CO2 eq./functional unit

30.00 - 27.00

20.00

10.00 ~

0.00 1.44 0.59 0.00
0.00 = . :

Raw Production Storage Use Transport Total fu.  Co-products Total inc. Co-

materials products

>

Figure 56 Carbon hotspots for the HDPE milk bottle (per 1000 | of milk)
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Study name: Packaging - water -PET

Figure 57 Carbon footprint of PET water bottle (per 1000 | of water)
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Figure 58 Carbon hotspots for the PET water bottle (per 1000 | of water)
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Figure 59 Carbon footprint of the aluminium can (per 1000 | of fizzy drink)
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Figure 60 Carbon hotspots for the aluminium can (per 1000 | of fizzy drink)
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Appendix 1 — Methodology for caculating the carbon footprint of transport

Transport carbon footprint is calculated using the following equations:

NB. This applies to datasets within the CCaLC database and does not apply to
Ecoinvent data for which limited amount of information is available. For
Ecoinvent datasets, the transport density is not variable.

The density of the material transported is used to ascertain whether the transport is
mass or volume limited:

If Ppack < Mmax/Vmax then Volume limited

Else, if Ppack > Mmax/Vmax then Mass limited

For Volume limited cases the total mass transported per load is:
Mans = Ppack * Vimax * f

For Mass limited cases the total mass transported per load is:
Muans = Mimax / Ppack * f

The number of functional units is then calculated per load:

f.U.10a0 = Myans/Mmaterial

The carbon footprint per functional unit is then calculated:
c.f. = ¢.f.i0aa/f . U.i0ad

where:

Ppack IS the packing density as defined by the user

Mnax is the maximum transported mass

Vmax i the maximum transported volume

Mians IS the total mass transported per load

fis the load factor (i.e. % loaded)

f.U.10aq IS the number of functional units per loaded vehicle

Mnaterial IS the mass of material transported per functional unit

c.f.0ag IS the carbon footprint of the vehicle at the current load
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c.f. is the carbon footprint per functional unit

For trucks returning empty, the carbon footprint per functional unit is augmented by the
ratio of the carbon footprint of the vehicle when it is loaded and when it is empty, i.e.:

C.f.totar = C.f. + C.f. * [(C.F. empty/ C.F.10a0) ]
where:
c.f.ora IS the total carbon footprint per functional unit
c.f. is the carbon footprint associated with transporting the material mass

C.f.empty IS the carbon footprint of the vehicle when running unloaded
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Appendix 2 — Data quality criteria

A2.1 General about LCA data quality

According to PAS2050, the following data quality requirements should be considered
when performing an LCA:

time related coverage;

geographical coverage;

technology coverage;

precision and accuracy;

completeness;

consistency;

reproducibility; and

sources of data (primary or secondary).

Thus, data quality assessment is a complex task as multiple aspects need to be
considered, including the context in which the data are used. Enough information on the
data is therefore fundamental to avoid their misinterpretation or misuse.

A2.2 Data quality assessment in the CCaLC tool

The quality of data within the CCaLC tool can be defined by a user as:
- High

- Medium or

- Low.

To help the user determine whether their data are of High, Medium or Low quality, a
methodology specific to the CCaLC tool has been developed using the data quality
criteria mentioned in the previous section. The criteria used in the methodology are
summarised in Table A2.1. Table A2.2 shows how these can be aggregated to arrive at
an overall Data Quality Indicator (DQI) - High, Medium or Low. For these purposes, each
data quality criterion is assigned a weight of importance on a scale of 1-10. For example,
as shown in Table A2.1, “Age of data” has the weight of 2, being twice as important as
the geographical origin of data. Each data quality indicator is assigned (an arbitrary)
maximum score for each criterion: e.g. the High indicator has a score of 3, Medium has 2
and Low has a score of 1 (see Table A2.2). Applying the weights of importance for each
criterion and its maximum score for the respective quality indicators, the maximum score
for each quality indicator is:

- 30 for High;

- 20 for Medium; and

— 10 for Low.

For the purposes of the analysis in the CCaLC tool , the following score ranges have
been adopted for the data quality assessment:

- Low data quality: score in the range of 1-10;

- Medium data quality: score in the range of 11-20; and

- High data quality: score range of 21-30.
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An example shown in Table A2.2 shows an overall score of 19, indicating Medium data
quality (noting that the overall score for Medium quality is between 11-20).

Table A2.1 Matrix of Data Quality Indicators (DQI) for the CCaLC tool

modelled based on
specific data (e.g. the
company data or from
suppliers)

Data quality Data quality indicators
criteria High Medium Low
Age of data < 5years 5-10 years >10
Geographical Specific Partly specific Generic/average
origin of data
Source of data | Measured and/or Modelled using generic Mainly sourced

data from LCA
databases; some data
derived using expert
knowledge

from literature
and/or estimated
and/or derived
using expert
knowledge

Completeness

All inputs and outputs

Majority of relevant

Some relevant

of data considered inputs and outputs inputs and outputs
considered considered or
known
Reproducibility | Completely Partly Not reproducible/
[reliability/ reproducible/reliable/ reproducible/reliable/ not known
consistency of | consistent consistent
data

Table A2.2 Aggregating individual Data Quality Indicators (DQI) to arrive at an
overall DQI (High, Medium or Low)

High quality Medium Low quality
Weighting quality Example data
for each Max. score for Max. score for guality
Data quality criterion on a | each criterion: 3 | Max. score for | each criterion: 1 | assessment
criteria scale 1-10* each criterion: 2
Age 2 3 2 1 1 (Low)
Geographical 1 3 2 1 3 (High)
origin
Source 3 3 2 1 2 (Medium)
Completeness 2 3 2 1 3 (High)
Reproducibility 2 3 2 1 1 (Low)
[reliability/
consistency
Maximum 30 (max score) | 20 (max score) | 10 (max score) 19
score (overall score)
Overall score for | Overall score for | Overall score for | Data quality
High in the Medium in the Low in the indicator:
range: 21-30 range: 11-20 range: 1-10 Medium

*The sum of all weights is 10.
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NB: The overall score of 19 has been calculated in the following way:
Overall score = 2*1+1*3+3*2+2*3+2*1 = 19
Therefore the overall data quality indicator = Medium

It should be noted that the overall data quality will depend on both the quality of the
particular datasets used by the user as well as on the confidence the user places on the
gquantity/amount of materials, energy etc. they are defining for each sub-system.

For example, the quality of the background dataset for UK electricity mix and the related
carbon footprint may be High; however, the user may not be confident in the data related
to the amount of electricity used in a particular sub-system so that the quality of this
datum may be Medium or Low. In this case, since the data quality for the set is already
defined (as high), the user will only need to specify the quality for the quantity/amount
and the tool will calculate the overall data quality for that particular sub-system. The
process is repeated for each sub-system.

The approach used for calculating DQI for a sub-system is shown in Table A2.3. Note
that the quantity/amount is considered more important here than the quality of the
dataset.

Table A2.3 Aggregating the Data Quality Indicators (DQI) to arrive at an overall DQI
for each sub-system

DQI for user-defined DQI for the amount/quantity | Data quality of each sub-

dataset* entered in the CCaLC tool by | system (DQS)
the user

High High High (3)

Medium High High (3)

Low High Medium (2)

High Medium Medium (2)

Medium Medium Medium (2)

Low Medium Medium (2)

High Low Medium (2)

Medium Low Low (1)

Low Low Low (1)

*Note that the datasets already available in the tool have a predefined DQI so that the user only
needs to define the quality of their own datasets.

Once the data quality indicators have been calculated for each sub-system, a weighted
approach is then applied for assessing the overall data quality of the whole system
based on the percentage contribution of each life cycle stage to the total carbon
footprint. The overall data quality for the whole system is therefore calculated as:

N M
DQc =>.1,(3.DQS,,)
n=1 m=1
where:
DQcr - overall data quality of the system

I, — percentage contribution of each life cycle stage to the total carbon footprint (%)
DQS, — data quality (1, 2 or 3) for sub-system m

69



CCalLC Manual (V3.1)

For the purposes of the analysis in the CCaLC tool , the following ranges have been
adopted for the overall data quality of the whole system:

- Low data quality: DQcr = 100 — 166;

- Medium data quality: DQcr = 167 - 233; and

High overall data quality: DQcr = 234 — 300.
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Appendix 3 — Water use and water footprint

A3.1 Water use
The water use represents the sum of all the water consumed in a supply chain,
comprising blue and green water.

Blue water use refers to consumption of freshwater from rivers, lakes and aquifers.
Water consumption indicates the freshwater withdrawals which are evaporated,
discharged into different watersheds or the sea after use and embodied in products and
waste.

Green water is the amount of rainwater (stored in the soil as soil moisture) used by
plants is referred to as green water. Its relevance is significant in the case of agricultural
systems.

A3.2 Water footprint (stress-weighted)

The water footprint (stress weighted) is calculated according to the midpoint impact
assessment method proposed by Pfister et al. (2009)°. This method assesses the
environmental impacts of freshwater consumption by incorporating Water Stress Index
(WSI) as a mid-point characterisation factor. WSI indicates the water consumption
impacts in relation to the water scarcity. This method considers only blue water
consumption. Therefore, the water footprint is calculated as below:

Water footprint (m® eq./fu) = Blue water use (m®/fu) x WSI

The CCalLC tool contains WSI values for all countries at a national level. The WSI
values, which range from 0.01 to 1, are derived using the following equation:

1
WSl = -

—6.4WTA*(—— ]

1+ e 0.01

where WTA* is a modified WTA to account for monthly and annual variability of
precipitation.

® pfister, S., Koehler, A., Hellweg, S., 2009. Assessing the environmental impacts of freshwater
consumption in LCA. Environmental Science & Technology, 43 (11), 4098-4104.
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