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1 System requirements

The PVC Sustainability Tool was designed and built using the English-version of
Microsoft Excel 2003 for Windows XP. It may not run properly on non-English operating
systems or on older versions of Excel or Windows. The tool is designed for use on PCs
and is not suitable for use on Mac computers.

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 seconds as the system is
busy and may take some time to complete the action.

2 Tool development credits

The PVC Sustainability Tool has been developed by a research group at The University
of Manchester led by Professor Adisa Azapagic. The following researchers were
involved in the development of the tool:

¢ Dr Anthony Morgan (software development);
e Dr Heinz Stichnothe (methodology development and case studies); and
e Dr Haruna Gujba (case studies).

For further information, contact: adisa.azapagic@manchester.ac.uk

3 Acknowledgements

This tool has been developed as part of the EPSRC funded project “Improving
Sustainability of PVC through Novel Materials, Processes and Life Cycle Methodologies”
(EP/D505372/2). This funding is gratefully acknowledged.

The support of the project partners is also gratefully acknowledged, in particular:
e Ineos ChlorVinyls: Dr Jason Leadbitter and Roger Mottram;
e Loughborough University: Prof. Bryan Brooks, Prof. Marianne Gilbert and Dr
Noreen Thomas;
e ECOPLAS: Bob Bittlestone and Steve Smith; and
o Polyflor: Mike Minett and John Whitesmith.



4 Introduction

The PVC sustainability tool allows quick and easy assessment of environmental and
economic sustainability of PVC products and processes. It takes a life cycle approach
and it enables estimation of the following environmental impacts:

Global warming potential (a.k.a. carbon footprint)
Acidification potential

Eutrophication potential

Ozone layer depletion potential

Photochemical smog

Human toxicity potential

Economic sustainability assessment is related to the estimation of value added along the
PVC supply chains.

The tool has been developed with the following objectives in mind:

to avoid the need to use complex LCA software to calculate environmental
impacts;

to enable non-expert users to calculate environmental impacts;

to allow the user to estimate quickly and easily environmental impacts for a
number of different PVC related products and processes following the “80/20”
rule (80% of the result with 20% of the effort);

to allow the user to identify environmental hot-spots and identify improvement
opportunities;

to reduce the data collection effort by providing databases on materials, energy,
transport, packaging and waste; and

to present data in a clear and easy to understand way.

5 PVC Sustainability Tool overview

The tool has been developed in Microsoft Excel. It comes with a range of case studies
and databases. The case studies include:

PVC processes:

PVC production;
PVC recycling (white chips, jazz chips, jazz pulver); and
PVC compounding.

PVC products:

Blood bags;

Windows (steel- and glass-fibre reinforced);
Pipes; and

Flooring.

The databases comprise:

Materials;



Energy;

Transport;
Packaging; and
Waste management.

The worksheets in the tool are locked and are not accessible to the user. This keeps the
tool relatively safe as the database and links between cells cannot be modified
accidentally. 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.

When the tool is started, the start-up screen for the PVC tool is shown (Figure 1). The
user is given a number of options related to different case studies. If the user clicks on
one of these options, they will be taken to the life cycle layout of the base case for the
analysis they have selected. Base cases have been constructed for each option from
data supplied by the PVC industry as well as other publicly available sources. The user
can then modify the analysis to their own specifications.

The user may also select the ‘Go to current analysis’ option. This will take the user to the
last analysis that was being examined.

If the user has come back to the start-up screen at some point during the analysis by
accident, then this option will take them back again without changing any information.
The ‘Start new analysis’ button takes the user to a blank analysis so that they can start
from scratch.

B3 Microsoft Excel - PVC_sustainability_taol
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This PVC sustainability tool enables you to carry out LCA and value added analyses of P\VC processes and products.
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Figure 1 - Start-up screen of PVC sustainability tool



Figure 2 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;

e Processing;

e Storage;

e Use;

e Transport; and
e \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. Several menu options specific to the tool have been added:
Comparison, PVC Study and Share data. The function of these is described in sections
8, 6 and 9 respectively. The PVC help menu contains the manual as well as software
development credits.

The carbon footprint for each stage is shown in red and the value added in blue.

E1 Microsoft Excel - P¥C_sustainability_tool.xls
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Figure 2 Life cycle view in the PVC Sustainability Tool




6 Starting and building a new analysis

To start a new analysis, the user can click on Start New Analysis from the start-up
screen (Figure 1) and will be taken to the life-cycle view (Figure 2).

6.1 Define the system details

The system details user form can be activated by clicking on the Enter System Details
button at the top of the screen in the life-cycle view. The user form is shown in Figure 3.

In order to proceed with the analysis the user must define a functional unit. This is the
mass of the product to which the carbon footprint will be attributed, in this case 3 kg. The
name of the product can also be defined (in this case, Windows), as well as information
pertaining to the data, e.g. date collected, estimated quality, source... (although this is

not compulsory).

System Details: El

Marne:

‘ PWiC Flooring ko cover 1m2

Functional unit; 3 ka
Maszs unik: kg -
Energy unit: 13 -

Distance unik: -

Currency unik; Pound (£) =

Exchange rate (per
£

14

Data collected {yr): 2009

Data source: Confidential

Syskem last

07092009
updated {date): o3

Author:

Motes:

Functional unit: PYC Floaring (3 kg of PYC Flooring to cover 1m2
aof floar)

Swstem boundaries: cradle to gate
Assumpkions:

-The tokal energy consumption is equally distributed across
the production stages to preserve confidentiality,

O Cancel

Figure 3 System Details user form



Mass, energy, distance and currency units of operation can also be defined. The default
values for these are tonne, kWh, km 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 to the textbox. This enables the user to switch between currency types
during the analysis.

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

6.2 Defining the processing stage names

It is a good idea to name the process stages before defining the raw materials use.
There are ten processing stages available in the current version of the tool. The
overview of these is shown in Figure 4. This stage can be accessed by clicking on the
Processing box in the life cycle view.

£1 Microsoft Excel - PVC_sustainability_tool. xls
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0.00 0.00 0.00 0.00

Figure 4 Overview of Processing
The carbon footprint for each stage is shown in red and the value added in blue.

The above example contains only one stage, Windows manufacture. The rest contain no
data so are not defined. When the tool is first loaded, all the stage names are called
Stagel, Stage2...etc. They can be modified at any point during the analysis as follows:
Click on the stage to be modified to see its details

2. Click on the Define Stage button at the top of the screen

3. Enter the name of the stage in the relevant text box (e.g. Windows manufacture)

4. Enter any relevant comments in the Comments text box

5. Click Update.

-

Once this is done, the tool will update all instances of the stage name in the analysis.



6.3 Defining the raw materials use

All raw materials usage needs to be defined in the Raw Materials section of the tool.
This can be accessed by clicking on the relevant box in the life cycle view. A view of this
level is shown in Figure 6. It can be seen that there are four tables representing
materials, packaging, energy and waste. The amount of each of these can be modified
by clicking on the appropriate button at the top of the screen. In order to add a raw
material to the analysis, the following procedure is used:

oD~

®~N®

Backto

Click on the Define Materials button
Select the required material from the first drop-down list
Select the required processing stage from the second drop-down list
Add the amount of material required to the textbox
Select the data quality for the amount used (high, medium, low), see appendix 1 for a
description of how the data quality is calculated for the system.

Add the cost of the material in pounds for the purposes of the value added analysis.
Add any comments that are appropriate to this instance of material use.

Click the Update button.

piligig Define waste

View carbon
footprint graph

Stage: Windows manufacture

Total carbon footprint for stage: 9.04 kg CO, eq.fu.
Total value added at stage: 211.05 £ i.u.
3 i Cost [£'kg raw Total mass in (materials +
al/Packa 4ATH 9.
Material/Packaging inputs | Amount (kg) material) Cost {£/fu.) packaging) fka) 03
Listiiis 054 191 0Es Total mass out (materials 9.03
+ waste) (kqg)
Methyl methacrylate (MiA) 0.57 200 1.14 Mass halance (kg) 0.00
Paolyvinylchloride granulate o ——
(Su}épeﬁsmn S—F'%/C) 7.34 0.65 477 Define stage: Windows manufacture g]
Titanium dioxide (TiOZ) 0.30 1.40 0.42
Zinc stearate 098 S0 0ER Detals ‘Matena\ output | Direct GHG emissions } All emissions ]
Total: 9.03 Total: 765 Stage name:
i . “indows manufacture
Energy type Am?llnt C02Z eq. (kg/MJ CO?. eq. Cost [.E-MJ Cost (£/fn) ‘
(MJ/fu.) energy) {kg/f.u.) energyj Comments:
Elsctricity - UK grid 44.55 0.19 8.27 0.14 6.24
Heat from natural gas 10.71 0.06 068 5.00E-03 0.05 Value of windiow frame Is an estimate.
Total: 8.95 Total: 6.30
2 e Amount €02 eq. (kg'ky €02 eq.
‘ Direct emisions kgt GHE) kq/far)
Total: 0.00
. Amount €02 eq. (kg'kg €02 eq. Cost (£'kg 5
‘ Packaging type {kg/fu.) packaging) (kg/fu.) packaging} Cost ()
Total: 0.00 Total: 0.00
Amount €02 eq. (kg'kg €02 eq. Cost (£/kg :
Wadle (kg/fu.) waste) {kg/fu.) waste) Cost (S
Incineration - PYC 0.03 2.96 0.09 0.00 0.00
Total: 0.09% Total: 0.00 Update
Draw v |z | AutoShapes~ . w [ ] () ] _\\bvé’vévfzﬁdja it ‘

Figure 5 Stage details and Define Stage user form



2 View c3 =
Back to top level Define materials Define energy Define packaging Define waste R Dle;i.ne e @
Define materials |Mod|fy Database |
Materials:
Stage: Raw Materials | ‘ J
Total carbon footprint for stage: 2451 kg CO, eqifu.
Select Processing stage for =
Total costs for stage: 2.55 £ ff.u. material use:
/| A T AT
R terial Amount C02 eq. (kg'’kg | CO2 eq. Gost {5k Cost (£/f SRS S LRiEE
awmatetia {kgifu} raw material) {kg/fau} i estieitu) Data quality for
material) amount: ol
Limestone 0.54 0.11 0.08 1.21 0.22
Cost (Efka):
Methyl methacrylate (VMA) 05 5.53 369 2.00 OES) Zeika)
Puolyvinylchloride granulate Comments on amount used:
{Suspensian, S-BYC) 7.34 274 2011 0.Bs 1.59
Titanium dioxide (TiO2) 0.30 3.30E-05 9.90E-08 1.40 0.14
Zinc stearate 0.23 1.65 0.45 2.40 0.22

Details

Total: 2451 Total: 2.55 kg CO2 eq.jka

Amount €02 eq. (kg/MJ| COZ eq. Cost (£/MJ i Year:
‘ Energy type ‘ (MJ/.u) energy) {kg/fu} energy) Cost: i)
Total: 0.00 Total: 0.00 Location:
Packaging for raw Amount C02 eq. (ky/kg | COZ eq. Cost (£'kg Cost (£/f.u) Sonie
materials {kg/f.u.) packaging) {kg/f.u.) packaging) siboes e el ’—_|
Total: 0.00 Total: 0.00 dataset;
Comments:
Amount CO2 eq. (kg'ky | COZ eq. Cost {£/kg s
‘ Waste ‘ {kg/fan) waste} {ka/fu) waste) Cost tefu)
Total: 0.00 Total: 0.00

Figure 6 Raw materials stage with Define raw materials user form

The Raw material table on the screen will automatically show the material name, the
amount used, the carbon footprint associated with it and its destination.

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 4.

The total carbon footprint for the stage can be seen at the top of the screen in red.

The amount of material being used can be updated at any time or can be removed
completely from the analysis by setting its usage to zero.

6.4 Defining transport

Transport links can be defined when there is a material to be transported between
stages. In order to define transport the following procedure should be used:

1. Click on the relevant transport link

2. On the transport stage screen, click the Define Transport button

3. A user form will appear asking the user to select material stream to transport (see
Figure 6)

4. Select the required stream from the list box (e.g. Zinc Stearate -> Windows
manufacture)

5. Click on Define Transport. The Define Transport user form will then be shown (see
figure 8)

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

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

10



8. 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/m3 or less).

9. If a truck has been selected, decide whether you want it to return home empty and if
so, select the check box. Selecting empty return will increase the carbon footprint for
a transport option by about 60%.

10. Define the cost of the trip (£ per functional unit)

11. Select the data quality for the distance you have used (high, medium, low)

12. Click the Update button.

The transport table will then be updated with information pertaining to the journey you
have just described. Information pertaining to Transport type, distance, mass
transported, carbon footprint for journey and total carbon footprint for the stage are all
shown.

Back to top lewel Define transport Transport stage: Raw Materials—->Processing

Total carthon footprint for stage: 0.02 kg CO; eq.fu.
; Empty
Frrri ) = Mass Carbon footprint ;

Material transported Transport Type Distance (km) transported (k) | (kg CO2 eq.if.u) r:.:::‘lpn
Limestane = yindows 22t truck 100.0 018 1.05E-03 FALSE
manufacture
Polyvinylchloride granulate
(Suspension, S-PYC) - 22t truck 100.0 245 0.0 FALSE
=Windows manufacture
Hhecapratiesspiiindons 22t truck 100.0 0.09 E35E04 | FALSE
manufacture
Methylimethacrytate (Mg 22t truck 100 0.1 111603 FALSE
=Windows manufacture
Thaniuee dioxle (02> 22t truck 100 0.10 5E2E04 | FALSE
=Windows rmanufacture

\Total: 0.02
Select material to define transport for: @

Limestone---=Windows manufacture

Methyl methacrylate (MMA)---=Windows manufacture

Palyvinylchloride granulate (Suspension, S-PYC) --- =Windows manufacture
Titanium dioxide {Ti02)--- =wWindows manufacture

Zinc stearate ---=Windows manufackure

Define
i Transpork :

Exit

Figure 7 View of transport stage and user form for selecting transport stream

A journey can be removed at any time by setting the distance travelled to zero.

11



6.5 Defining stage details

The details of the process stages and the storage and use stages can now be defined
by entering each individual process stage in turn (see section 3.2 above for how to
navigate).

6.5.1 Defining material outputs

Material outputs can be defined from any stage apart from the Use stage. It is necessary
to create a material output from a stage for two reasons:

1. Transport can only be defined if there is a material flow between stages
2. Each stage is mass-balanced. Material outputs show up as a mass input at its
destination stage.

Material outputs are named by the user and have a mass associated with them. They
are created as follows:

Click on the Define stage button to show the appropriate user form

Select the Material outputs tab

Type the name of the output flow into the drop down box provided (the material
can be selected later on and its mass changed)

Select the destination stage for the material

Add the mass of the material to the text box

Add the value of the material in pounds

Click the Update button.

wh=

No o ks

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 (processing, storage or use).

12



Transport details ]Modify transport database ]

Transport Type; Distancelkm):

22t truck j | 100
Packing density kajlitre: 1

Ernpky return trip?

-
Data guality For -
amount: | Mediom Update
Zost of
transpork(EJF.u. ) 0.34

Comments on amount used:

Details

kg COZ eq. [kg-km

Location:

Year: |

Source:

Data Quality:

Comments:

Exit

Figure 8 Define Transport user form
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Define stage: Windows manufacture E|

Details  Material output lDirect GHE emissions ] &ll emissions ]

Modify existing oukput stream or create new skream:

=]
| [

Armount kg)f.u.

Destination:

3

Product walue (£/ka)

&, 00E+00

|pdate

Exit

Figure 9 Material output tab on Define stage user form

6.5.2 Defining energy use

Energy use for any stage can be defined by clicking the Define Energy button. The
associated user form is shown in figure 10. The amount of energy is defined as follows:

1.

2.

o0k w

Select the required energy type (e.g. Electricity from UK grid) from the drop-down
menu

Enter the amount used in the text box (NB: make sure the correct units are being
employed — MJ in this case)

Select the data quality of the amount being used (high, medium, low)

Include any relevant comments in the comments box

Include the cost of energy per unit

Click on the Update button.
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Define energy use for Windows manufacture: E

Define energy | Modify Database |

Energy: Arnount (MI0F, 00

Electricity - UK grid j | 14.85

Data quality Far
! amoyunt: Lo hi Update
Cosk (£/M): 6.40E-01

Comments on armount used:

Details

kg COZ eqiM:

Year:

Locatian: |
Source: |

Daka Quality:

Comments on data set:

Exik

Figure 10 Define Energy user form

The energy table on the screen will be updated with the relevant information and the
carbon footprint shown.

6.5.3 Defining packaging use

Packaging use for any stage can be defined by clicking the Define Packaging button.
The associated user form is shown in figure 11 below. The amount of packaging is
defined as follows:

1. Select the required packaging type (e.g. Polyethylene film (PE-LD)) from the
drop-down menu

2. Enter the amount used in the text box

3. Select the data quality of the amount being used (high, medium, low)

15



4. Include any relevant comments in the comments box
5. Include the cost of the packaging per unit mass
6. Click on the Update button.

Define packaging use for Windows manufacture:

Define packaging | Modify Database |

Packaging:

Palyethylene terephthalate Film (PET) j

4 b kagjf.u,
maunik kgff.u ’T Update
Dats quality for -

amounk: Medium i

Cost i£fka) | g ooE+00

Carmments on amount used:

Dietails

kg CO2 eq.fkg

Year:

Locakion:

Source:

Data Quality:

Comments:

Exit

Figure 11 Define Packaging user form

The packaging table for the stage will now be populated. Packaging types can be
removed from the analysis by setting the mass to zero.

6.5.4 Defining waste use

Waste use for any stage can be defined using the same procedure as for materials,
energy or packaging. The user form is similar and is shown in figure 12. The procedure
for waste is as follows:

1. Select the required packaging type (e.g. PVC - Incineration) from the drop-down

menu
2. Enter the amount of waste in the text box (e.g. kg per f.u.)

16



Select the data quality of the amount being used (high, medium, low)
Include any relevant comments in the comments box

Include the cost of waste disposal

Click on the Update button.

ook w

Define waste for Windows manufacture:

Define waste | Link waste ] Modify Database ]

Waste skream: Amounkt kajf.u.

j | 0.o1 |Update
Data quality For
amount: | Low 7
Cost (Eflkgwaste) | ¢

Comments on amount used:

[ncineration - PYC]

Details

kg COZ eq.fkg

Year:

Location:

Source:

Daka Quality:

Comments:

Exit

Figure 12 Define waste user form

6.5.5 Linking the waste use to raw materials

The waste use can be linked to raw materials use. This function allows the user to
automatically update the amount of raw materials used when the amount of waste at a
particular stage is changed. This feature is useful if a large number of raw materials are
being used as it saves having to go back and update them if the waste amount changes.
To use this feature, the user first clicks on the Link waste tab on the waste user form
(see Figure 13).

17



Define waste for Windows manufacture:

X

Define waste  Link waste lMDdiF':.f Database ]

- Incinerakion - PYC

Modify material
links

Flaws currently inked ko selected waste stream:

Exit

Figure 13 Link waste tab

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.

In order to link a material, the user should click on the Modify material links button. This

will bring up a separate user-form that allows the user to create and remove links using
the appropriate buttons (Figure 14).
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Create waste link to materials:

X

Faw materials used at this stage:

Limestane

Metheyl methacrylate (MMA)

Polywinylchloride granulate (Suspension, 3-PYC)
Titanium dioxide (Ti0Z)

Zinc skearate

Create link Remove link.

Existing material links For Incineration - PYC

Exxit

Figure 14 Create/delete links form

The top box shows raw materials used at this stage and the bottom box shows the
existing material links for the waste stream selected.

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
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, 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

19



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

7

Data Display

7.1 Carbon footprint data

Carbon footprint data is displayed plainly throughout the tool and is always shown in red.
The units are always mass per functional unit (f.u.) where mass is the current operating
unit (e.g. kg, tonne, g).

The total carbon footprint for the analysis is shown in the life cycle view at the bottom
of the screen;

In the life cycle view, the carbon footprint for each stage is shown above the relevant
stage box;

In the Processing section, the carbon footprint for each processing stage is shown
above the relevant box and the total carbon footprint for processing is shown at the
top of the screen,;

In each individual stage the total carbon footprint is shown at the top of the screen

In each stage, the components of the carbon footprint are shown in the relevant
tables; and

The carbon footprint associated with a particular material, energy type, packaging
type, waste type, or transport type is displayed in a greyed out text box on the
relevant user form when it is displayed. e.g. in Figure 11 above, the carbon footprint
for Landfill — Municipal Waste is 0.715 kg CO2 equivalent per kg of waste.

A graphical representation of carbon footprint data is available at various points
throughout the tool. Graphs can be viewed by clicking the View graph of carbon footprint
button at the top of the page. Figure 15 below shows the graph of the total carbon
footprint, available in the life cycle view.
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Figure 15 Graphical view of total carbon footprint

Clicking on one of the buttons below each bar on the graph will bring up another graph
with a breakdown of the carbon footprint for that particular stage. For instance, clicking
the button below Processing shows the carbon footprint for each of the processing
stages (Figure 16).
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Figure 16 Carbon footprint for Processing stages



Graphs are also available for each individual stage (apart from transport stages).

Carbon footprint for Windows manufacture:
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Figure 17 Carbon footprint for individual process stage

7.2 Value added data

Value added data is displayed throughout the tool in blue. The units are expressed in
pounds (£) per functional unit.

e The total value added during the analysis is shown in the life cycle view at the
bottom of the screen;

¢ In the life cycle view, the value added for each stage is shown above the relevant
stage box; and

¢ In the Processing section, the value added for each processing stage is shown
above the relevant box and the total carbon footprint for processing is shown at
the top of the screen.

The value added summary is also displayed in a tabular form and can be accessed by
clicking the View value added analysis on the top sheet. Figure 18 shows the value
added data displayed for each stage, as well as the total value added during the whole
analysis.
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@ File Window Comparison  PWCstudy  Sharedata  Help
Warning: some value data are missing or are zero
Back to tap level Yiew graph Yiew missing data
Value of stage Value added at
Stage Costs (£) outputs {E}J stage (£}

Raw materials 297 0.00 -2.97
Mixing 0.27 228 2.0
Calendering 0.27 3.9 364
Erbossing 0.27 462 435
Heating and Cooling 0.27 3.00 873
Staged 0.00 0.00 0.00
Stageb 0.00 0.00 0.00
Stage? 0.00 0.00 0.00
Staged 0.00 0.00 0.00
Staged 0.00 0.00 0.00
Stagel10 0.00 0.00 0.00
Storage 1.40E-03 0.00 -1.40E-03
Transport 0.34 TAA, -0.34

Total costs (£): 4.38

Value of final product (£): 9.00

Total value added (£): 1.62

Figure 18 Value added data display for each stage

The value added data is also displayed in a graph for each stage. Both costs and value
are shown. This can be accessed by clicking on the View graph button. Figure 19 shows
an example of a graph. The View missing data button can be clicked on in order to be
taken to a table of data for which there is currently no value data.

E Microsoft Excel - PVC_sustainability_tool

@_] Ele Window Comparison PWCstudy Share data PWCHeln Help  Adobe PDF
T T
= )

Reply with Changss,

Type a question forhelf» = & X

Backtovalue
added analsis

i

Value added per stage (£)

1400

1200
1000 I

800

600

400 +
200 %’
0

D Costs (£)
W Value (£)

O Value added (£)

-200 igu
-400 -
-600

"8 2 1

EEx - mEBC

- | B Distribution ]

LT

Figure 19 Value added graph

5

23



8 Modifying the database

8.1 Creating a new database record

It is probable that, during the course of an analysis, the user will need to create a new
database record. This can be done for any of the following: materials, energy,
packaging, waste, transport.

New database records can be created by:

o selecting the Modify Database tab on the appropriate user form (see Figure 20
below for materials example) .

¢ clicking the Create new item button

o filling in the appropriate fields in the resulting user form (see Figure 21).

It is not possible to create an item with a name that already exists in the database.

Define raw materials: §|

Define materials  Modify Database ]

Select item ko modify;

PYC Waste Madify details
PYC fines

Delete ikem

Create new item

Figure 20 Modify database tab on Raw Materials user form

Once created, the item will be shown in the list of user-defined items in the listbox and
will be available to select from the drop-down list in the appropriate list box (e.g. raw
materials, energy etc.)
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Details

Marme: | |
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Year:
Location:

Saurce:
Daka Quality: hd

Cammenks:

|Jpdate database

Cancel ‘

Figure 21 Create new database record form

8.2 Modifying an existing database item

Any database records created by the user can be subsequently modified by selecting
the item in the listbox (see Figure 21 above) and clicking on Modify Details. This will
show the existing details of the record (see Figure 22 below).
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Year: W
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Source: fan Uni

Daka Quality: | Low j

Comments:
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|Update database

Zancel ‘

Figure 22 Modify details for an existing database item

Database records that are in current use in the LCA can not have their details modified.
Database records that are not user defined (i.e. that come as standard with the software)
can not have their properties modified.

8.3 Deleting a database item

User defined database records can be deleted by selecting the item in the listbox (see
figure 20) and clicking on Delete item. The user will be asked if they are sure they want
to delete the record in question. Database records that are in current use in the LCA can
not be deleted. Database records that are not user defined (i.e. that come as standard
with the software) cannot be deleted.

9 Loading/Saving data

Analyses can be loaded/saved/deleted using the PVC study menu item at the top of the
screen. Figure 23 below shows the menu options available. This can be done if it is
necessary to save the data in order to start a new analysis, or to load a previous
analysis.
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Delete PYC study

Figure 23 PVC study menu options

9.1 Saving an analysis

In order to save a study, the user selects Save PVC Study from the PVC Study menu
option and is then asked to enter a (unique) name into a drop down box, or select a
previously saved study to over-write it.

Note: Saving a study saves the data to a new worksheet but it does not save the

workbook. To do this, the user must use the Excel File/Save menu. Itis
recommended that the user saves the file on a regular basis.

9.2 Loading an analysis

A previous analysis can be loaded by selecting Load PVC Study from the PVC Study
menu option. A listbox will appear with the names of previously created analyses that the
user can select from (see Figure 24 below).

Note: loading a previous analysis will overwrite any data currently being used.
Users are advised to save their analysis before loading another one.

Select LCA to open: le

Flooring - original study:

Fipe scenatio 2

Pipes - ariginal study

PWiZ granulate - original study

Windows - original study

Recyeling - White chips

Recycling - Jazz chips ﬂ

Ok ‘ Cancel ‘

Figure 24 Load LCA user form
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9.3 Starting new study

The current study can be re-started at any time by selecting the Start new PVC study
menu item from the PVC Study menu. The user will be asked if they are sure they want
to reset and will then be given the option of saving the data first (as in 6.1 above).

9.4 Deleting an analysis

Analyses that have been saved can be deleted at any time by selecting Delete PVC
study from the PVC Study menu.

10 Examining other environmental impacts

As well as examining the carbon footprint for a system, other environmental impacts can
be examined. This information can be seen by clicking on the View other environmental
impacts button at the top of the screen in the life cycle view of the tool. When this is
done, the user is taken to a new sheet, showing graphs for the following five impact
categories:

Acidification potential;

Eutrophication potential;

Ozone depletion potential;

Photochemical ozone creation potential; and
Human toxicity potential.

If the user has created their own data sets at any point, then they will see a message in
red font, stating ‘Warning: Some of the data used in the analysis are incomplete. To
complete, click the ‘Modify user defined data' button’.

In the latter case, it is necessary for the user to supply data for the new data sets they
have created before the results for these extra impact categories can be considered to
be complete. To do this, the user clicks on the Modify user defined data button. This
brings up the form as shown in Figure 25.
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3

Define impacts

To define the environmental impacts, select the ikem of interest
below and click the button 'Define impacts', If no ikems are shown
below, then all the impacts have been defined.

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

Diesel

PYC Waste Modify impacts
Fines from ES5 to landfil

Wirvel chloride (WCM; Chloroethane)

Waske heat (WNE) offset
PiC fines

Exit:

Figure 25 Modify user data for other impact categories form

The top text box shows all of the data sets for which other impact data are missing. The
bottom text box shows all of the user defined data sets for which impact data can be
modified. To specify missing data the user clicks on the Define impact data button to the
right of the top text box after selecting a data set. To modify existing data, the user clicks
on the Define impact data to the right of the bottom text box after selecting a data set.
Both buttons yield the same user form (Figure 26).

This 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, PYC Waste E]
Enter LCA data For the impact categaries listed below;

Acidification potential (kg sulphur
dioxide eq. fka)

Eutrophication pokential (kg
phosphate eq. fka)

Dzone layer depletion pokential
potential (kg R11 eq.fkg)

Photochemical ozone creation
potential (kg ethene eq. fka)

Human toxicity potential (kg
dichlorobenzene eq. fka)

1

Update data

Exik ‘

Figure 26 Define impact data user form

11 Data comparison

Data for up to four analyses can be compared using the data comparison feature. This
can be accessed by clicking on the Comparison menu at the top of the top sheet. The
user can select between comparing the carbon footprint only or all of the environmental
impacts.

11.1 Carbon footprint comparison

Selecting Carbon footprint takes the user to a new sheet (Figure 27). The first table is
always taken up with data for the baseline analysis for the PVC related process in
question.

If the user clicks on the Add current analysis buttons, then the information from the
current analysis will be added to the appropriate (note: if all four tables are populated by
data, the user will be given a choice as to where they would like new comparison
added). The user can then go back to the analysis, change it and then come back to the
data comparison sheet and add the new analysis in order to compare the two. They
could also go back, load a previously created analysis, and then compare this (tables of
data are not cleared on using the Load CF study function). The tables can be cleared
individually by clicking on the Clear comparison data button at the bottom of each table.

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.
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Back to top lewvel

Add current
analysis

View graphs

Baseline Analysis Functional unit 1 Functional unit
Windows 3 kg Windows 3 kg
kg CO2 eq./fu. kg CO2 eq./fu.
Raw Materials 8.17 Raw Materials 8.17
Windows manufacture 3m Windows manufacture 3.12
Stage2 0.00 Stage2 0.00
Staged 0.00 Staged 0.00
Staged 0.00 Staged 0.00
Stages 0.00 Stages 0.00
Stageb 0.00 Stageb 0.00
Stage? 0.00 Stage? 0.00
Staged 0.00 Staged 0.00
Staged 0.00 Staged 0.00
Stage10 0.00 Stage10 0.00
Storage 5.67E-03 Storage 5.57E-03
Use 0.00 Use 0.00
Transport 0.03 Transport 0.03
Total: 11.22 Total: 11.34
Raw Materials §.17 Raw hdaterials §.17
Energy 299 Energy 299
Direct GHG emissions 0.00 Direct GHG emissions 0.00
Packaging 0.00 Packaging 0.11
Transport 0.03 Transport 0.03
\Waste 0.03 Waste 0.03
Total: 11.22 Total: 11.34

Rermove scenario
from analysis

Figure 27 (Partial) View of the carbon footprint data comparison sheet

11.2 Other impact comparison

Selecting All impacts takes the user to a new sheet (Figure 28). Addition and clearing of
data is done in the same way as when comparing the carbon footprints (section 8.1).
When the data are cleared from the tables on this worksheet, the default values are set
back to 0. The data is plotted on a bar graph (fig 29) without causing stability issues. The
graph can be accessed by clicking the View graph button. The axis on the graph is
automatically scaled.
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Add current

‘ Wiew graphs ‘

Back to top level ]
analysis
[ Baseline analysis [ Functional unit | [ Analysis 1 [ Functional unit |
[ Windows | 3 kg | [ |
Environmental impact Value Environmental impact Value
Global warming potential (kg Global warming potential (kg
CO2 eg.Au) x101 1607573025 CO2 eg.Au) x101 !
Acidification potential (kg S02 Acidification potential (kg S02
eq.fu)x 102 5375220515 eq.fu) x 102 !
Eutrophication potential (kg Eutrophication potential (kg
Phosphate eq./fu) x 1043 4431426087 Phosphate eq./fu) x 1043 !
Ozone layer depletion potential Ozone layer depletion potential
(kg R11 eq./fu) x 1047 4983906678 (ky R11 eq.ffu) x 107 !
Photochemical smog (kg Photochemical smog (kg
ethene eq./fu) x 103 4174354297 ethene eq./fu) x 103 !
Human toxicity potential (kg Hurman toxicity potential (kg
DCB eqg./fu) x 10M1 1683747542 DCB eq./fu) x 1041 !

BMove SCenario
from analysis

Figure 28 (Partial) View of the environmental impacts data comparison sheet

@ Baseline PYC production

Environmental Impacts - Comparison = PVC production 1

8 OPYC production 2
7 o3
Globalwarming  Acidification potential Eutrophication Ozone layer Photocherical Hurnan toxicity
potential (ky CO2 (kg SO2 eqJfu)x paotential (ko depletion potertial  stog (kg ethene potential (ky DCB
eo.ru) X103 1000 FPhosphate eq.fugx (kg R11 eqifu)x eqdfu)x10M eqfu)x 101
1o 1M

Impact categories

Figure 29 Graph of all environmental impact data comparison

12 Sharing data between users

Data and carbon footprint analyses can be shared between users via the menu option
Share data. By selecting the Export option from this menu, a form is shown that allows
the user to select an analysis that has already been saved (see section 6.1), and then
export it (Figure 30). This action will create a new excel file entitled Share_data.xIs in the
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users default directory. This file contains all of the analyses exported, along with the
database.

Select Analyses to export: E'

Blood bans - ariginal skudy i a
Flooring - original study

Pipe scenario 2

Pipes - ariginal study

PYiC granulate - original skudy
Windows - original study
Recycling - White chips
Recycling - Jazz chips
Recycling - Jazz pulver

PYC Compounding - white chips

L« |

Export data Exit

Figure 30 Data export form

In order to import a previously created analysis, the user selects the Share data/Import
menu item. This then prompts the user to locate the previously created Share_data.xlIs
file in the desired directory. Once this is done, the user will be offered a choice of saved
analyses to import (multiple analyses can be selected) (Figure 31).

Select data to import: &|

Windows - ariginal study

Import data Exit:

Figure 31 Data import form

Selecting one or more analyses from the list and clicking Import data will import the
selected analyses to the tool and update the database with any missing items. Imported
analyses can then be examined using the Load PVC Study menu item (section 6.2).

Note: In order for the import/export function to work, the PVC sustainability tool

must be the first and only excel workbook open. It must not be renamed from
PVC_sustainability _tool.xls. The Share_data.xIs file must not be renamed.
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13 Data quality assessment

Throughout the tool, users are required to specify the data quality for the information
they are inputting. This takes two forms, firstly the data quality of the data set and
secondly, the data quality for the amount being specified. Data quality within the tool is
always expressed as either high, medium or low quality.

The data quality for the data sets is specified when they are created and is not subject to
alteration during the analysis. Data quality of the data sets supplied within the tool will
invariably be high, as they are from a trusted source. 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 or travel distance 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 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 data quality assessment calculation is made by weighting each data point by its
contribution to the carbon footprint. A full description of the data quality model is given in
appendix A.

Clicking on the View data quality assessment button at the top of the screen in the life
cycle view of the tool brings up the data quality assessment sheet (Figure 32). This
shows the overall data quality for the analysis as well as the data quality for each
individual stage.
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Figure 32 Part of data quality assessment screen
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Appendix A - Data quality criteria

Al.l 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.

A1l.2 Data quality assessment in the PVC sustainability tool

The quality of data within the PVC sustainability 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 PVC sustainability tool has been developed using the data
quality criteria mentioned in the previous section. The criteria used in the methodology
are summarised in Table A1. Table A1.2 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 A1.1, “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 A1.2). 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 PVC sustainability 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 A1.2 shows an overall score of 19, indicating Medium data
quality (noting that the overall score for Medium quality is between 11-20).

Table Al.1 Matrix of Data Quality Indicators (DQI) for the PVC sustainability 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 <5 years 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

data

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

Table A1.2 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 quality
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
quantity/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 A1.3. Note
that the quantity/amount is considered more important here than the quality of the
dataset.

Table A1.3 Aggregating the Data Quality Indicators (DQI) to arrive at an overall DQI
for a each sub-system

DQl for user-defined DQI for the amount/quantity | Data quality of each sub-
dataset* entered in the PVC system (DQS)
sustainability tool by 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
DQe =X 1,(3.DQS,)
n=1 m=1
where:
DQck - 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
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For the purposes of the analysis in the PVC sustainability 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: DQgg = 234 — 300.
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