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Summary 1

Summary

With this study, the Federal Office for the Emnment (FOEN) would like to pr

mote effective environmental management in Swiss conigsiby increasingthe
awareness for the environmental relevancthesupply chainsAt present, most of

the environmental goals of Swiss companies relate to their own production activ
ties. However, effective corporate environmental management and reporting crucia
ly depands on identifying the most important levers in the supply chain. For small,
open economies like Switzerland who are strongly involved in global tradenthe i
portance of the supply chains is particularly high. To enable companies to reduce
their life cyclebased environmental impacts in a targeted manner, identifying the
most relevant valuadded stages and processes with regard to their environmental
impacts is of crucial importance. If these-cled environmental hotspots are
known, companies can focubeir efforts for resourcefficient innovations, their
corporate environmental management and also reporting on these areas.

In order to supporBwiss companies to efficiently and effectively reduce their-env
ronmental footprintsthis study analysethe environmental impacts of selected
Swiss industries including their supply chains and the use phase of their products, if
relevant Theenvironmental hotspots ithe supply chainsare identfied an@ptions

for reducing theenvironmental footprirgt of Swisscompaniesre presented

For calculating the environmental footprints of the Swiss industries, envirorimenta
ly extended inpubutput analysis was applied. Two inpuitputbased approaches
were used, namely an environmentaktended multregional inputoutput
analysis (EEMRIOA) and environmentalkextended inpubutputanalysis of a si-

gle country combined with trade data and LCA-{TRAIL). In the first approach,

the Swiss EHOT 2008 was usetbr the calculation okenvironmental impacts in
Switzerlandand combined withEXIOBASE for the calculation of environmental
impacts in foreign countriesSThe second approach was used to complement the
analysis with results for the environmental footprint according to the ecological
scarcity method that cannot balaulated with the EEMRIO database.

In a first step a screening of all Swiss industries was performed. Eight industries
were then selected for further detailed analysis. These industriemeatproda-

tion, production of chemical products, productiomachinery, real estate services
and construction, health and social work, food trade, trade with clothing, textiles and
footwear and trade with household devices

The six environmental indicatorgreenhouse gas footprint, biodiversity footprint,
eutrophiation footprint, water footprint, air pollution footprint and environmental
footprint were analysedndustryspecifictarget values that can serve the industries
as starting point for theneduction targetsverederived from the planetary bousd
ries given for each environmental indicator and related to the econimdisstries
analysed.

Environmental hots pots in the supply chain of Swiss companies



Summary 2

The analysis of economic impacts demonstrated how supply chains span @&cross i
dustries and countries for all analysed industries. Significant shares of total value
added are induced in foreign countrigsall industriesanalysed most of the env
ronmental impacts do not occur in the industry itself, but in its supply chain.

The food related industries food tradaed meat productionausethe highesenw-
ronmental impactper gross outputvhich shows the high environmental intensity
and relevance of food products. For these industaescplarly relevant are theu-
trophication ad biodiversity loss footprint®\lso relatively high environmentaii-

pacts per gross output exhibits the industry textiles trade, where the water and the
greenhouse gas footprints are especially rele@thier industries clearly have their
hotspots in ggenhouse gas emissions and air pollution, especially real estate se
vices, machinery and household ecugnt trade For thechemicaland the health

and social workndudriesthe greenhouse gas footprint is most important

With regard to the relevance aigply chain stages, the biodiversity, the water and
the eutrophication footprints are dominated by raw material extraction andcprodu
tion, respectively. For the greenhouse gas and the air pollution footprint also other
supply chain stages can be importargyally the intermediate suppliers between
raw material extraction and direct suppliers. The effect of the industryigsalig-

ly small, if not negligible.

Measures to reduce the environmental impact of Swiss industries shetdfbre
imperatively irclude the supply chainés a first step, transparency over the supply
chain should be createx$ far as possihl@his allows the identification of hotspots

in the supply chain and the development of targeted measures adapted to the respe
tive manufacture or raw material produceThere are various optiorf®r imple-
menting environmental improvements in the supply ch&pecific environmental
requirements can be taken into account in purchasing criteria and specifications.
Cooperation with suppliers cdead to knowledge transfer and capacity building
among suppliers worldwidd?roduct design changdg.g. longer lifespans, lower
material consumption or the use of more sustainable product comporantse an
important lever for reducing environmentalpacts in the supply chaifor indis-

tries related with food production or food trade, agriculture is the most important
stage to be addressed. Reducing food waste has major leverage effects.

A crucial area affecting all industries is energy supply. khepoto reduce gree
house gas emissions below the | imits of
to replace fossil fuels with renewable energy sources at all stages of the supply chain
and in the respective industry itself. This should be accomgdny measures tom4

crease the energy efficiency. This applies not only to mtomlu but also to the use

phase

Environmental hotspots in the supply chain of Swiss companies



Background and project goal 3

1 Background and project goal

1.1 Background

The 2030 Agenda for sustainable development, adopted by the member states of the
United Nations in 205, sets the globally applicable framework for national anrd i
ternational efforts to find shared solutions to the world's greatest challenges,
amongst others climate change and environmental degradation. Sustainable deve
opment goal 12 aims at ensuring tairsable consumption angroductionpatterns.

It encourages companies to adopt sustainable practices and to integrate sustainability
information into their reporting cycl@Jnited Nations 2016 The CSRGuidelines

of the European Uniodemand that among other subje@sterprises shouldave

in place a process totegrateenvironmentatoncerns into their business operations
with the aim of identifyingpreventing and mitigating possible adverse impadto

in their supply chainsHuropean Commission 20l Directive 2014/95 of the Ear

pean Union European Commission 20jl4equires large companies to include a
"nonfinancial statement" in their management report, which contains infommatio

on the effects of its activities on environmental isstiée World Business Council

on Sustainable Development (WBCSD) statesfthat of the top five business risks
aresocietalor environmentahnd prompts companies to include environmental, s

cial and governance (ESGglated risks into their enterprise risk management
(ERM; COSO & WBCSD 2018

With this study, he Federal Office for the Environment (FOEN) would likero-
mote environmental managemeimt Swiss companieby identifying key sustasr
bility issues angbossible fields oaction

An enterprise has several basic options to reduce the life epwironmentalm-
pacts caused by its products. It can reduce

1 the direct environmental impacts related to its own production activities,

1 the environmental impacts of the supply chains by changing the design of the
products,

1 the environmental impacts ehterprises in its supply chain through negotiation
or choice of suppliers,

1 the environmental impacts during use of its products (if there are any) and
T the environment al i mpacts of i1ts product

At present, most of the environmental goals of Swismpanies relate to their own
production activitiegDaub et al. 2016 However effective corporate environmental
management and reporting crucially depends on identifying the most impoxtant le
ers in the supply chaifror small, open economs like Switzerlandwho arestrorg-

ly involved in global tradethe importance of the supply chains is particularly high

Environmental hotspots in the supply chain of Swiss companies



Background and project goal 4

Frischknecht et al.20183 show that a significant proportion of the environmental
impacts of Swiss consumption and production oc@am®ad. This means that a
great share of the environmental impacts of products manufadtu@ditzerland

are caused by precursor products manufactured in other countries. To emable co
panies to reduce their life cycle based environmental impacts ngetdd manner,
identifying the most relevant valteelded stages and processes with regard to their
environmental impacts is of crucial importance. If theseaed environmental
hotspots are known, companies can focus their efforts for resefficient innova-
tions their corporate environmental managenaard also reporting on these areas.

This isamongst others algocreasingly acknowledged hige Global Reportingni-
tiative (GRI), whodemands materialy disclosures in sustainability reporteftect
the organizationds significant. economi c,

1.2 Project goal and research questions

The overarching project goal is to contribute to increasing the awareness of Swiss
companies for the environmental relevance of their supginshn addition to their

own direct environmental impacts, to identify environmental hotspots in their supply
chains and to present options for Swiss companies to reduce their environmental
footprint.

To reach this goahe environmental impacts stleced Swissindustriesare ama-
lysed by including their supply chains and the use phase of their productsg-if rel
vant. Environmentallyrelevantindustriesare identifiedon the basis of selected
footprint indicators In doing so, the entire value chain frahe extraction of raw
materials through prproduction and direct suppliers to the environmental impacts
in Swiss companies is examined. For products that are delivered to end customers
and cause relevant environmental impacts during their use, the seeiplaiso e

en into account. The drivers for the environmental impacts oénv@onmentally
relevantindustriesare analysed in detail and carefully checked for plausib@py.
tions for improvement measures are baohntified to support Swiss compéas to
efficiently and effectively reduce tlieenvironmental footprints.

The project provides answers to the following questions:

1 Which industries cause particularly high environmental impactnsidering
their complete supply chaand the use phase tieir end consumer produ@ts

1 Which industriesare particularlyimportantwith regard to their supply chain
based environmental impacts, their economic significance or their environmental
improvement potential?

1 Where in the value chain of seleciadustriesdo the environmental impacts-o
cur?

Environmental hotspots in the supply chain of Swiss companies



Methodology 5

1 How big is the share of domestic environmental img@aetsvhich countries do
the environmental impacts occur caused by impdrtaw materials and pd
ucts?

1 Which raw materials, products and processes are respofaibdesignificant
share in the environmental impacts of seleatedstrie®

1 Do the environmental footprints tiie industriesanalysed in deptBurpass the
planetary boundaries or rfot

1 How do the Sustainable Development Goals (SDGSs) relate to the redewant
ronmental impacts ahdustrie®

1 What measures help efficiently and effectively reduce the environmental i
pacts ottheindustriesanalysed in depth

1 Which indicators are suitable to monitor the success of measures taken by the
industriesanalysed in deptim reducing their environmental impacts by opsmi
ing production processes, supply chains and/or product d@signs

1.3 Structure of this report

The methodology used tlocumented in Chapt@r Chapter3 contains the results of
the process to select the industries for detailed anabstsChapter4 showsde-
tailed resultsfor the selected industrie€hapter5 contains the synthesis did re-
sults shown in the premis chapters, andh@pter6 gives the conclusions and an
outlook

2 Methodology

2.1 Overview

In this project the environmental footprint of an industry is defined as the total env

ronmental impastic aus ed by a ducts frooth sesourceyextractiop to the

factory (exit) gate. In the case of end user prodcatsing relevant environmental

impactsthe use phase is also considérdthe postconsumerdisposal stage is s

regarded due to missing data on the actual dispo$al each i ndubsst r yés p
posal services as intermediate inputs however are included in the supplyTtigain.

scopethus includes the

! In contrast to other studies, the term "footprint" in this study thus does not cover the entire life cycle of a
product (cradle to grave), but only its production (cradle to gate) inelevant- its use.

Environmental hotspots in the supply chain of Swiss companies



Methodology 6

1 direct environmental impacts of the industself,

T environment al i mpacts of nieeal écondmicst r yos
activities from resource extraction to
enterprises and

1 the environmental impagccurring during the entire use phase of the sadu
trydos end user products (i f relevant).

Whereas the calculation of environmental footprints of single enterpsseften
donewith life cycle assessment, calculating the environmental footprints of whole
industries calls for a different approach due to their large heterogeneity with regard
to companiesproductsand supplychains, whichcan involve many different indu

tries and countriefEnvironmentally extended inpwutput analysisllows for ana-

lysing the impact of economiactivitieson environmental impacts at the industry
level andfor tracing supply chainscrossindustries and countriesSTwo input
outputbased approaches can be distinguished, namely

1 environmentallyextended multregional inpwoutputanalysis (EEMRIOA,
used e.g. bylungmichel et al. 20} 7o analyse environmental hotspotstire
supply chains of German industrigsd

1 environmentallyextended inpubutputanalysisof a single countrycombined
with trade data and LCAQ-TRAIL?).

Both approaches are used in this sttmycomplemene a ¢ h  ®ttehgths d@ng
limitations Thetwo methodologiesire described iSubchapteR.2, thar respective
databases iBubchapteR.3.

In this study six environmental indicators are used to characterise the environmental
footprints of the Swiss industries. They are describeSulschapte2.4. The inds-
triesd environment al f oot pr i spedfictargett er t o
values that can serve the industries as starting point forrddhiction targets are

derived fom the planetary boundaries given for each environmental indicator and
related to the economiadustriesanalysed. Subchapt@r5 explains the derivation

of the® reduction targets.

In a first step a screening of all Swiss industries is performed to select eigbt indu

tries for further detailed analysjsf. chapter3 for details and the screening results)

The screening includes an estimation of a
and the collection of other informatiarsed inthe industry selection process (e.g.

industry size and growth, share of small and medamterprises)Eight industries

are then selected based on a set of objective criteria as well as hgoodmix of

different industries in mind.

2 TRAIL: Tradelnformation and LCA

Environmental hotspots in the supply chain of Swiss companies



Methodology 7

In a second step detailed assessment of the eight selected industries is then pe
formed including

{1 adetailed analysis of the environmental footg;int

1 an assessment tieir environmental impaateduction requirementsased on a
comparison to planetary boundarsex

1 theelaborationof options andneasures to redudbke environmental footpriat
of monitoring indicators to evaluate progress ardnstruments and guidelines
that may prove helpful to companies.

The methodological approach chosen for the calculation of industry footprints and
the assessment of reduction requirementsi@seribedn thefollowing subchapters.

22 Cal cul at i on eavironmemtd fostdrimt ise s S

As mentioned above two approachesnwere us
mental footprints. The ERIRIO approach was used as the primary approach since

it allowsto quantifythe contribution of industries and countries to the footprint. The

IO-TRAIL approach was used to complement the analysis with results for the env
ronmental footprint according to the ecological scamigthod thatannotbe cad

culated with the EBEMRIO daibase

2.2.1 Environmentally-extended multi -regional input -output -analysis

The environmental footprints of industries are analysed usmgronmentally
extended multregional inputoutput tables (EBMRIOT). This approach is widely
used in applied economics analyse global value chains and in environmentad ec
nomics, e.g. to assess the consumption footprint of nations.

An EE-MRIOT consists of an economic core (MRIOT) that is extended witl env
ronmental indicators. The MRIOfecords the flow of goods and sees between
countries at the industry level. It consists of three submafict€sgure2.1),

1 a matrix of interindustry flows of goods and servigeslOT? in the figure)

1 a matrix of flows from industries to final demand (consisting of consumption of
private households, ngprofit organisations and government as well as gross
capital formation mrFinalDemand in the figuye

1 a matrix offactor inputs in industries mainly consisting of gross value added
(mrFactorinputs)

% mr: mutki-regional

Environmental hotspots in the supply chain of Swiss companies



Methodology 8

The MRIOT disaggregates the global economy into several cesirand regions
and eaclcountry or regiorninto several industries. Each entry of the interindustry
matrix contains the flow of goods and services from a specific industry in a specific
country to a specific industry in a specific country.

region b

region a
region ¢

region a region b region ¢

. domestic input-output table for 1 region
region a
D bilateral trade tables between 2 regions

D final use of domestic product

m rFi na IDemand D final use of imported product

region b

D factor inputs table for 1 region

. environmental interventions for 1 region
region ¢

. environmental resource use table for 1 region

. material use table for 1 region

mrF:actorIn;:)uts

. emissions from final use categories for 1 region

. material use by final use categories for 1 region

- %

mrFDEmissions

mrEmissions

mrResources

mrMaterials

mrFDMaterials

Figure2.1: Scheme of anenvironmentally extended multiregional inpwdutput table (Source:
http:/www.exiobase.eu)

This economic table is extended with an environmental part, which contains cou
try- andindustryspecific data on direct environmental impacts (emission otipoll
tants anduseof resourcesmatrices mrEmissions, mrFDEmissions, mrResodrces
mrMaterials and mrFDEmissions in the figur&éhe environmental impacts of each
industry (and private heseholds) in each country are recorded and allow ta-calc

4 The term «resources» is used in the Exiobase database for land use, whereas the term «materials» is
used for the usef other resources like raw materials and water

Environmental hotspots in the supply chain of Swiss companies



Methodology 9

late industry specific environmental impact intensities, measured as environmental
impact per unit of industry output.

This MRIOT allows to calculate the environmental footprint of any industry yn an
country, including its complete supply chain until the facterjt gate. The use
phase needs to be calculated separaldig.main calculation steps are the folle

ing:

T The focal i ndustryos ecaleddeontiefingerses | t i p |l i ¢
rived from the interindustry matrix of the MRIOT. This calculation delivers the
out put in each industry in each country
(i . e. the industryodés complete supply <ch
result isadjustedo eliminatedoublecounting of intermediate inputd the focal
industry.

1 The industry output in each country is multiplied with the industry specific env
ronmental impact intensities to yield the total environmental inspacach n-
dustry in each countryThe total of environmental impacts across industries and
countries is equal to the environmental footprint of the focal industry.

In this study we used a variation of this approdocHEXIOBASE, the EEMRIOT
used in this projecthe data for Switzerlandrebased on the official Swiss 10T for
2008. In a recent project a new version of 8vdssIOT 2008 was developed, that
includes substantial diggregation animproved data quality for the environme
tally relevant energy, transport and food sectorda wide range of environmental
data(Nathani et al. 20165rischknecht et al. 20)15We therefore used a twsiep
approach combining the new Swiss EBT for the calculation ofnvironmental
impacts in Switzerland and EXIOBASE for the calculation of environmental i
pacts in foreign countries. In this tvatep approach the calculatioess are as fo
lows:

1 Starting with the total production output of the focal industry, the total output
and gross value added induced in other Swiss industries are calculated with the
Swiss EEIOT. The results are again adjusted to elimirdiiablecountingof in-
termediate inputsf the focal industry

1 The environmental impacts in Swiss industries are then determined by yaultipl
ing the output with industrgpecific environmental impact coefficients a&s r
ported in the Swiss EEOT.

1 Thecalculationalsoyieldsthe imports by product group that are induced in the
supply chain of the focal industryhese importsare then distributed to source
countries. For this a table of prodigtbup specific country shares was deve
oped, distributing imported product groups source countriesThe table was
derived from the Swiss foreign trade statistics §ource countries ojoods),
the Swiss balance of payments and the OB&ZDO Balanced Trade in Services
Statistics (forsource countries afervices).The table distingulses betweemi-
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ported product groups used for intermediate consumption and for final gonsum
tion.

1 The imports by product group and source country are then fe@E¥ItOBASE,
which is used to calculate the total output in all industries in all countnies i
duced by these imports and the total environmental impacts caused by these fo
eign production activitiesThe environmental impacts are quantified using the
selected footprint indicators described in Subchahter

A further adaptation of the approach refers to the inclusion of investment goods into

the supply chain calculations. In inpaitput tables only the use of intermediate i

puts in industries is recordexhdincluded in the calculation of output multipliers

The use of investment goodsindustries is recorded in total as depreciation in the

factor inputs matrix, but not allocated to supplying industries. We therefore roughly
estimaté the use of investmentogds in the industries by distributing each isdu
tryds depreciation to product groups. The
Swiss EEIOT is explained in Nathani et g2018). It includes the estimation of

each i ndustryos Hngpetween buddingsamd othed eq@ipgment) g ui s
and the distribution of depreciation to supplying industries (e.g. constructan, m
chinery, planningwith shares from the final demand matrix aasbuming same

shares for all investing industries, since spedifita are not available. In the iEx
obase MRI OT each i ndustriyidnstdiffeenmiates®@-i at i on
tween buildings and other equipment. We therefore asstimédepreciation of the

real estate services industry can be fully allocabecbnstruction and that depraei

tion of other industries can be allocated to supplying induséesrding to the

shares from the final demand matrix (after deductiothefabovementioned co-
structionvalues.

The investment matriwasthenincluded inthe calculation of multipliers that are
used to determine total output effects.

The followingTable2.1 displays the elements of this approach.

Environmental hotspots in the supply chain of Swiss companies



Methodology 11

Table2.1: Elements of the adapted BERIOT approachSource: own depictign
Results
Output and value Imports into Environmental
added Switzerland impacts
Focal industry Swiss EEIOT Swiss EEIOT
Domestic suppliers SwissEE-IOT Swiss EEIOT
Imports into Switzer- Swiss EEIOT, Swiss -
land (by country of and OECDtrade sa-
origin) tistics
Suppliers in foreign EE-MRIOT EE-MRIOT
countries

The results of these calculations are

i total economicoutput and gross value added in all industries and all countries
caused by the foc&8wissi ndustryds pr,oduction activit

i total environmental impacts in all industries and all countries caused by the focal
Swissi ndustryoés pr.oduction activities

The ecomomic and enviromertal impacts are structured by supply chain stagss, di
tinguishing between the focal industry itself, direct suppliers to the focal industry,
resource extraction industries and other industries of the supply Eesaurce e
traction irdustries are defined as agriculture (NOGA 2002: 01), forestry (NOGA
2002: 02), fishery (NOGA 2002: 0Bndmining and quarrying (NOGA 2002: 10

14). When direct suppliers belong to the resource extraction industries, theg-are re
orded in the latter groupot as direct suppliers.

In a different perspective the environmental impacts are allocated to the dpect su
pliers. Thus each direct supplier is presented with its total (cradle to exit gate) env
ronmental footprint. In this perspective the total enwinental footprint of the focal
industry comprises its direct environmental impacts and the environmental foo
prints of its direct suppliers. This perspective alldlaes companies from an industry

to prioritisethe suppliers that they should address fomoigtaition measures.

2.2.2 Environmentally-extended input -output -analysis combined with trade
data and LCA (I0-TRAIL)

The second approach was originally developed to estimate the environmetital foo
print of Swiss consumption (Jungbluth et al. 2011). It relies ene@ments,

1 the above mentioned Swiss #BT, but with a different representation oh-
ports,

Environmental hotspots in the supply chain of Swiss companies



Methodology 12

1 LCA data to calculate the environmental impacts of imported products.

In this version of the Swiss EIDT the representation of imports distinguishes b
tweengoods and services. The use of impedt goodsby industries and final ed

mand is recorded in physical units and follows the SITC classification used in trade
statistics.This allows to link the importedoodsto LCA datathat areused to calg-

late the environmetal impactsand are available in physical unitShe import of
services is recorded in monetary units.

The Swiss EHOT wasused as described above to calculate domestic production,
value added and environmental impacts induced by the focal induslkry doms-
tic industrieslt wasalso used to determine the induced imports by product group.

The environmental impacts of imported produgtsecalculated with LCAdata In

a first step, a representative produntx from the LCA databaseas chosen for

each imported product group and linked to the import volume. Approximately 400
product groups are distinguished. The environmental impacts of imported services
weredetermined with data used in Jungbluth et al. (2011).

With regard to the investemt effect, investment goodgereincluded in the calcat

tion of supply chain effects with the Swiss KRBT in the same way as mentioned
above and also in the LCA data used to determine the environmental impawats of i
ported products.

The followingTable2.2 displays the elements of this approach.

Table2.2: Elements of the IGTRAIL approach(Source: own depictign
Results

Production and value added Environmental impacts

Focal industry Swiss EEIOT Swiss EEIOT

Domestic suppliers Swiss EEIOT Swiss EEIOT

Suppliers in foreign countries - Products: LCA software
Services: Data from Jungbluth ¢
al. (2011)

The results of these calculations are total environmental impacts caused by the focal

i ndustryods production activities, di sti ng
Swiss industries from the supply chain and foreign industries from the supply chain.

A further differentiation by supply chain stage (resource extraction industries and

other industries, respectivelsihd source countrg not possible.
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2.2.3 Environmental impacts during the use -phase

Due to the importance of energy and water consumption angsiems during the
usephase, the production perspective for selected products that are in demand by
end customers and for which teevironmental impacts of these phasareconsd-

ered relevant has been extended to include the use phase.

The use phase giroducts used by other industries (and not by private or public
householdsyvasn ot al |l ocated to the manufacturerod
chain of the (industry) users of these products. dperating energy and emissions

from the use of machise for examplewereincluded in theenergy and mass flow

of the industriesusing these machineElectricity use during use phase wasdno

elled with the Swiss electricity mix 2@1(fiVersorgungsmig, including electricity

production in Switzerland and imgsrseeMessmer & Frischknecht 2016b

Energy and water consumption, emissions to air, water and soil and land use were
taken into account over the entire service life of products. While thed u seh-r i e s 0
vironmental footprints, based on the Environmental IOT and Exiobase, depict the
supply chans in 2007/2008, today's products were considered for calculating the
environmental impastof the use phase, taking into account data availability. In this

way, theimprovements in energgfficiency achievedn the last about 10 years are

taken into accont

The industries for which the use phase has been taken into account are [lised in
ble 2.3.

Table2.3: List of industrieswhere the use phase of the products has been taken into account
Number Industry name
23 Manufacture of coke, refined petroleum products

24w/o 24.4  Chemicals and chemical products

30,31 Manufacture of office machinery and computerglanufacture of electrical machinery!
and apparatus n.e.c.

32 Manufacture of radio, television and communication equipment and apparatus

409 Gas supply

45/ 70, 97 Construction real estate services

50 Sale, maintenance and repair of motor vehiclesnaaircycles; retail sale of aut@m
tive fuel

* industries analysed in depth

The environmental impacts during the use phase of the products were calcsiated u
ing life cycle assessment dafichey were related to ongearin order tobe able to
compareghemwith the environmental impacts tife annuaproductionof the indis-

try in question
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2.3 Data basis

2.3.1 Overview

To calculate environmental footprints with the approadestribed abovee usel
three databases

1 the environmentally extended IOT for Switzerladdyeloped in the framework
of the NRP 69 pr ofjeeccd shySathestinasian 2006l e agr i
Frischknecht et al. 20)5

1 theEE-MRIOT ExiobasgStadler et al2018) and
1 the KBOB life cycle inventory data DQRv2:2016, based on ecoinvent data v2.2.
These databases are described in the following sections.

2.3.2 Environmentally extended IOT Switzerland 2008

To calculate environmental impacts within Switzerland, a Swiss(HEwas used
that was recently developed in the frameyv
agrif ood systemso (Rdshkieehhet al. 2d)5Campared 2oQhk 6
official Swiss IOT, it is characterised by a largeimber of industries (roughly 100

vs. 50), especiallgetailedwith regard to the energy, transport, agriculture and food
industries that are particularly relevant from an environmental perspective.riurthe
more the quality of the data representing thesstries was improved. Theaec

nomic part of the IOT igomplementedvith roughly 100 environmental indicators
(emissions of pollutants and resource uses) of industries and private households that
can be aggregated to various midpoint and endpoint imdgcéihcludingthe Swiss
ecopointsaccording to the ecological scarcity metl#iil3. The reference year of

the Swiss EHOT is 2008.The industry classification follows NOGA 2002.

The Swiss EHOT distinguishes between the use of domestic and imppreetlicts

in industries and final demand. Imported products are recorded both in monetary
and physical units. This allows linking the Swiss-EH both to Exiobase (men

tary units) and to LCI data (physical units).

2.3.3 Environmentally extended multiregional Input-Output -Table Exiobase

Exiobase is a multiregional IOT that has been developed by European res@arch co
sortiuns in various projects. Compared to other MRIO{Esg. GTAP, WIOD,
OECD) it is characterised by high sectoral detail and a large set of enwartaim
indicators.

Exiobase contains datavering44 countries, including the EU 27 countries, other
OECD countries and large emerging countries and five aggregated world regions.
200branches and product groug® distinguished, which is substantiallpma than
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other MRIOT databases offer. In total, Exiobase contains data on 417 environmental
indicators that represent emissions and resource use by industries and privexte hous
holds. It covers the years 1995 to 20Tke previous version Exiobase 2 refey

the year 2007. Whereas Exiobase 3 has advantages with regard to time series and
the quality of the environmental datae found thaits economic datée.g. sectoral

output) partly showsignificantdeviationsfrom official national accounting data and
inputoutput tablesOn the other hand the economic dat&xiobase Zhow smdt

er deviations from official data on averagspecially with regardt8 wi t zer | andé s
main trading partnersSince our aim was to link Exiobase with the SwissIGE,

we used Ewbase 2 for the economic data. Due tortiere advanced representation

of the environmental indicators, we used the environmental data from Exiobase 3.4.
Both Exiobase versions show the same number of industries and productajrdups

a similar number otountries. Therefore it was possible to combine the two data
sets.

In this projectdata for the reference year 200@re used to ensure compatibiliig-
tween economic and environmental datel proximity to the reference yeartbe
Swiss EEIOT (2008) The industry classification of Exiobase follows NACE rev.
1.1, which is similar to the Swiss classification NOGA 2002.

2.3.4 KBOBJIife cycle inventory data DQRv2:2016

The data basiased to model the imports in th®-TRAIL approachis the KBOB

LCI dataDQRv2:2016 KBOB et al. 201%. Thesedataarebased on ecoinvent data
version 2.2 écoinvent Centre 20)0 Updated data on transport services
(Frischknecht et al. 20)6and on the Swiss electricity mixes 20IMeSsmer &
Frischknecht 2016khave been added to the KBQBI data DQRv2:2016. In add
tion, data from the World Food Life Cycle Inventory Databasdenfecek et al.
2015 representing manof the imported food products were embedded in the
KBOB Life Cycle Inventory data DQRvV2. These data have been regionalised in
project on the environmental footprint of the consumption of Switzerland from 1996
to 2015 Frischknecht et al. 2018dn addition, a numlyeof LCI datg in particular
datasets representing power production and mining of minerals and imatals
been adapted by including courspecific land and water flowseeFrischknecht

et al. 2018h Remaining gaps in the KBOB LCI data were filled with life cyale i
ventory data from theompany's owh.CA databasétreeze Ltd. 201)/

2.3.5 Methodological assumptions and limitations

Estimating the environmental footprint of industries is a highly complex issue that
requires large amounts of data. The main reasons i®iewel of complexity n-

® Exiobase 2 excludes Croatia.
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clude the heterogeneity of industries comprising many different companieswith i
dividual supply chains, the complexity of supply chains in a global economy spa
ning across many industries and countries and the variety and indusirgountry
specificity of emissions and resource uses induced by produimitiesand their
environmental impacts.

The tools used in this project to trace these highly complex supply chains aie sophi
ticated, but still come with certain methodalay assumptions and limitations that
are briefly summarised in the following.

With regard to the ElMRIOT, the main assumption used in 10 modelling is that
the industries and product groups are assumed to be homogeneous. This means that
each industry pragces a homogeneous product mix that is delivered to all industries
and final demand categorieResourceand emission intensities of industries are
constant for all destinations of industry products. Since industries are the lowest le
el of aggregation ithe 10T it is not possible to represent heterogeneity with regard
to input and output structures or resource and emission intensities below the indu
try level (e.g. emission intensities of exportented companies vs. companies or
ented towards the domasmmarket). Due to this homogeneity assumptioode:

ling with Exiobase generally assumes that the environmtagdrint of the exports

of a specific industry in a specific counteguals the average environmerftadt-

print of the exporting industry

The use of an EMRIOT entails the monetary allocation principle as opposed to
the physical allocation principle mostly used in LCA. This means that the enaviro
ment al footprint of an industry is a supf
tomer sinhgadwmwortchieir monetary share in the |

Theseassumptionglso apply analogously to the 10 part of teTRAIL approach
(Swiss EEIOT).

The imports modelled with LCA data in the -ITORAIL approach refer taypical
products of the correspondrSITC categoryThesecategories are the lowest level
of aggregation. This means thhe imports do not necessarily reflect the products
actually imported by aarticularindustry, but the production mix in the corresgon
ing SITC category to which the ported products ahatindustry belong.

2.3.6 Data quality and uncertainties

In recent years significant resources have been invested to impreVd&REET and

LCA databases that are able to cover the global supply chains, but the data are still
prone to uncertainties. With regard to the Swissl@FE the following uncertainties

are elevant for the study at hand

The Swiss IOT represents an estimation of the flows of goods and serviceg-in Swi
zerland. It is classified by the Swiss OFS as an experimental staggtios certain
basic statistics used in other European countries id Qi tables are missing in
Switzerland. This especially holds for commodity statistics and for statistics on the
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intermediate inputs of companié&hile the sum of intermediate inputsbased on

the official production accounthe intermediate inputs ahdustries in the Swiss

IOT are estimates based on input structures of similar industries in other European
countries. In the construction process of the Swiss 10T the input structurég can
subject toadjustments ihecessaryo balance disequilibriumisetween product gu

ply and demads. In the Swiss EHOT 2008 the data quality of food, energy and
transport data have been improved and based on Swiss stétistiathani et al.

2013, Nathani et al. 2016Yet, it is still importat in the context ofHis project to

check the plausibility of the industry inputs before using them in the calculations,
e.g. by comparing them to input structures in other countries

With regard to imported goods, the total imports are-feelhded on trade statistics
(with larger uncertainties for services than for goods), but the alloaatiomported
productsto usingindustries and final demand categoriesingertain In the deve
opment of the Swiss EEDT 2008 (Nathani et al. 2016)eahave used detailed data
from the Swiss foreign trade statistics and correspondence tables between detailed
import commodity codes and use categories from the OECD to distinguish between
intermediate and final use$ imported goodsWe have themppliedthe commonly

used proportionality assnption to further distribute goods for intermediate use to
using industries. Thus the use of imported goods by industries is an estimate with
uncertainties.

The allocation of emissions and resource uses to industii@sadarger partvell-
based on enronmental statistics, but partly based on auxiliary indicators such as
monetaryor physicaloutput or employment

The imports in the ISTRAIL approach have been modelled with LCA data. The
latest available, regionalisedata from the KBOB LCI datdase DQRv2:2016
(KBOB et al. 201% and theWorld Food Life Cycle Inventgr Database (Nemecek
et al. 2015have beerused forthis purposeHowever, regionalised data sets could
only be used for the most important products in terms of volume from the mmain i
port countriesThe remaining products and countries of origin waaeelledusing
nonregionalized data setSince regionalisation mainly affects biodiversity loss and
water consumption and these two indicators were calculated trerigE-MRIO
approachthis has no major impact on the uncertainty of the results.

The composition of the aggregated import grougorating tothe SITC categories
could have dargerimpact. If the composition of the imported products of a specific
industry deviates greatly from the composition of the respective SITC group, this
can lead to distortions in the environmental intensitythef respective imported
products.This uncertainty was minimized by comparing the results according to the
IO-TRAIL method with the results according to the-EIRIO approach and vepf

ing the contributing direct suppliers and imports.

With regard tothe EE-MRIOT Exiobase to our knowledgethe available info
mation on global production activities and their environmental impacts has largely
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been usedh several largescale projectso construct thelatabaseYet the following
data uncertainties remain ane aelevant for this study:

The quality of data on economic output and gross value added differs betwaen cou
tries. While the data quality of values is rather high at the aggregate sectoral level,
data uncertaintiesan be largefor sectorallydisaggregated datdhis is especially

true foremerging and developing countries

The uncertainties increase with regard to the quality of toptgut tables thated

pict the flows of goods and services within countries. Even though data quality has
increased over the past years there still exist large differences between coantries r
garding the timeliness, disaggregation level, quality and international comparability
of inputoutput tablesExiobase uses elaborate algorithms to integrate the existing

dat into a coherent framework while minimising information loss.

Regarding import and export data past analysis has shown that significant diffe
ences can exist betweeéilateraltrade data that trade partners report. Empirieal
searchprojects have aimed aeconciling trade data and these reconciled data have
been included in Exiobase but uncertainties still remain.

Regarding environmental data, the available international statistics on resource use
and emissions have extensively been exploited in thercotien of ExiobaseYet
uncertaintiesexist in the allocation of emissions and resource use to singles4indu
tries, especially with regard to emerging and developing countries and the five rest
of-theworld regions in Exiobase, where emission intensitiagehpartly been
roughly estimated by using auxiliary indicators such as value added

We have dealt with these uncertainties by

1 checking the plausibility of the input structures of the e@jnissindustres ara-
lysed in detail and adjusting the input stiues in two casesighemical inds-
tyband o6éhealth ,and social wor ko)

1 capping the environmental intensities of industries in the aggregated werld r
gions to the maximum of countries included in the database. Our first results
have shown that the aggregateorld regions have a strong influence on results.
Since the data uncertaintis environmental intensitiesre especially large for
these regionswe have introduced the caps. Therefiie results mayartly be
underestimated.

Even though the datssed in this study are probably the best available to analyse the
environmental impacts of supply chains at the industry lews,td the high am-
plexity of global supply chains and environmental impacts and the mentioned data
uncertainties, the resultd the calculations should be regarded as estimates for
Swiss industries that help identify the possible hot spots in their supply c¥ains.

at thecompany level, the supply chains and their environmental impacts can differ
strongly from the industry avages presented in this study. Therefore companies
can use the results as hints fdentifying environmental hot spotbut they still
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need to analyse their own supply chains in détabbe able to improve their eirv
ronmental performance

This project uss data for the reference year 2008, since this is the reference year for
the most recent Swiss HPT. Exiobase data with the reference year 2007 are used
to match the Swiss data. The most recent reference year, for which Exiobase data
are publicly availble, is 2011. Such a time lag is not unusual forl@Es due to

the fact that large amounts of data need to be collected and processed im0 a co
mon framework. The use of this reference year could have the following impact on
the results:

1 At the time of copletion of this report the share of emerging countries (esp.
China) in the Swiss industriesd supply
Thus our results may underestimate the environmental footprints of Swiss indu
tries if we assume that emerging cties have larger environmental footprints
than developed countries.

1 On the other hand technical progress may have reduced the environmental inte
sities of industries since 2008, thus leading to an overestimation of results and
reducing the former effect.

The imports modelled with LCA data in the-TORAIL approach refer to the latest
availabledataand generally reflect current practicelawever, in the event of major
changes in practice or decisive technical progress in recent years, the environmental
impact could be underor overestimated. This uncertainty liegthin the general
uncertainty range of the LCA data.

2.3.7 Data provision

The entiredatabase@lescribed abovis published on the treeze website and islavai
able for futher assessments at

: The lifecycle inventories are offered in the ecospold v1 (xml) format and
the impact assessment methods are provided in the SimaPro csv format. They are |
censed under @reative Commons Aibution-ShareAlike 4.0 International License
In order to download the datatérested people are required to register and .légin
detailed readne with information on how to implement and use the data is available
as well.

2.4 Environmental indicators

2.4.1 Greenhouse gas footprint

The climate change effect of greenhouse gases is expressed by the Global Warming
Potential (GWP) according to th&' Assessment Report of the Intergovernmental
Panel on Climate Change (expressed inCKy-equivalents according ttPCC
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2007. The indicator coversthesona | | e d-Sé& Ky b & 0,cCés NpO, ERT,

HFC, Sk and NF. The climateimpacting ozonalepleting substances regulated by
the Montreal Protocol are not included. The additional warming effects of the strat
spheric emissions from aircrafts are taken into account according to Fuglestvedt et
al. 2010 and Lee et al.2010. Allocated to the emission of one kilogram of £O
emitted by an aircraft, the global warming potential of the vapour trails generated by
aircraft, the induced clouds and the water vapourtedits 0.95%g CO,-eq. The
global warming potential of CQemissions from burning kerosene by aircrafts is
thus 1.9%g CO,-eq/kg. The software used for calculating the environmental-foo
prints distinguishesCO, emissions according to where they are emiftgpper trg-
osphere and stratosphere vs. on ground and lower troposphece)ding to the
updated Life Cycle Inventories of Messmer and Frischkn&2®itfg, CO, emis-

sions at cruising altitude account for Z0of total emissions for an average flight.
For this reason, a global warming potential of X§%0O,-eq/kg is used for the GO
emittedby aircraft in the upper troposphere and lower stratosphere, while the global
warming potential of the C£Qon the ground and in the troposphere iskgCO,-

eg/kg. Related to a flight with 7@6 of the emissions atruising altitude, the rest

near theground,this again results in the 1.8§5 CO»-eq./kg, whichapply toaircraft
emissionsn general

2.4.2 Biodiversity footprint

Land uses one of thanajor causes obiodiversity and species loss. The indicator
Apotenti al s peci@audiary etal 20)6@mifies thenddmages e 0 (
potential of land usen biodiversity. The indicator quantifies the loss of species in
amphibians, reptiles, birds, mammals and plants by the use of arable land; perm

nent crops, paste, intensively used forest, extensively used forest and urban areas.

The indicator weights endemic species higher than species that are common. Species

loss is determined in relation to the biodiversity of the natural state of the area in the

region conerned.The indicator aggregates the regional loss of commaedyrring

species and the gl obal |l oss of endemic sp
the indicator aggregates differing impact intensities into a common unit, similar to

t he unCOteqfuk y al entso used to aggf(ssegate gr
above) The biodiversity footprint is expressed in equivalents of potentially globally

| ost species per million species (micro |
share of all endangate s peci es | i st Ewdindcatorvdseecofir ed | i
mended by the UNEP SETAC Life Cycle Initiative as best available indicator for

the time beind"interim recommendation'Chaudharyet al. 2015 Chaudhary et al.

2018 Frischknecht & Jolliet 2016

2.4.3 Eutrophication footprint

Thereleaseof nitrogen into the environment causes a wide range of problems. The
most obvious othese is marine eutrophication ("overtilization" of the Oceans
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The indicator used in this studguantifies the amount of nitrogen that potentially
enters the oceans through the emission of nitrogen compounds in water, air and soil
andthus maycontribute to oveifertilization (Goedkoop et aR009. Nitrogen qua-

tities are taken into account according to their marine eutrophication potential (kg
N-equivalents).

2.4.4 Water footprint

The water footprint describes the extent to which a Swiggstry uses the global
freshwater resources, takingordccount the prevailing water scarcity in the pmdu
tion regions.The water footprint is quantified usinfe water scarcity indicator
AWARE, recommended by the UNEP SETAC Life Cycle InitiatiB®lay et al.
2017. The AWARE indicator is based on the assumption that decreasing water
availability in a region increases the likelihood that other users witlepeived in

their access to water. The indicator quantifies the available water quantity per
catchmentarea by subtracting the water requirementfhiahansand ecosystems
from theamount ofhaturally available water.

2.4.5 Air pollution footprint

Air pollution and in particular fine particles hagemajor impact othumanhealth

and weltbeing. Thus the aipollution footprint is characterisedvith primary and
secondary particles and the associated effects on human health, such as respiratory
diseasesGoedkoop et al. 2009The emissions of the particulate matter precursors
NOx, SG and NH; areconverted tdkg PMig-equivalents according to their pote

tial to form particulate matter.

2.4.6 Environmental footprint (UBP -method 2013)

The method is based on Switzerland's legally or politically defined environmental
goals (distance to target) and evaluates resource extraction (energy, pemary r
sources, watedand), pollutant inputs into the air, water and soil, waste and noise
(Frischknecht & Busser Knopfel 201L3The indirectadditional climate changef-

fects of stratepheric emissions from aircrafare taken into accourfsee Section
2.4.1). The method is also called the Ecological Scarcity Method (UBP) and is used
by numerous Swiss companies.

2.4.7 Normalisation

In order toillustratethe relevance of thenvironmental footprirgtof the selectedn-
dustries the share of theienvironmentalfootprints in the respective globahu-
ronmentafootprint was determined for eagtdustry and expressed in parts pekmi

lion (ppm). Additionally, the share of the gross production value of giecsed m-
dustriesin global gross production value was calculated. A comparison of the share
in environmental footprints with the share in gross production value indicates
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whet her the industryds environment-al foot
age.

2.5 Target values for industries based on planetary boundaries

2.5.1 Global limit values

Based on the planetary boundari&@effen et al. 2015)global limit values (or
Abudgetso) for footprints are dedlrced. Fo
odologicd approach from Dao et al2Q195 was adopted and applied to the ienv

ronmental indicators analysed in this study. In addition, new and further findings

from Steffen et al(2015 were taken into account.

Limit values based oplanetary boundaries are defined for the greenhouse gas, bi
diversity, eutrophication and air pollution foatgs. Planetary boundaries are Usua

ly defined on a global lev&lWater availability and scarcity depends very much on
the geographic location. Water shortage in one region cannot be compensated by
excess water in another region. Thus we refrained frefimidg a planetary boursd

ry for the water footprint.

According to the calculations of Dao et @015, the global yearly limit for gree
house gas emissions 12.3Gt CO,-eq per year. For agricultural nitrogen losses,
the globalyearlylimit equals to 47.8t (Dao et al. 2016 For the biodiversity and

the air pollution footprints, the global limits were set according to Frischknecht et al.
(20183:

For biodiversity, Steffen et al2Q015 propose to define the naturally ocgng loss

of species as an estimate and quantify the globally tolerable loss of species per year
with less than 10 species per million species (with an uncertainty range of 10 to 100
species per million species). With a starting point in the year 500edsrance state

of unaffected natufe by 2008 some 15,000 species would have been lost naturally.
This value was therefore usedliasit value for comparison with long term potential
global species loss dueltnd use

For the air pollution footprintletermining dimit value basegblanetary boundary is

also difficult, as the extent of the overall impact on human health depends heavily
on where the particles or their precursors are emitted. The comparison of the current
annual emissions of PM10 and tharticulate matter precursors NOX, pléhd SQ

in Switzerland with the amounts in compliance with Switzerla@ddnance orAir

®  For more information about the concept of planetary boundaries, see

https://www.stockholmresilience.org/research/planebaryndaries/

" Beginning of largescale deforestation and thus the rmaade loss of biodiversity in Central Europe.
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Pollution Control QAPC; LRV 2009 (both converted into particulate matter egui
alents) results in a reduction requirement of around 39%.cassevative assunp-

tion, we can also apply this reduction requirement to foreign emissions and set the
necessary global reduction at &9

Table2.4 shows an overview of éhyearly emission budgets available for eaclrind
cator, the worldwide emissions during the year 2008 and the necessary reduction.
The reference year 2008 was used to ensure compatibility with the SWISSTEE
(see Chapte2.3.3.

Table2.4: Yearly emission budgets, global emissions in the year 2008 and the necessary reduction
at global level for each environmental inglior analysed

Environmental  Unit Limit Current Necessary Source
indicator value for global enwvi- reduction
global ronmental  (global level)
footprint footprint
[reference (2008
year]
Greenhouse Mt CO,- 126¢ 506¢€ 76% Dao et al. 2015
gas footprint eg./a
Biodiversity 10° 156¢C 88'901 83% Steffen et al. 2015;
footprint PDF*a/a Frischknecht et ak018a
Eutrophication Mt N/a 47.6 55.6 14% Dao et al. 2015
footprint
Air pollution Mt PM, o 65.3 106.3 39% Frischknecht & Blisser
footprint eg/a Knopfel 2013

2.5.2 Concepts deriving 1 On e P ltaset ealuBs for industries

In order to be able to make a statement on the compatibility of the environmental
footprint of a particulaindustrywith the limits of theeat hés carrying cap
budgets available have to be divided between the different industries and countries.
Several different approaches are conceivable to do this. Sabag Mufioz and Gladek
(2017 categorize the existing approaches into

1. Egalitarian approaches (equal share)

2. Approaches based on economic throughput

3. Approachedased on economic capacity and efficiency
4

Historical approaches (taking into account responsibility for previous impacts or
the need for a continuous access for resources).
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Similarly, H6hne et al.Z014) propose the categories of @guality (2) Cost effe-

tiveness (3) Capability and (4) Responsibility. Criteria like equality and resplensibi
Ity suggest that there is no single and
Mufioz and GladeR017). Whatever allocation principle is chosen, the results on the
need for reduction must be seen as a startiiigt for discussion, not as autharit

tive target values.

When choosing the allocation approach, it is important to take into accountrthe pe
spective adopted. For example, the socially ideal principle of egalitarianism is cu
rently impossible to implemennia company contextS@bag Mufioz &Gladek
2017.

In this project we focus oimdustriesand aim aproviding a science base to suppor
companiesn their process of setting environmental targétsnsidering all feasible
alternatives, the best way forward for companies would be tolisktaipact cdt

ings based on demand trends, sectoral performance and best practices, and costs of
impact abatement. These impact ceilings and target settings should ideally lbe deve
oped and determined under the stewardship of civil society organisalahag
Mufioz & Gladek 201) An exanple of such a civil society organisation is the-Sc
ence Based Targatitiative®, which helps companigs determine how much they
must cut their greenhouse gas emissions, with the overall goal of keeping global
temperature increase below @° The SciencBased Target initiative differseb
tween two main approaches to allocate emissions at company @D& ét al.
2017):

1. Convergence, where the emissions intensities of all compabiesafrgivenin-
dustryconverge to that required by a global®pathway by 2050; and

2. Contraction (related to intensities or absolute amounts), where all current
sources of emissions reduce at the same rate disregarding cost, equity, or growth
factors.

The ®nvergence oémissionintensity approach assumes that éngssionintensity

of all companies within a giveindustryconverges towards threspective planetary
boundary basethtensity (e.g.2°C carbon intensifyof thatindustryat a rate that
ensuresthe sectoral budget is not exceeded. This method can only be used with
emissions scenarios that disaggregate emissions at the sector level. So far, such
emission scenarios have only been available for sel@ctecstriesin the area of
greenhouse gas emisss (see€CDP et al. 201p

The contraction approach can be applied to emidsimsitiesor absolute emis-
sions.

8 pvisited on 13.2.2018.
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1 The contraction oémissionintensityapproach assumes that all companie&-wit
in the same level of disaggregation (irelustry, region or globally) reduce their
emissionintensity at gparallelrate that ensures the respeciianetary bounat
ry based budget (e.g°C carbon budgeti{dustry, region or globa))is not &-
ceededThe rate of contraction is a function of the emission budget andkthe e
pected level of activity for the sector or region concerned. Activity carxbe e
pressed using economic (e.g. value added) or physical (e.g. ton of product) ind
cators The challenge with intensity approaches is effeativalellingof the de-
nominator (e.gEuroGDP) to ensure the emission budget is not exce@dBe
et al. 201%.

The contraction ofibsoluteemissions assumes that companies within the same
level of disaggregatio(i.e. sector, region or globally) reduce emissions at the same
rate. The rate of contraction is purely a function of the overall reductions implied in
the corresponding emissions scenario. Using this approach, all companies have to
reduce their emissiontsy the sameamount.The contractionof absolute emissions
approach has been applied in this study and is used for allocating the abbeve me
tioned global budgets to the differentlustries It corresponds to the grandfathering
principle’: Industrieswith high initial (actual) environmentampactswill be a-
lowed higher targevaluesthanindustrieswith low initial environmentaimpacts
However within a given industry the individual companies are attributed the same
targetvaluesin a given year.

2.5.3 Implementing the contraction approach
The contractiorof absolute emissiorepproach was implemented as follows:

1 First, the current absolute environmental footprints (i.e. including the whole
supply chain and the wuse phase | nfiddwi psneecnttor ¢
t r a) dfeheSwissindustieswere quantified.

1 Then the industrgpecific target values were determined by multiplyingriie
spective relative global reductialequirementwith the current absolute eiRv
ronmental footprinbf eachSwissindusty.

Specific Swiss reduction requiremeiat® available for the greenhouse gas and the
eutrophication footprint{see Table 2.5). For these two footprints the indost
specific target values were derived using a weighted average of the Swiss and the
global reduction requirements. The weighting was based on the respective shares of
domestic and foreign emissions, i.e. the industry specific reduction requirements are
composed of the sum of the share of emissmewirringin Switzerland, multiplied

° Itis argued that those who have been using a resbaneea higher need to continue using it, basica

ly creatinginertia on existing use patter(Sabag Mufioz & Gladek 2017
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with the specific Swiss reduction requirements and the share of emissmnsing
abroadmultiplied with the relative global reduction requirements.

The i ndus talues asswelk aa thejrecdrrent environmental footprints were
finally divided by the respective global environmental footprints (see also Section
2.4.9).

Table2.5: Necessary reduction at glokmid Swisdevel for each environmental indicator analysed
Environmental Unit Necessary e- Necessary e- Source
indicator duction (global duction (Swiss
level) level)
Greenhousegas Mt CO,- 76% 80% Global: Dao et al. 2015;
footprint eg./a CH: Frischknecht &
Bisser Knopfel 2013
Biodiversity foot-  10° 83% Steffen et al. 2015risch-
print PDF*a/a knecht et al.Z0183
Eutrophication Mt N/a 14% 34% Global: Dao et al. 2015;
footprint CH: Frischknecht &
Busser Kndpfel 2013
Air pollution Mt PMyq 39% Frischknecht & Blsser
footprint eg/a Knopfel 2013

The planetary boundaries concept was not applied on the water footprint. An alte
native approach was followed, which acknowledges regional differences in water
scarcity. For each industry, a ranking was established listing the countries which
contribute most to the water footpriftor each country on this list, the shareef r
newablewater resources currently being used was then specifmthtfleswith a

high contribution to the water footprint and at the same time a high amouet of
newable water resourcefready in uséclose or higher than Z&, which is theol-

erable pressure amnewable water resources according to OECD (2003))are co
sidered those where action the water footprins of high priority:.

2.5.4 Uncertainties regarding planetary boundaries

The above described derivation oapétary boundaries for individual industries
associated with a number of uncertaintiise yearly global emission budgetsed

for defining the planetary boundariesfer to threshold values determined by sc
ence, based on a large agreement from the scientific commbmitsheuncertainty
rangestill is large.This is due tadue to a) the use of global data sets with medium
accuracy in comparison with data generally used at country level, and b) the process
of setting limits based on expert advices and/or policy decisioaso lack of other

daa (Dao et al. 201p
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As the global limitvalue usedor Climate Changébasel onDao et al. 201pre-

flects only a50% chance to stay below a 2°C increage2100 compared with pre
industrial level the necessary reduction in greenhouse gas emissions shouldtin real
ty be higher than calculated in this stuBurthermore since the limit value in Dao et

al. (2015 was for the reference year of 2015 and has since then been exceeded, the
worl dds remaining avail abl e shyinkegImthe® us e
long term only a complete decarbonisatairthe energy supplgeems to be in line

with aiming at the 2C goal and the aspirational goal of 16, as agreed on in the
ParisAgreement For future calculations of global footprint limitewecommend to

base on scenarios providing at least &®6probability of reaching 2°C increase

The planetarypoundaryfor the biodiversity footprint is based on information on the
maximum tolerablglobal speciefoss.This valueshows an uncertainty range of 10
to 100 species per million specids.this study, the lower value of 10 species per
million species was used in accordance with the precautionary principle.

Determining a planetaryoundaryfor air pollution is difficultbecause the extent of
the effects on human health depends heavily on where the particles or theair precu
sors are emittedn this study, the Swiss reduction requirement in accordance with
the Ordinance on Air Pollution Control was applied across the bmwafdreign
emissions. However, the level of the limit thus set is very uncertairstamadbe
verified or determined more precisely througkdepth analysis.

Nitrogen surplusesare distributed unevenly around the globe. Whereas seme r
gions (e.g. Europehave large nitrogen excesses, other regions (e.g. Africa) lack n
trogen for food production. A global perspective, as adopted in this studyphas li
ited significance, even though the different reduction targeSwofzerlandcom-

pared to global reductioiargets have been taken into account. As for air pollution,
for sound statements a more comprehensive analysis taking into accountlregiona
ised impact factors would be necessary.

3 Results of industry screening

3.1 Results of industry screening

The aim of thendustry screening was generate an empirical basis for selecting
eight industries for further detaileshalyses

In a first round we calculated the six environmental footpdetcribed in Subcipa

ter 2.4 for all industries of the SwidSE-IOT. In order to also address trade camp
nies, we additionally determined the environmental footprints of 4 traded consumer
product groups (food, textileBpuseholdequipment ad vehicles). These comprise
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the direct environmental impaabf the respective trade subsector as well asithe e
vironmental footprints of domestic and imported products consuméduseholds
including the use phase in the casek@fseholcequipment angehicles®.

The resultobtainedwere the basis for the selection of the focus industries which
are analysed in more detail (€hapter4). The selection was maly based on the
following criteria:

1 Relevance of the environmental footprint: all industries were ranked according
to each footprint. On the one hand in absolute terms, on the other hand in terms
of intensities with respect to the gross value added ointhestries.The top 5
placements of every industry were then counted,;

1 additional criteria with regard to the footprints such as the ratio of the emissions
by the industry itself to the emissions within the supply chain or the share of
emissions during thesephase

1 supplementary industry information such as the industry size in terms of gross
value added and employment as well as their respective growth rates during the
last decade;

7 another aim of the selection process was to pick a good mix of induste-
ing industrial sectors as well as service sectors.

Certain industries that are less in the focus of this project were excluded froea the s
lection process. The followin@jable 3.1 contains an overview of the industries
cludedand the reasons for exclusion.

Based on the results of the screening and further criteria we proposed a selection of
industries to be studied in detail which was subsequently narrowediddie ds-
cussion with the FOEN.

Many agrifood industriesvere among the tepanked industries in terms of anv
ronmental footprintsTo allow for industry diversity in the projeainly one food
processing industry was selected (processed)meat

% 1n this project the environmental footprint of an industry is defined as the total environmental impacts
caused by an industryds products fTheusephassi® ur ce
consideredn the case of end user products aayiselevant environmental impacts
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Table3.1: Overview of industriegexcludedn the selection process

Industry

Agriculture

Reason for exclusion ‘

Large (direct) environmental footprints which are
already addressed Ioytional environmentadolicy.
The environmentatelevance othe supply chaimas
compared tahedirectimpactsof agricultureis rather
low in comparison to other industries.

Manufacture of coke, refined petroleum
products

The ratio ofimpactswithin the supply chain tthe
impactsof the industry itself is rather low in compa
ison to other industries.

Pharmaceutical products

Poorrepresentativeness Exiobasedue to aggrear
tion with the chemical industry

Electricity, gas, steam and hot water supply

The ratio ofimpactswithin the supply chain tthe
impactsof the industry itself is rather low in compa
ison to other industries.

Sewage and refuse disposal, sanitation and
similar activities

Di squal i fi es ,assnpabtkaseytakenn
into account when assessing the foitjsrof other
industries

From the service sector several trade subsectors were selected:

1 Food trade is the largest subsector of the trade sector and moreover it is also one
of the highest ranked industries in terms of environmental footprints (top 5

placements in all footprint rankings).

1 In textile trade, supply chain management is already being discussed and a great

potential for improvement in terms of environmental impacexpected.

1 With regard to equipment trade, theephase is important iretms of enviro-

mental footprints due to electricity consumption, which makes the indumstry i

teresting for the detaileahalyses

Real etate activities were selected in order to analyse them jointly with the co

struction sector, since the two industrage highly intertwined.

The final set of chosen industries is displayed @able 3.2. The table also covers
some of the information on which the selection was founstegarticular theanks
of the industriesvith regard to the environmental footprints
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Table3.2: Results of Industry screeningValues refer to wholesale and retail trade as alejmot to trade subsectors

Biodiversity
footprint
Water foot-
footprint
Eutrophica-
tion footprint
Total Envi-
ronmental
footprint *
impacts in
supply chain
ployment in
SME

[}
< 7]
= S
[ o
> <
» [
17} [}
= o
@) O

gasfootprint
Air pollution
Share of env
Env. impacts
in use phase?
Share in GDP
Share of en-

Rank Rank Rank Rank Rank Rank Rank

151  Processing of meat 3¢ 1€ 3 13 6 3 16 99% o 02%  69%
24 hemical i
wlo- Chemical industryw/o 15 6 8 5 7 11 7 91% o 12%  33%

24.4  pharmaceutical industry

2 Manufacturing of machi-

9 anufacturing of mac 7 7 14 12 3 17 6  99%  yes?  23%  68%
ery and equipment

45 Construction 3 1 6 3 1 1c 2 70% yes  51%  95%

70,97 Real ivities incl.

0,97 Real estatactivties inc 1 1 13 11 12 12 20 98% yes  9.3% i
private households

85 Health and social work 4 4 7 6 5 9 14 96% na 6.3% 68%

™ rank 1: distributed electricity; rank 3: wholesale and retail trade

2 machinery is used in other industries; ftobtuists use phase of this machine
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Gross value
Greenhouse
gasfootprint
Biodiversity
footprint
Water foot-
Air pollution
footprint
Eutrophica-
tion footprint
Total Envi-
ronmental
footprint **
Share of env
impacts in
supply chain
Env. impacts
in use phase?
Share in GDP
Share of en-
ployment in
SME

Rank Rank Rank Rank Rank Rank Rank

51-52 Food trade 16 3 1 1 2 1 6 - no 14.9%  97%"
51-52 Textlles trade 32 19 18 9 19 18 66 - yed? 149%  97%
51-52 Equipment trade 42 3€ 4C 36 34 4€ 58 - yes 14.9%'  97%*

13 Use phase of clothes can alsmtibute significantly to the environmental impacts. Energy and water use of washing machines is included in use phase
of household devices.
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3.2 Comparison with the results of the REFF-study

The results othe industry screeningave been compared to the results of the REFF
study (Kissling-N&f et al. 201Bbased on the greenhouse gas footpfin®n the
one hand, the resultdf the REFF study were compared directly with the results of
this study, and on the other hand with the results accorditigetBE-IOT 2008
(Frischknecht et al. 20)5This allowed us to estimathe effect of the use of kx
obaseinstead of LCA datdor modellingthe foreign supply chainsg:or both com-
parisons, the use phase has nernb@cluded for consistency reasquse phase not
included in REFFFstudy)

The REFFstudy aimed aidentifying the central fields of action for increasing the
resource efficiency in Switzerland by adopting different perspectives (Swiss final
demand, Swiss economy as well as materials and goods categories). The main target
group waspolicy makers and the goal wa® identify appropriate measures and i
struments for increasing the resousf@ciencyin Switzerland and derive the need

for adapting the legal basis if necessary.

The present study focuses on #hevironmental footprints of Swiss industridhe
main trget group are Swiss compangasd industry associations/here the e
cient use of resources should be promoted. The study aims at identifyiaguthe
ronmentally relevant Swiss industries by taking into account the whole supply
chain. To this end, th®wiss industry as a whole and selectedikdystriesare am-
lysed in detail The contributions of the individual stages of the value chain and i
dividual countries/regionare identified

The REFFstudy is based on the HPT 2005, which was developed Byngbluth
et al. 011, and on life cycle assessment data (modelling imports and exports)
comparisorto the EEIOT 2005 the EEIOT 2008 used in this study has begn u
dated andsubstantially disaggregatetihe SwisseE-IOT 2008was combined with
Exiobase, a environmentally extendedulti-regional 10T

Nevertheless, both studies yield similar resutigerms of absolute greenhouse gas
emissions, He most importanindustriesremained unchanged: In both studies, the

0 c hemi c al (foricondisiendy reasons including pharmaceutical industry)

causes most greenhouse gas emissions. In addition, both studies show the same
dustriesin the topsevenpositions, albeit irslightly different ordernamely Gchem-
calindustrp 6t r anémamu®®acture of food product s,
6constructdelnecsterrivdictesgdi suft buei ohhanti ng,
i ng and afdawmohgéal €r add,. Tweleepohtherfdurteen

4" In contrast to the Ecological Scarcity methedhichwas used ifKissling-Naf et al. 2012nd which
has since been revised, tlgaracterisatiofactorsto calculate greenhouse gas emissi@hsbal
warming potentiad) have remained largely unchanged.
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most importanindustriesin the REFFstudy are also among the fourteen mast |
portantindustriesin this studyNot between the top fourte@mdustries in this study
areerviceo f hot el s amdthad®msneatuarlalnitcs mi.ner al pr «

The differentrankingof the above mentiondaddustriesis mainly explained by di
ferences in their greenhouse gas emission inteasittheir total economic output
remained fairly stableThe emission intensitg f 0 mob-rhegaltic mineral prd-
uct so6, f decreasthya2b9%. Both,the emissions of thadustryitself and
itssuppliers decreased by the percentagationed but the lage share of emissions
occurs in the supply chain

In general, he emissions intesities of the economimdustrieschanged in bothié
rections. For mosindustries the emissions in the supply chain are far mame i
portant than the emissions of tmelustriesthemselves. The changes in the supply
chain are partly due to the more detadeull regionalised modelling, but also due to
the use oExiobasdor modelling the foreign supply chains.

4 Detailed results for selected industries

4.1 Overview

In this chapter the results of the detailed analysis of eight selected industries-are pr
sented. Edtsubchapter referring to an industry is structured as follows

1 brief introduction of the industry,
T economic i mpacts along the industryds su

T environment al i mpacts along thei-industr
ronmental hotspots with reghto supply chain stages, industries, countries and
the direct suppliers to be addressed by the industry. Apart from an overview for
each footprint indicator, one selecteditator is analysed in depth

1 comparison with planetary boundaries gambritiesfor reductionmeasures
T measures for reducing the industryds enyv

Additional results for other than the selected environmental indicator are presented
in detail inannex A andummarised in the industry chapters.

It should be noted thahe industry results contain numerous dotdgdanting le-

tween the industries, since almost every industry supplies products to almost every
other industry. Therefore the industry footpriogsnotbe added up to determine the
environmental footprint of #htotal economy.

In order to enable a comparison of the shares dfiifferentsupply chairstages b-
tween thandustriesexamined, thesupply chairis summarised in the following four
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valueadded stagefort he presentation ofextheacet esnbt st
mai ning upstream chainsdé, o6direct supplie

Resource extraction industries are defined as agriculture (NOGA 2002: 01), forestry
(NOGA 2002: 02), fishery (NOGA 2002: 05) and mining and quarrying (NOGA
2002: 10- 14). When direct suppliers belong to the resource extraction industries,
they are recorded in the latter group, not as direct suppliers.

In a different perspective the environmental impacts are allocated to the dpect su
pliers. Thus each direct supplier is ggated with its total (cradle to exit gate) env
ronmental footprint. In this perspective the total environmental footprint of the focal
industry comprises its direct environmental impacts and the environmental foo
prints of its direct suppliers. This peesive allows the companies from an industry
to prioritise the suppliers that they should address for optimisation measures.

4.2 Meat pro cessing

4.2.1 Introduction

The i ndus tcesgingdiMkrides productmn and preserving of mean{e
ploying 37% of the indist r yé6s wor kf or ce) and the furi
meat products such as sausages (employifg)63

The Swissmeatprocessingndustryemployedl14'485persons (FTE) in 2015. This
corresponds to 0.% of the entire swiss workfordqef. Table4.1). With an average
annual growh rate of 1% between 2011 and 2015 the industry grew slightly faster
than the economy as a whole with regard to employment.

Table4.1: Employmentn the meatprocessingndustry(Source: FSG STATENT)
Employed persons Share in total ~ Average annual Average annual
(in FTE) employment growth rate growth rate of
Swiss workforce
2011 13'873 0.4%
2015 14'485 0.4% 1.1% 1.0%

5 Code 10.1 according to NOGA 200®de 15.1 according to NOGA 2002
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4.2.2 Economic impact

The total value added induced by the Swiss meatessingndustry(including the

supply chaine mo u nt s MiooCHB %FIglre4.1 shows is distribuion along

the different supply chain stagé&he industry itself generates 8 of the induced

value added, wheredbe fraction of value added imputable dwect supplies is

7%. The largest sharewith3 i s generated by industries
upstream chai Poss@ue toAheasvimaterial extrdcting iddustries

the supply chain. It should be noted that direct suppliers stemming from agecul

(i.e. cattle husbandry) are allocated to the raw materials extraction group, not to d

rect suppliers.

In order to understand wheren geographical terms the value added induced by
the Swissmeat productionindustry is generatedsigure 4.2 shows the shares of
countriesin total value addeanducedby Swiss meaprocessingWithin the country
shares the supply chain stages are distinguished.

The upper sectionfdhe figure displays the share of value added gded by the
industry itself (19) as well as the shes generated within domestic (4§ and
foreign 33 %) parts of thesupply chainThus two thirdsof the value added gene
ated within the supply charare created in Switzerland vile the rest is created
abroad.

' These and the following economic data refer to the g@a8.
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® Industry itsel f

m Direct suppliers
TOTAL 6'012

Mio. CHF

= Remaining upstream
chains

 Raw materid extraction

Figure4.1: Total gross value added induad by t he Swimpmxessnjdudi fyedMMeaeat at
by supply chain stages (Sour€&alculations Ritter Soceco)

Within the Swiss supply chains, the shares of value added generated roatevel
supplying industries (i.e. agriculture)and industries in the remaining upstream
chains are of similar size, whereas in the foreign supply shhi& share of theer
maining upstream chains is substantially larger than that of raw material suppliers.
Furthermore, the share of value added to be attributed to direct suppliers is generally
low, especially abroad. This is also due to the fact that@ture as a direct suppl

er of the meat production industry is recorded in the raw material extraction group.
The results show th&@wissmeatprocessindargely relies on domestic raw mater

als, which is a result of border protection in agriculture aod froduction.

The lower part ofigure4.2 displays the share of foreign countries in the total value
added generated by magacessinglower scale).Germanyhasthe largest share

with 9 %, followed by Fance the USA and ltaly with shares betwee#2and3 %.

Among the other top ten countries are mainly European countries with the exception
of China and Canada. Countries outside the top ten account $6rafQotal value

added. The suppliers from foreign countries are mainly intermediate suppliers
(termed as remaining upstream chains) located between the direct suppliers and raw
material extractionThe shares of direct and of raw material suppliers are signif
cartly lower.
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Figure4.2: Total gross value added induad by t he Swipmpmessngdusdi fyeobaeat at
by supply chain stages and countries / regions (Source: Calculations Riitter Soceco)

4.2.3 Environmental impacts

4.2.3.1 Overview

Table 4.2 contains an overview of the total environmental footprints caused by the
Swiss meaifprocessingndustry including its supplychain On the one hand the
footprints are reported in absolute terms, on the other hand as intensities in relation
to directgross output as well as to gross value added of the industry itself. It should
be noticed that the different footprints cannotbenpared amongst each other since
they are completely different measures with different units.
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Table4.2: Environmental footprintscaesd by t he Swi precessing thaluslingrity o6 Me a't
supply chainSource: Calculations Riitter Soceco & Treeze

Indicator In absolute PerM CHF  Per M CHF

terms gross output  gross value
added

Greenhouse gas footprint kt CO eq 4'419 0.81 3.80

Biodiversity footprint nano PDF*a 11'301 2.07 9.72

Water footprint Mm3 1'361 0.25 1.17

Air pollution footprint t PM10 eq 16'635 3.05 14.31

Eutrophication footprint tNeq 21'865 4.01 18.80

Environmental footprint G-eco Pt. 11'039 2.02 9.49

Gross output (industry itself) M CHF 5'457

Gross value added M CHF 1'163

(industry itself)

Figure 4.3 displays the sharef supply chain stages total impactas well as the
share of the industry in the global impact for each footprint apart from the total env
ronmental footprint(and value addégross production valuér comparison ra-
sons).It thus shows how much of the total environmental impact induced by meat
production stems from th8wissindustry itself, how much is caused in the supply
chain and how relevant each indmwator the Swiss megirocessingndustryis.

The results showhat the environmental impacts thfe Swiss industrymeat pro-
cessingitself is negligiblewith shares between% and 2%, depending on thene
vironmental indicator, whilé contributes 1%%6 to total value added. Thus thepsu
ply chain is responsible for almost all of the environmental impaabst bf the im-
pacts stem from raw materialippliers i.e. agriculture in this caséhat contribute
almost one quarter to total value addid shars areslightly lower for the gree
house ga$75 %) and the air pollutiorf87 %) footprints compared to the other feo
printswith shares between 94 and 98%. The share of direct suppliers is als@hne
ligible, while the remaining upstream chains, with a shafr 50% of total value
added, are significant for the greenhouse gas footprirk(24nd also contribute to
the water (86) and the air pollution (1%0) footprints.This result mirrors the short
supply chain of megtrocessingon one hand and the largavironmental intensity
of animatbased agriculture on the other hand.

The Swiss megbprocessingndustryhas large footprist, especially for eutrophae
tion (seeFigure4.3; share of the respectifeotprints in the global footprints oo
pared to theshare of the gross production value of the Swisatprocessingn the
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gross production of the entire global econpnBetails on the necessary reduction
in order to comply with the planetary boundaries can be found in sdcBigh

Figure4.3: Environmental footprints caused by theiSw s i nd uprdcessing 6 Mgatsuppl y
chain stagesshare of the industry in global gross production value and global anviro
mental footprintsas well as the reduction necessary to cgmpith the panetary
boundariegSource: Calculations Riitter Socentd treeze

4.2.3.2 Focus on eutrophication footprint

As mentioned abovehe eutrophicatiorfootprint was chosen asi¢ focus footprint

for the Swissmeatprocessingndustry. As seen iffable4.2 the global amount of
eutrophyingemissions induced by theeatprocessingndus t ry adds wup t o
N eq.

Figure 4.4 highlights which industries (aggregated over all countries) emituhe e
trophying emissions along the supply chain of the Swiss preaéssingndustry.
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Figure4.4: Eutrophication footprinbf the Swiss neat processingndustry by supply chain stage
and supplying industries (Source: Calculations Ritter Soceco)

The |l argest emitters are O6cer dindgscd-gr owi ng
ture, that bothrespectivelyaccount for approximately 4@ of eutrophying ens:

sions. Cereals are needed as feeding stuff for animal husbandry. Growing, of pigs

poultry and other animals lead to significantly less eutrophying emissidng - 06 c a

tle and mik f a r. Agricnlyré as the main raw material supplier dominates the
eutrophication footprint. The other supply chain stages are not relevant.

17" &Cattle and milk farmingstands for the emitting industry that combines beef and dairy cattle. The

environmental impact of milk production is not attributed to the meat, but is considered as a whole.
The environmental impact of the "cattle and milk" sector is expressed per Gsd-pyoduction and
includes meat and dairy cows.
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Figure 4.5 illustrates how the responsible companies are distributed across supply
chain stages and countries. The diagram showsotreat 70% of the footprint are

due to emissions in Switzerlanghile the remaining emissions take place abroad.
The country differentiation reveals Germarfyance, Canada and the ttSbe the
largest foreign polluters in the supply chain of Swismat productionThis is main-

ly due to cultivation of feed crops and otlaiimal feed for meat mainly imported
from Switzerlands neighbouring countries. Canada and the US are included as i

portant suppliers of feed crops.

Figure4.5: Eutrophication footprint caused by the Swissatprocessindgndustry, differentiated by
supply chain stages and countries (Source: Calculations Ritter Soceco)

From a practical point of view it is useful to understand which direct intermediate
inputs purchased by Swiss mgabcessingare responsibl@o what extent) for the
total eutrophication footprint caused by the industry within the supply chEms
allows the companies to identify, which of their suppliers they should access with
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which priority in order to optimise the environmental perforognf their supply
chain. The analysis presented Figure 4.6 allocates the eutrophying emissions
caused by the Swiss mgatocessingndustry within the supply chaito domestic
and foreign direct supplier§hus each direct supplying industry is presented with
its own eutrophication footprint, including all emissions along its own supply chain.
The emissions of the industry itself are shown for comparison reasons

Share in total eutrophication footprint

0% 20% 40% 60% 80%
Industry itself |
Gateand i
Fgs (I
Other animals [
Poultry .

Meat products

Vegetable oilsand fats |
TOTAL: 21'865t N eq
Other disposal
Machinery & equipment

Land transport

Rubber & plastics

All other industries

B Domesticintermediate inputs Foreign intermediate inputs

Figure4.6: Eutrophication footprintof Swiss meat production allocated to dfect suppliers
(Source: Calculations Rutter Soceco)

The eutrophication footprirdgf meatprocessings almost completellinked to pur-
chases o&nimal products from agriculture, with cattle accounting fo#&Qigs for
almost a quartemyhile the relevance of poultry and other animals is much smaller.
Intrasectoral purchasé®m meat productioalso play a small role. Theutrophi@a-

tion footprint can largely be allocated to domestic direct suppliers. This regional
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proximity should make it easier for the Swiss meat production industry to optimise
its supply chain

4.2.3.3 Further environmental impacts

In the following the resultfor the other environmental impacts are briefly stanm
rised. The respective figures can be found in the annex.

For the greenhouse gas footprint, the results show that two thirds of the emissions
occur in Switzerland. Regardimgdustries, cattle farming hashigh relevance with

50% of total greenhouse gas emissions and energy and mining industries show up
among the top ten industries. Cultivation of cereals is much less relevant than for the
eutrophication footprint. The results for the air emission faot@re largely sim

lar. Almost 75% of the total footprint occur in Switzerland. Cattle and pig farming
are the most important single industries responsible for air pollution, with other i
dustries each causing less that ®f the footprint. Regarding ¢hbiodiversity loss
footprint, Switzerland accounts for more than%5f the total footprint. Tropical
countries with a larger biomass loss potential (e.g. Brazil and Indonesia) have larger
shares than for the other footprints due to extensive grazittgewfcattle or land

use for cultivating feed crops. The AWARE water footprint is less concentrated than
the other footprints, i.a. it spreads across a larger number of countries. Countries
with extensive irrigation and/or high water scarcity (e.g. CHiffa,and India) have

the largest shares in the footprint (betweén @nd 16%). In these countries even a

low economic involvement in the supply chains can lead to large water footprints
due to their large water footprint multipliers. Switzerland rankstifiowith 6% of

the water footprint. With regard to industries, growing of animal feeds like cereals,
oil crops and other agricultural crops has the largest relevance.

4.2.3.4 Environmental footprint according to the ecological scarcity method

The total environmeat footprint according to the method of ecological scarcity
(Frischknecht & Busser Knopfel 200L8f the Swissi n d u s t rpsocessiNge ait s
1 1 é2illion ecopoints. Slightly more than half of it is generated by the direct
suppliers in Switzerland; another third stems from imported gdéidare4.7). The
remaining suppliers irBwitzerland(all suppliers without direct link to the Swiss
meatprocessingndustry) cause 144 of the total environmental footprint. The-i
dustry itself generates only% of its total footprint, with virtually all of this being
caused by fossil C&2emissions.

In contrast to the previous figures, raw material production is not presented sep
rately but is allocated to the other stages of the value chain. The much higher pr
portion of direct suppliers is explained by the great importance of agric(éuare

mal and feedorodudion), which isassigned to raw material production in previous
figures butis among the direcnd indirecsuppliers here.
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TOTAL: 11'062 Mia. UBP

5'000

=
o
o
S

10 eco-points
.
(=)
(=)
(=)

2'000
33%

1%

0 —
Imports Remaining suppliers Direct suppliers CH Industry itself
CH

Figure4.7: Environmental footprint in ecpoints causedy the Swissindustry dMeat processing
by supply chain stages and imports (Source: Calculations treeze)

Figure4.8 shows the ten most important contributing diregpiers to the totalre
vironmental botprint (including the supply chaimf theSwissi ndu st mpp- 6 Me a't
cessin@ They explain more than 9% of the total environmental footprint of the
Swissmeatprocessingndustry.

The most important contributions cenfrom the fattening of the animals used in

this industry.The fattening of nowlairy cattlehas the highest contribution (46),
followed by the fattening of pigs (28) and dairy cattle (15%). In all these isdu

tries, the largest part of their environnenfootprint occurs in Switzerland. For
nondairy and dairy cattle, the emissions from livestock farming (ammonia, methane
and nitrate) contribute most to their environmental impacts. The second highest co
tribution comes from the production of feedstufove all feed cereals) in Swi
zaland and abroad. For pigs, the feed production (feed cereals and soybeans) has
the greatest impact, followed by the emissions from livestock farming (ammonia,
particulates and methane).

9% of the total environmental édprint stem from the import of meat and meat
products. About 406 of this impact is caused by tleeoling of the products, the
greatest share of the rest by the fattening of the animals.

The fattening of poultry contributes% to the total environmentdbotprint, fd-

lowed by the fattening of other animals%@. For poultry, the feed production (feed
cereals and soybeans) contributes most to its environmental footprint. The rest is
caused by direct emissions (ammonia, dinitrogen monoxide and methantjean
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electricity use during livestock farming. For the other animal products, the emi
sions from livestock farming (ammonia, nitrate, methane and dinitrogen monoxide)
are the main contributors.

The remaining direct suppliers such@€f | ect r i ti pogbadd ir atnrsiplou t 6
and Disposal servicascontribute little to the total environmental impacts of the
SwissindustrydVieatprocessing

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Meat products i
Non-dairy cattle o/ | —
L ————————————
Dairy cattle and milk BHFTr=
Meat and meat preparations
Poultry B
Other animals BE=

Electricity distribution §

Road transport §

Disposal services |
Metal Products

Remaining supply chain [N

M Industry itself Imports

B Domestic share of domestic intermediate inputs E Foreign share of domestic intermediate inputs

Figure4.8: Environmental footprint caused by the direct supplief intermediate goods andrse
vices for the Swiss industdvieatprocessing(Source: Calculations treeze)

4.2.3.5 Conclusion

The environmental impacts of ti&wvissi n d u st rpyocessiMe agdr e domi nat e
by the gricultural stage, namelgnimal and feed prodtion. The share of theni
dustry itself in its environmental impacts is virtually negligible.

The nost importantcontributions to the eutrophication and the total environmental
footprint stem from éed productionabove allcereals) and amal farming. Inpar-
ticular cattle farming (dairy and nedairy cattle) is associated with high emissions.
The second most important animal category is pigs, followed by poultry and other
animals.

The nonagriculturalindustriescontribute little to the environmental impact of the
Swissmeatprocessingndustry Whereas land transports, disposal services aamd m
chinery/metal products are amongst the ten most important direct contributors for
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both the eutrophication and the totav#onmental footprint, the electricity used-o
l'y shows wup for the total environment al
wel | as Orubber & plasticsd only for the

Both in terms of thesutrophicatiorfootprint and thdotal environmental footprint

the largest share of emissions is generated in Switzerldnd.is in contrast to
many other industries, where most of the emissions are generated dbreayp-
graphical proximity between emissions and the triggering indushplifies coq-
eration and offers opportunities for the joint development of measures to reduce e
vironmentalpollution in the supply chain of the meat indus®n the other hand,
the agricultural sector in Switzerland is strongly influenced by Swissudtgial
politics, whichreduces the degree of flexibility for individual companies or farmers.

4.2.4 Comparison with the planetary boundaries

Figure 4.9 shows the share dhe environmental footprints of the Swiss industry

O Memdcessin i n the respective gl obal enviror
relative reduction need©f the environmental impacts analysélde Swiss meat

production industrgontributes most to éwphication.The second largest contub

tion is to the air pollution footprint, whereas the contributions to the biodiversity and
greenhouse gas f oot pr i shares inhe giobakenvimi-1 ar . T h
mental impactgenerallyexceedts share m globalgross production value.

W industry's target value B industry's relative footprint
Gross production value

Greenhouse gas footprint

Biodiversity loss footprint I

Air pollution footprint

Eutrophication footprint

0 50 100 150 200 250 300 350 400 450

ppm
Figure4.9: Share of avironmental footprints caesd by t he Swi grecessimfthustry & M
global environmental footprints and respective planetary bound@amsce: Calca-

tionstreeze
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The biodiversity and the greenhouse gas footprint have the highest relative reduction
needsTaking into account the share of industry in the global impact and the relative
need for reductiorf, or t he 9Pndessiagindudrytheteutrophication and

the biodiversityfootprints areidentified aspriority field of actions, followed by the
greenhouse gas footprint.

Table4.3 shows the water footprint of tH&wissindustryé M e mocessing differ-

entiated after countyyand the share of renewable water supply used in thecrespe

tive country9% of t he wat er fpmaedsipd iinnd wsft rtyh eo cocMie
India, where 37% of the renewable water supply is already usedChina, where

16% of the wat er fpmeesspdindusttytales platethesus-6 Me a t
tainably useable share of 20is almost reached\nother 15% of the water fob

print of the meafprocessingindustry occurs in the United States, where already

16% of the renewable water supply are used. In Italy and Spain, wiiérarti

4%, respectivel vy, of t heproeessine ri f dwdtprry ntt a
place, the sustainably usable amobahwater is already surpassedd.these con-

tries, there is a need for action regarding the water footprint df e processing

industry.

Table4.3: Water footprint ofSwissindustry & M e prdcessing differentiated after country and
share of renewable water supply used in the respective countries

Country Share of renewable Water footprint i n- Share of total water
water supply used dustry 6 Me @ro- footprint of the indu s-
cessing[Mm?  try 6 Me prdcessing
China 20% 213 16%
United States 16% 209 15%
India 37% 125 9%
Switzerland 5% 84 6%
Italy 24% 83 6%
Spain 29% 49 4%
France 15% 29 2%
Turkey 17% 14 1%
Mexico 17% 12 1%
Greece 13% 10 1%
Remaining countries 533 39%
and unspecified rgjions
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4.2.5 Measures for reducing environmental impacts

4.25.1 Focal areas for measures

For the meaprocessingndustry most of its impacts occur in the upstream chain,
namely during animal fattening. Therefore, measures should focuse on that area:

1 The greatest leverage &chieved by reducing the number of animals used.
Through the utilization of the whole animal (ndsdail) food losses can be
avoided and the meat output per animal is maximized.

Furthermore, the environmental impacts of animal production itself sheuld-b
duced. To achieve this, the mgeibcessingndustry must address its suppliers and
commit them to reducing their environmental footprint. Singecontrast to many
other Swiss industriesa large part of the supply chain is located in Switzerland,
such cooperation is easier to implement than in other indusisedescribed above
(see chapted.2.3, the most important areas to be adressed are direct agmnisl
sions and feeding:

1 Site-appropriate production (no import of additional feed) prevents local nutrient
surpluses.

1 Emissions from farmyard manure and farmyard manure storage shoudd be r
duced as far as possible with appropriate measures (regular reshovahure,
keeping the running surfaces clean, covered storage, inclusion of biogas plants,
etc.).

1 Throughappropriate breeding ardemandoriented feeding the feed efficiency
can be enhanced. A high feed efficiency reduces the amount of feedstuff;needed
both for roughage eaters and monogastric animals

1 Also the use of byproducts and wastes as feedstuff (e.g. whey, grinding and
peeling products, possibly also food waste) reduces the expenses fordeed pr
duction.

1 Ruminants can create valuable proteimsfrgrasslands that are not suitable for
human consumption. In order to realize this advantage, ruminants should not be
fed on concentrated feed, but only on grass fiamdthatis not arable.

1 When using concentrated feed, care should be taken to ensin@nsrentally
friendly production (e.g.analogue tosustainable soywi t h ifsoja net z:
s ¢ h w)eRorzthie composition of the feed mixtures, components with thie lo
est possible environmental impacts should be chosen (e.g. alternative protein
feed sources).

In meat processing the energy use contributes most to its environmental impacts.
Therefore, measure to enhance the energy efficiency and use of renewable energy
sources should be applied.
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4.2.5.2 Monitoring parameters

The development of the environmental impaxtthe meaprocessingndustry could be
monitored with the following indicators:

1 Amount of animal origin wastes relative to amount of edible meat produwets pr
duced

1 Amount of feedstuff used totally and suitable for human consumption per kil
gram of meaproduced Amount of arable land used per kilogram of meat pr
duced

Amount of imported (nothocal) feedstuff used per kilogram of meat produced

Development of methane, nitrous oxide and ammonia emissions from animal
husbandry according to official Swispoeting

1 Amount of electricity used péwg of meat produced and share of renewable-ele
tricity
1 Amount of fosil fuels used per kg of meat produced

4.2.5.3 Instruments and guidelines

The following instruments help in finding and implementing appropriate measures to
reduce the environmental impacts in meat production:

1 Promotion of the utilization of the whole animal (nose to tail)

o httpsi//www.schweizerfleisch.ch/dossiers/nesetail-mehralsfilet-
entrecoteund-co/allesuebernoseto-tail.html

o https://lwww.allofit.ch/
1 Measures for reducing direct animal emissions
o Overview and current state of resga

0 Ammoniaemissions!
1 Sustainable feedstuff:
o Soy:
o0 Protein feedstuff in generdi!
1 Measures foreducing greenhouse gas emissions from agriculture:
0
0

1 Agricultural biogas plants
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o
o

1 Guidelines for Sustainability Assessment of Food and Agricuyseems (&.-
FA):

o http://www.fao.org/nr/sustainability/sushability-assessmentsafa
4.3 Production of chemical products

4.3.1 Introduction

The industmyoféPc loemic'texdudep the gharrmacesiticar i
dustry. The Swiss chemical industry is characterised by the production of specialty
chemicals while themportance ofenvironmentally intensivéasic chemical -
duction (eg. of plastics, fertilisers) is rather loWw includes the following activities:

1 Manufacture of basic chemicdd6 % of employed persons)

1 Manufacture of pesticides and othtegrochemical product$6 % of employed
persony

1 Manufacture of paints, varnishes and similar coatings, printing ink and mastics
(15 % of employed persons

1 Manufacture of soap and detergents, cleaning and polishing preparatiens, pe
fumes and toilet prepations(20 % of employed persons

1 Manufacture of other chemical produ€sd % of employed persons
1 Manufacture of mammade fibreg2 % of employed persois

The Swiss chemical iperabnsEREY iry 201b Mipsicarg-re d 27 6 1
sponds td.7 % of the entire Swiss workforcélowever employment has declined
between 2011 and 2015eeTable4.4).

18 Code 20 according tNOGA 2008, code 24 excl. 24.4 according to NOGA 2002.
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Table4.4: Employmentin the chemical industrgSource: FS@ STATENT)

Employed persons Share in total  Average annual Average annual
(in FTE) employment growth rate growth rate of

Swiss workforce

2011 29'487 0.8%

2015 27'100 0.7% -2.1% 1.0%

4.3.2 Economic impact

The total value added induced by the Swabemicalindustry amounts t@0&39

Mio. CHF™. Figure 4.10 shows how it is distributed across the different supply
chain sages.The industry itseltontributes31 % to the induced value added and a
shareof 17 % stems fromits direct suppliersWhile the largest share is generated by
the supply chain stagesr e mai ni ng u (#5%),rthe éraotiorc di waluen s 6
addedmputable to raw material extracting industrie®€yis much smaller

Figure4.10: Tot al gross value added induced bydthe Swis:
uctsodé, diff er en tagea(Seucte: Baculatianp RitteySocetop i n st

¥ These and the following economic data refer to the g6@8.
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In order to understand wheren geographical terms the value added induced by
the Swisschemicalindustry is generatediigure 4.11 shows the shares of induced
value added differentiated by countries and supply chain stages.

Figure4.11: Tot al gross value added induced bydthe Swiss:s
u c tddférentiated by supply chain stages and countries / regions (Source: Calculations
Rutter Soceco)

The upper section of the figure displays the share of value added generated by the
industry itself (31%) as well as the shares generated within dome2fiéo) and

foreign @4 %) parts of thesupply chainThusmore than half of théotal value adl-

edis generatedn Switzerlandwhile the rest is createabroad

Within the Swiss supply chain, the share of value added generated by direct suppl
ersis smaller tlan that ofindustries in the remaining upstream chains, whereas in
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the foreign supply chains the share of the direct suppliers is substantially lower. In
addition, the share of value added induced in raw material extraction industries in
foreign supply chias is slightly larger than in Swiss supply chains.

The lower part ofigure4.11 displays the share of foreign countries in the total va

ue added generated by the mheal industry (lower scalefsermanyhas the largest

share in value added wittD % and the USollow with more than5 %. Other top

ten countries are European countries, China and Japan. Countries outside the top ten
account for 144 of total value addedn terms of supply chain stagesjstnotica-

ble that the largest portions of value added in raw material extraction industries are
generated in Africa and the middle east, the rest of America and Asia, whereas there
is almost no value added created amvrmaterial extracting industries amongst the
most European countries.

4.3.3 Environmental impacts

4.3.3.1 Overview

Table4.5 contains an overview of the total environmental foots caused by the
Swiss chemical industf) The footprints are reported in absolute terns as ri-
tensities in relation to gross output as well as to gross value added of the irtdustry i
self. It should be noticed that the different footprints cannatdmepared amongst
each other since they are completely different measures with different units.

20 Environmental footprints are shown without the emissions occurring in the use pliasegh chen-
ical emissions can have a significant impact on the environment, there is little detailed quantitative i
formation on the sources and material loads of iddiai chemicals. For this reason, no reliable
statement could be made about the environmental impacts in the use phase of the chemical industry
and the use phase is therefore not presented.
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Table4.5: Environmental footprints caused by the Swébemicalindustry (Source: Calculations
Rutter Soceco & fleez¢
Indicator In absolute Per M CHF Per M CHF
terms gross output gross value
(only produc- added (only
tion) production)
Greenhouse gas footprint kt CO, eq 8'681 0.50 1.39
Biodiversity footprint nano PDF*a 10'849 0.63 1.74
Water footprint Mm3 3'663 0.21 0.59
Air pollution footprint t PM10 eq 14'315 0.83 2.30
Eutrophication footprint tNeq 8'825 0.51 1.42
Environmental footprint G-eco Pt. 13'844 0.80 2.22
Gross output (industry itself) M CHF 17'264
Gross value added M CHF 6'227
(industry itself)

Figure4.12 displays the shaseof supply chain stages total impactas well as the
share of thendustryin the global impactor eachfootprint (and value addégross
production valudor comparisormreasons)lt thus shows how much of the total env
ronmental impact induced by the chemical industry stems from the industry itself
how much is caused in the supply chamd how relevant each indicator for the
Swiss chemical industrg.
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Share of supply chain stage in total impact Relevance of indicator
and target values

Gross value 7% 45% 17% 319% 20'333 Mio.
added CHF
Greenhouse gas 8'681 kt CO2
- 3 < & .
footprint @ . eq
Biodiversity 100% 0% 0% 0% 10849 nano ]
loss footprint PDF*a
i 1% 3'663 Mm3
footprint
Air pollution @ 14'315 t
Eutrophication :
footprint 80% @ - 2% 2 8'825t N eq F
o 100 200
ppm
R -
aw. LEREE Direct Industry
material upstream TS itself
extraction chains =
W Industry's target value
B industry's relative footprint
Figure4.12: Environmental footprints caused by the Swiiss d u sroducgion 6f Bhemical pa

u c thy sbipply chain stageshare of the industry in global gross production value and
global environmental footprintas wellas the reduction necessary to coynpith the
planetary boundarig&ource: Calculations Ritter Soceanud treezp

The resultsshow a differentiated picture of the distribution of environmental i
pacts along the supply chain of the chemical industrynost cases the chemical
industry, generating 3% of total value added, is responsible for a minor share of
environmental impacts, whereas the major share occurs in its supply chain. The
chemical industry contributes 24 to the greenhouse gas footprint &b to the
eutrophication footprint. Its shares are negligible for the other footp@otapared

to the industry itself and other supplieraw material extractiomominates thee-

sults for the biodiversity, the water and the eutrophication foofprimreast plays

a minor role for the greenhouse gas and the air pollution footpiintshare be-
tween23 % and 24%. The major share of the greenhouse gas and the air pollution
footprints occurs in the upstream parts of the supply chain between raviairexter
traction and the direct suppliers.

The comparison of shares in value added and environmental footprints reveals that
raw material extraction is especialigsource ancemission intensive, especially
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with regard to the biodiversity, water and eutngpkion footprints. Regarding the
greenhouse gas and the air emission footprint, the emission shares roughly mirror
the value added shares of direct and intermediate suppliers, thus pointing to-an ave
age emission intensity in the supply chain. The chdnmchustry itself displays a
below average emission intensity.

Most relevant for thehemical industrys the greenhouse gdsotprint (seeFigure
4.12; share of the respectiveotprint in the global footprints compared to gleare

of the gross production value of thkemical industryn the gross production of the
entire global econon)yDetails on the necessary reduction in order to comply with
the planetary boundaries can be found in seei84.

4.3.3.2 Focus on greenhouse gas footprint

The focus foqtrint chosen for the Swiss chemical industry is the greenhouse gas
footprint, since it is or ofthe highest ranking footprints for this industAs seen in

Table 4.5 the global amount of greenhouse gas emissions induced by the chemical

i ndustry in Switzerjegnd adds up to 86681

Figure 4.13 highlights which industries (aggregated over all countries) emit the
greenhouse gaseatong the supply chain dfie Swiss chemical industry. The largest
emitter is the chemical industry itself with a share of@7%artly in its role as focal

industryandoartly in its role as directy-suppl i e
i ngd6b, supplying the chemical i ndustry wit
from fossil fuel sd f Bolahdd 6. We shdres sffothar e s b e t

industries are sigficantly lower. Here basic metal production, public heat gener
tion and other nometallic minerals can be mentioned. Industries outside the top ten
hold a share of almost 26.
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Figure4.13: Greenhouse gd&soot pri nt caused by the industry O0Pro
supply chain stage and supplying industries (Source: Calculations Ritter Soceco)

Figure4.14 ill ustrates how the responsible companies are distributed across supply
chain stages and countries. The diagram shows th#t @2the footprint are due to
emissions in Switzerland (24 by the industry itself and the rest in the other supply
chain stages).

Thus 78% of the emissions take place abroad. The country differentiation of-gree
house gas emissions reveals China, Germany and the US to be the largest foreign
polluters. In comparison to the value added distribution across courfri€sgire

4.11) China, Russia and India are ranked much higher when measuring m gree
house gas emissions. This is due to the (in average) higher greenhouse gas emission
intensities in those countries when compared to western countries such as Germany
or the US.With regard to supply chain stages, the remaining upstream chains b
tween raw raterial extraction and direct suppliers to the chemical industry are pa
ticularly important. Direct suppliers with significant greenhouse gas emissions are
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mainly located in Europe and the US, whereas raw material extraction is naainly |
cated outside Eur@p

Figure4.14: Greenhouse gas footprint caused by dthe Swiss

uctsoéo, di fferentiated by supply chain stage
Rutter Soceco)

In adifferent perspective the greenhouse gas footprint is allocated to the dpect su
pliers in the sense that each supplying industry is allocated its total footprint. This
allows companies to identify which of their suppliers they should access with which
priority in order to optimise the environmental performance of their supply chain.
The analysis presented kiigure4.15 allocates the greenhouse gas emissions caused
by the Swiss chemical industry within the supply chain to domestic and foreign d
rect suppliersThe direct emissions of the chemical industry itself are shownder re

sons of comparison.
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Figure4.15: Greenhouse gas footprint caused by the direct suppliers of intermediate goods and se
vices for the Swiss industry O6Production of
Rutter Soceco)

Over 40% of the greenhouse gas emissions caused by the Swiss chiechisaty

within the supply chain are linked to intersectoral purchases of intermediate inputs
from the chemical i ndustry itself. Ot her
guarrying6é, paper and paper produwmedts supp
packaging materials, refineries supplying energy and raw materials for organic
chemicals. Other suppliers are related to energy consumption, machinery and the

food industry supplying products such as oils and fats, starch and sugar as inputs to

the chenical industry
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4.3.3.3 Further environmental impacts

In the following the results for the other environmental impacts are briefly aumm
rised. The respective figures can be found in the annex.

Regardinghe air emission footprintess than 10% of total emissiomscur in Swi-
zerland. Foreign emissions are spread across a large variety of countries with China,
Germany and the USAesponsible for the largest shar@he chemical industry,
basic metal manufacturing and electricity generation from fossil fuels eask ca
roughly 15% of the total footprint, with the rest being distributed across a large
number of industrieBiodiversity loss is mainly related to vegetal products used as
raw materials in the chemical industry (e.g. oils, sugar and starches). Cattlggfarm
induced by animal raw materials and by food supply to persons employed in the
supply chain and forestry induced by the use of wood in buildings and other inves
ment goods also play a rolewitzerland accounts for only9® of the total footprint.
Tropical countries with a larger biomass loss potential (e.g. Brazil, Indonesia and
the rest of Asia) have larger shares than for the other footpApfzoximaely

50 % of the footprint occuoutside the top ten countrieBhus the impact ispread
across a a&riety of countriesThe picture looks similar for thdWARE water foad-

print. Agriculture dominates, but chemicals account for 10% of the water footprint.
With regard to country distribution, the water footpiigitess concentratethan the
other footprirts, i.e it spreads across a larger number of countries. Countries with
extensive irrigation and/or high water scarcity (e3dnina, US,India, Italy and
Spair) have the largest shares in the footprint (betwééf and 15%). In these
countries even a lowconomic involvement in the supply chains ¢aadto large
water footprints due to their large water footprint multiplidise share of Switze

land is neglgible with 2%.

4.3.3.4 Environmental footprint according to the ecological scarcity method

The total enwionmental footprint according to the method of ecological scarcity
(Frischknecht & Busser Knopfel 2003 o f the industry OProdu
pr odu & 8 é&dilian scopoints. Nearly three quarters of it are causednpy i

ported goodsKigure4.16). The industry itself generates ¥b of its total footprint,

with the main catributors being emissions of fossil g@nd nickel. Another8 %

and 5%, respectively, stem from the remaining suppliers and direct suppliers in
Switzerland.
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Figure4.16: Environmental footprint in eepoints caused by the industé?roduction of chemical

product®by supply chain stages and imports (Source: Calculations treeze)

Figure4.17 shows the ten most important contributing direct suppliers to the total
environmental impacts of th®wiss chemicaindustry. The ten largest contributors
explain just about half of the total environmental footprint of the production of
chemical productsSeven of them are imported precursor products. The three largest
contributors are the import otherchemicas (20 %), organic chemical$7 %) and

OMi ni ng an@%quarryingo

The footprint ofthe importedchemicalproducts is determined by the raw Bl

and energy requirements in their productidhe most important contributors are
different organic chemicalsind agricultural raw materials (e.g. for starch produ
tion) The OMini ng and prquidesforreyamplegide basedichent r vy
cal addtives, chemical raw materials and chemical active ingredients. Aboté 60

of the environmental footprint of this industry occurs within the country and stems
mainly from its gravel resource requiremeritem CO,-emissions and gypsune-r
quirements. The réss due to its electricity use as well as from construction and
disposal services. The environmental footprint of the electricity used (industry
O [ectricityd i st r ) ibcawseddoy the production of Swiss and foreign nuclear
power as well as importeglectricity from coal power plants. Further impacts stem
from other imported productségetable oils and fatpetroleum products, inorganic
chemicals) as well as from oils and fats produced in Switzerland. For those as well
as for the imported vegetalfilgs and oils, the main impacts occur during thei-cult
vation of the oleaginous crops.
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Figure4.17: Environmental footprint caused by the direct suppliers of intermediate goodsrand se
vices for the Swiss industidProduction of chemical produéd$kemaining supply chain
= all other direct supplieSource: Calculations treeze)

4.3.3.5 Conclusion

Over 70% of the greenhouse gas atite environmental footprint of th&wiss
chemicalindustryarerelated to emissionsccurringabroad.This is due to high pu

chases from the foreign chemical industry, which is the most important contributor
to the greenhouse gas emissions and the total environmental impact of the Swiss
chemical industry. Other impauntt direct suppliers for both the greenhouse gas and

the environment al footprint of the Swiss

i ngo6 ( disdrgamceawi nmatgrials o r the chemical i ndust
productsd and 6vegetable oils and fatsé6.

For the greenhouse gas emissions, also 0p:
most i mportant direct contributors, as we
heat 6) , O6machinery & equi pment 6, 6whol es a
theot her hand, the electricity wuse, oOferti]l

the ten most important direct suppliers for the total environmental footprint.

For both the greenhouse gas and the total environmental footprint the industry itself
causes laout one seventh of the total emissions over the whole supply chain.
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4.3.4 Comparison with the planetary boundaries

Figure 4.18 shows the share of the environmental footgriof the Swiss industry

@roduction of chemical produéts i n t he respective gl obal (
as well as the relative reduction neetdike Swiss chemicalindustry contributes

most tothe greenhouse gas footpriifiihe second largest contrilor is to theeu-
trophicationfootprint, followed bythe contributions to thair pollution and biodi-

versity lossfootprints.For the latter,it e i n dshasetinthg globalenvironma-

tal impactis belowits share inglobalgross production value.

The biodiversity and the greenhouse gas footprint have the highest relative reduction
needsTaking into account the share of industry in the global impact and the relative
need for reduction, thgreenhousgasfootprint is identified aspriority field of ac-

tion for the Swiss chemical industrin second place comes the biodiversitytfoo
print.

W industry's target value B industry's relative footprint

| | | | |
Gross production value

Greenhouse gas footprint

Biodiversity loss footprint

Air pollution footprint

Eutrophication footprint

0 20 40 60 80 100 120 140 160 180

ppm

Figure4.18: Shareofavi ronment al footpri nt Produciansfelemitay t he Sw
p r o d urc glaba environmental footprints and respective planetary boundaries
(Source: Calculationseezé

Table4.6 shows the water footprint of tf&wiss chemicahdustry, differentiatetby
country, and the share of renewable water supply used in the respective country.
12% of the water footprint of th&wiss chemical industry occurs in India, where
37% of the renewable water supply is already uddg tolerable amount of su
tainably usable water is also exceeded in Italy and Spain, whérard 4%, re-
spectively, of the water footprint of the Swidgemical industry stem fromn Chi-

na, wherel5 % of the water footprint of the Swiss chemiralustrytakes placgethe
sustainably useable share of%0of the renewable water supply is almost reached
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Therefore India, China, Italy and Spain are the atestwitha need for actioner
garding the water footprint of tH&wiss chemicaihdustry.Another 9% of the water
footprint of the Swiss chemical industry stems from the United States, where in a
national average already %6 of the renewable water suppye usedAs especially

in large countries, regional differences in wadeailability can be high, mports

from this country should also be monitored for their impact on the water footprint.

Table4.6: Waterfootprint ofthe Swiss chemicahdustry differentiated after country and share of
renewable water supply used in the respective countries
Country Share of renewable Water footprint of Share of total water
water supply used chemicalindustry  footprint of the chem-
[Mm?] ical industry

China 20% 536 15%
India 37% 446 12%
United States 16% 336 9%
Italy 24% 247 7%
Spain 29% 149 4%
Switzerland 5% 61 2%
Turkey 17% 30 1%
France 15% 20 1%
Greece 13% 20 1%
Australia 5% 19 1%
Remaining countries 1799 49%
and unspecified regions

4.3.5 Measures for reducing environmental impacts

4.35.1 Focal areas for measures

For the chemical industry, most of the environmental impacts are related td-impor
ed products.But dso the emissions from thimdustry itself are not negligible
Therefore, effective measures for reducing the environmental impacts of the chem
cal industry should focus on those two areas:

1 For the imported goods a sustainable supply chain management is crucial.
Therefore, differenpossibilities exist (see e.gungmichel et al. 2037
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o

Integration into purchasing: environmental issues are included irefram
work agreements or a supplier code. Specific ecological requirements
can be taken into account in purchastnigeria and specifications. @Go
pliance can be checked by presenting certificates or by audits of-suppl
ers.

Cooperation with suppliers: knowledge transfer and capacity building
among suppliers worldwide (e.g. on the subject of energy efficiency).
Envirormental topics can be anchored in regular target discussions with
suppliers or joint projects can be implemented to identify suitabie sol
tions for improvements. The exchange also allows better coordination of
processes with the supplier. Furthermore, owpeeences, e.g. fromme

ergy efficiency measures in the context of the use of environmental ma
agement systems, can be passed on to suppliers in order to initiate i
provements there. The qualification can take place either through own
training programs owith the help of existing knowledge platforms.

Supply Chain Structure: targeted development of transparent supply
chains that meet high ecological standards. This measure covers the e
tire supply chain. One possibility is direct procurement from raw ater

al producers. This creates greater transparency regarding the origin of
materials and existing local environmental standards, which in t@n en
bles the implementation of targeted measures to improve the enviro
mental performance of the raw material produte order to avoid that
eventualhigher purchase prisdbecomean obstacle to the procurement

of products from sustainable sourcgsnakes sense to build up sustai
able supply chains step by step and at the same time to sensitiza-custo
ers to these paucts.

Product structure (use of more sustainable product components)r-This a
ea of action also covers the entire value chain. Product design changes
can be an important lever for reducing environmental impacts in fie su
ply chain. This concerns above #ike replacement of critical raw mater

als by more environmentally friendly alternatives, e.g. the use gf rec
cled material. Changes to product design can also help to avoid or at least
reduce the scope of problematic processes from an environmental pe
spedive. This field of measures has a high innovation potential both for
the procuring company and the (psaippliers. The prerequisites are that
sustainable alternatives for product components are available and that
companies are able to achieve more soatde product designs through
their research and development activities.

1 For the direct emissions from industry itself, especially the reductidossil
CO,- andnickel emissionsare centralBesides, also themissions ohalogen&
ed hydrocarbonsouldplay a certain rote
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o0 COs-emissions: Enhancement of the energy efficiency of buildings and
production facilities, replacement of fossil fuels by fuetselectricity
from renewable sources, waste heat recovery

0 Nickel-emissions to water: Use best availatdehnique (BAT) for po-
duction and waste water treatment

o Halogenated hydrocarbons: use of alternative refrigerants (see e.g.

)

1 Besidethe above mentioned measures, also measddsessing he o6 Mi ni ng
and quarryingo6 industry, Opaper inand pap
dustries, their impact is mainly related to the energy supply and the induced
CO-emissions. Reducing these impacts requires the same measures as for the
CO,-emissions of the chemical industry itself: a sustainable energy supply from
renewable sources agll as the enhancement of the energy efficiency ofibuil
ings and production facilities.

4.3.5.2 Monitoring parameters

The development of the environmental impacts of the chemical industry could be mon
tored with the following indicators:

1 Amount of CQ, nickeland halogenated hydrocarbons emitted per t of product
1 Amount of purchasedputs per CHF revenue

1 Share of known players in the supply chain
)l

Share of purchased inputs sustainably produced (according to agreements with
producer, certification schemes, colbahition with producer etc.)

=

Amount of electricity used per t of prodwstd share of renewable electricity

Amount of fossil fuels used per t of product

4.3.5.3 Instruments and guidelines

The following instruments help in finding and implementing appropriate mesasur
reduce the environmental impacts in the production of chemical products:

1 Existinginitiativesof the chemical industry:

o0 Re s pons i-RBrdgam @a)r veldntary initiative of the globallg-a
tive chemical industry with the aim of continuously imprayiperfa-
mance in the areas of safety, health and environmental protection.
Further informationt!

o Chemié - Nachhaltigkeitsinitiative der deutschen Chemie: Joint sustai
ability initiative of VCI, IG BCE and BAVC with the aim of anchoring
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the principle of sustainability as a guiding principle in the chemieal i
dustry. Inter alia with a guide to sustainable supply chain management
especially designed for small and mediaired conpanies in the chem

cal industry (https://www.chemiehoch3.de/de/home/die
initiative/news/nachhaltigkein-der-lieferkettechemie3dleitfadenbietet
orientierung.html)

Further informationhttps://www.chemiehoch3.de/de/home.html

o Portal of the International Councils of Chemical Associations (ICCA):
https://www.iccachem.org/energglimate/

1 Sustainable supply chain management: Environmental management systems:
o Intiati ve AToget herhtpb@dfsnitSivesconrdai nabi | i tyo

o Environmental management scheme of the European Union EMAS:
www.emas.de

o ISO 14001 ff. https://www.iso.org/isel400tenvironmental
management.hihl and 1SO 50001 htps://www.iso.ora/iseb000%
energymanagement.htl

1 Energy reduction measures

0 Guidelines Chemicals Sector of Carbon Trust;
https://www.carbontrust.com/resources/quides/sduased
advice/chemicals/

1 Guidelines to industrgpecific bestavailabletechnique standards:

o Europan Commission Best Available Techniques (BAT) and Best
Available Techniques Reference Documents (BREF) Guides:
http://eippcb.jrc.ec.europa.eu/reference/

o Environmental, health and safety guideline§ the World Bank:
https://www.ifc.org/wps/wcm/connect/topics _ext_content/ifc_external ¢
orporate_sitbssustainabilityat-ifc/policies-standards/elhguidelines

4.4  Production of machinery

4.4.1 Introduction

The i ndwdturcyt i ®m T ihcludes themanofacturg 6f general and
special purpose machinery, ergetal forming machinery and machiteols or ag-
ricultural and forestry machinerf he Swi ss machinery industr

L Code 28 according to®IGA 2008, code 29 according to NOGA 2002
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fulltime equivalents(FTE) in 2015. This corresponds td’2 of the entire Swiss
workforce.Absolute employment as well as the employment share of machinery has
declined betweeB011 and 201%seeTable4.7).

Table4.7: Employmentin the machineryindustry(Source: FSQ STATENT)
Employed persons Share in total ~ Average annual Average annual
(in FTE) employment growth rate growth rate of
Swiss workforce
2011 78'053 2.0%
2015 72'367 1.8% -1.9% 1.0%

4.4.2 Economic impact

The total value added induced by the Swisschineryindustry amounts t40d084

Mio. CHF*2. Figure 4.19 shows how it is distributed across the different supply

chain stagesThe industry itself generates %4 of the induced value added/hile

thedirect supplier§24 %) and the supplychaingte s O6r emai ni ng upstr
(42 %) are also accountable for substantial value added shares, the fraction of value

added imputable to raw material extracting industri€%)3 almost negligible.

22 These and the following economic data refer to the g6@8.
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Figure4.19: Tot al gross value added induced by ft he Swiss
ferentiated by supply chain stages (Source: Calculations Riitter Soceco)

In order to understand wheren geographical terms the value added induced by
the Swissmachineryindustry is generatedrigure4.20 shows the shares of induced
value added differentiated by countries and supply chain stages.

The upper section of the figadisplays the share of value added generated by the
industry itself 81%) as well as the shares generated within domes3iéoj3and
foreign (36%) parts of thesupplychain Thus almost two thirds dhe value added

is created in Switzerland while the resgeneratedbroad.

Within the Swiss supply chaithe shares of value added generated by directisuppl
ers and industries in the remaining upstream chains are of similar size, whereas in
the foreigh supply chains the share of the direct suppliers is substantially lower.
With regard to theaw material extraction industriegalue addeds almost co-

pletely induced in foreigncountries The results show that the direct suppliers of
Swiss machinery armainly located in Switzerland. These also include suppliers of
services. Direct suppliers of materials, parts and components are largely based in
foreign countries.
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Figure4.20: Total gross value addeddruced by the Swiss indusftry O6Prod
ferentiated by supply chain stages and countries / regions (Source: Calculations Rutter
Soceco)

The lower part ofFigure4.20 displays the share of foreign countries in the tothl va

ue added generated by Swiss machinery (lower scale). Among the top nine countries
Germanyhas by far the largest share in total inducallied added11 %). Italy, the

US, France andustria follow with shares between?d and3 %. China and Russia

are the most important emerging countries in the value chain of Swiss machinery,
though with a small share in value added. Countries outside the top nine account for
more than 1046 of value dded.

In terms of supply chain stagestermediate suppliers between raw material extra
tion and direct suppliers have the largest relevance. Raw material suppliers are
mainly located outside Europe.
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4.4.3 Environmental impacts

4.4.3.1 Overview

Table 4.8 contains an overview of the total environmental footprints caused by the
Swiss machinery industry. On the one hand the footprints are reported in absolute
terms, on the other hand as intensities in relation to gross output as well as to gross
value added of the industry itself. It should be noticed that the different footprints
cannot be compared amongst each other since they are completely different
measuresvith different units.

Table4.8: Environment al footprints caused by the Swis
(Source: Calculations Ritter Soceco & Trgeze
Indicator In absolute Per M CHF Per M CHF
terms  grossoutput gross value
added
Greenhouse gas footprint kt CO, eq 10'031 0.27 0.80
Biodiversity footprint nano PDF*a 5'602 0.15 0.45
Water footprint Mm3 2'348 0.06 0.19
Air pollution footprint t PM10 eq 23'090 0.63 1.85
Eutrophication footprint tNeq 4'859 0.13 0.39
Environmental footprint G-eco Pt. 13'853 0.37 1.11
Gross output (industry itself) M CHF 36'942
Gross value added M CHF 12'462
(industry itself)

Figure4.21 displays the sharef supply chain stages total impactas well as the
share of the industry in the global impé#at eachfootprint apart from the envim-
mental footprint(and value addédross production valur comparison reasons).

It thus shows how much of the total environmental impact induced by Swvaiss m
chinery industry stems from the industry itself, how much is caused in the supply
chain and how relevant each indicator for 8vess machinery industig.
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Share of supply chain stage in total impact Relevance of indicator
and target values

Gross value 29 439 4% 319% 40'084 Mio.
added CHF
Greenhouse gas . 10'031 kt CO2
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Figure4.21. Environment al footprints causfamhchilesp tbhye Swi s ¢
supply chain stageshare of the industry in global gross production value mioag
environmental footprintas well as the reduction necessary to cgmpth the planetary
boundariegSource: Calculations Rutter Socexntd treezp

The machinery industry, contributing 24 of total value added, only has a neglig

ble share in its owenvironmental footprints. Its share is largest for the greenhouse
gas footprint with only 46. Thus between 9% and 100% of the impacts occur in

the supply chain industries. The share of direct suppliers is also smaller than their
value added share, bstill relevant with approximately 1% respectively for the
greenhouse gas, the air pollution and the eutrophication footgfiotshe gree-

house gas and the air pollution footprints, the remaining upstream chains between
raw material extraction and durt suppliers have the largest shares %68esp.
75%). They include basic material production, e.g. steel or aluminium production,
but also less used materials such as plastics, rubber or glass. With regardde the bi
diversity footprint (98%), the waterfootprint (67%) and the eutrophication fto

print (60%) most of the impact stem from raw material extraction. Remairpag u
stream chains are also important.
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Most relevant for the machinery industaye the air pollution and thgreenhouse
gasfootprints (seeFigure4.21; share of the respectifeotprints in the global fae

prints compared to thehare of the gross production value of t@chinery industry

in the grosgproduction of the entire global econompetails on the necessarg-r
duction in order to comply with the planetary boundaries can be found in section
4.4.4

4.4.3.2 Focus on air pollution footprint

The focus footprint chosen for the machinery industry is the air emission foptprint

since this is the highest ranking footprint (€able 3.2). As seen inTable 4.8 the

global amount ofair emissions induced bgwissmac hi nery adds wup to
PMyo eq. Figure4.22 displayswhich industries (aggregated over all countries) emit

the air pollutants which are caused by Swiss machinery. The largest emitter is the

basic metals industry which is accountable for &% of the global air erst

sions induced. OEl ectricity from%fossi/l f
Ot her i mportant supply chain industries i
g u ar r of mmegad resources and energy cartiesgater tansport, petroleum

products and other nemetallic minerals. The industries not present in the top ten

account for less than 2@ of the air emissions footprint.
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Figure4.22: Air pollution footprint causeby t he industry OProduction of
chain stage and indugtfSource: Calculations Riitter Soceco)

Figure 4.23 illustrates how the responsible comparaes distributed across supply
chain stages and countries. The diagram shows that énlgfRhe footprint are due
to emissions in Switzerland with the industry itself contributing orfg.195% of
the emissions occur abroad.

The country differentiatiomf greenhouse gas emissions reveals Chiitn 20 %

of the total emissionslGermany(10 %) and Russig6 %) to be the largest foreign
polluters in the context of the supply chains of the Swiss machinery industry. Other
important emitters are South AfagcBrazil, the USA and India. The emission sha

of these emerging countries (almost%f total emissions) isignificantly larger

than their share in induced value addedder 5%). This illustrates the impact of

the larger emission intensities (pemituof value added) in these countries when
compared tahe more developecbuntries.
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Figure4.23: Air pollution footprint caused by trhe Swiss
entiated by supply lmin stage and source countries (Source: Calculations Ritter
Soceco)

From a practical point of view it is useful to understand which direct inputs pu
chased by the Swiss machinémgustry are responsible (what extent) for the total

air emissions causeddithin the supply chainThis allows the companies to identify,
which of their suppliers they should access with which priority in order to optimise
the environmental performance of their supply ch@itme analysis presented kig-

ure 4.24 allocates the air emissions caused by Swiss machinery within the supply
chain to domestic and foreign direct suppliérsr reasons of comparison the share
of machinery( 6i ndustedy 6) i s also included.
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Figure4.24: Air pollution footprint caused by the direct suppliers of intermediate goods and services
for the Swiss industry OProducter®wocecopf machi n

The most important direct suppliers are the basic metals and the metal products i
dustries with shares of more than @0respectivelyof the air emission footprint
caused by the Swiss machinery industry. Basic metals mainly stem from foreign
suppliers, whereas domestic suppliers have a larger relevance with regard to metal
products. Also important are technology and component suppliers from within the
machinery industry (1%6), the electrical equipment (28) and precision equipment

(4 %) industies Other important suppliers come from rubber and plastios pr
cessing supplying parts for machinery and from the trade and tramsgastries
Suppliers from outside the top ten account for oveboldf the total footprint.
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4.4.3.3 Further environmental impacts

In the following the results for the other environmental impacts are briefly aumm
rised. The respective figures can be found in the annex.

For the biodiversity, the water and the eutrophication footprint raw material supply
and especially agricultea are predominanthis reflects that agriculture generally
dominates these midpoint indicators, even if it is not an important input forahe m
chinery industry. Forestry plays a role as supplier of wood for investment goods,
packaging etcFurthermore, anoteworthy sharef the water footprinttan be d-
tributed to thebasic metalsndustry, an important share of the eutrophicatiort-foo
print on the other hand is caused by disposal activities.

With regard to the country distribution it is worth mentionihgtiSwitzerland and
China togther are equally responsibler almost 40% of the eutrophication fdeo
print. China ¢ also dormating the water footint followed by India, Italy and the
USA. The biodiversity footprint is spread among many countries.

For the greenhouse gas footprint, the responsible industries are mainly electricity
generation from fossil fuels, mining and quarrying of energy carriers and minerals
andthe kasic metalsndustry. The production of machinery itself also enters the top
five industries. With regard to the responsible countries of the supply chain, China,
Germany and Switzerland dominate.

4.4.3.4 Environmental footprint according to the ecological scarcity method

The total environment al footpriemtyoofi st he
136853 Dbpoints.Nearly 90860 ofoit are caused by imported goodsglre

4.25). The remaining Swiss suppliers caus¥ 5the direct Swiss suppliers’4 and

the industry itself only 26 of its total environmental footprint. The footprint of the

industry itself is mainly caused by the emissions of fossi}, G@lowed by other

emissions such as NMVOC, nitrogen oxides, and benzene.
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Figure4.25: Environmental footprint in ecpoints caused by the industiiyroduction of machineby

by supply chain stages and imports (Source: Calculations treeze)

Figure 4.26 shows the ten most important contributing direct suppliers to the total
environmental impact of the industéyroduction of machineéy The ten mostm-
portant contributors explain nearly 90 of the tothenvironmental footprint. With
almost15% the most important contributare the Swissd Mtal productd Their
environmental footprint occurs mainly abroad and is due to the import of iron and
steel as well as neierrous metals. The direct imports of mudactures of metals,
iron and steel and neflerrous metals each contribute about®d@o the total env
ronmental footprint of the indust§Production of machineéy The environmental
footprint of all these contributors is mainly due to the production of the respective
metals.

With 7 % the fifth most important direct supplier is the SwdSsmputer and ete

trical industryd Here again, important contributors are imgort of iron and steel,

import of nonferrous metals, the metal products and the import of manufactures of
metals.Additionally, also the import of electrical machinery contributes to thé env

ronmental footprintofthé of f i ce and el Futhermdare&®bfthe qui p mer
total environmental footprint of the industiifroduction of machinedjs related to

the import of electrical machinery.

The wholesale and retail trade contribute% 4o the total environmental footprint
of the industry@roducton of machiner§ Its environmental footprint is caused by
its electricity need, infrastructuréQonstructio® and Renting and other business
service$), by the®isposal servicgsand imported petroleum products. Further r
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ther minor contributions sterinom imported industrial machinery and equipment,
from the electricity use and the Swiss indusRRybber and plastipr oduct s 6

0% 5% 10% 15% 20% 25% 30% 35%

Machinery & equipment |
Metal products ‘E
Manufactures of metals
Iron and steel
Non-ferrous metals
Office & electrical equipment Z
Electrical machinery
Wholesale & retail trade =
Industrial machinery
Electricity distribution =
Rubber & plastics
Remaining supply chain | —

M Industry itself Imports

B Domestic share of domestic intermediate inputs = Foreign share of domestic intermediate inputs

Figure4.26: Environmental footprint caused by the direct suppliers of irgeliate goods and 1se
vices for the Swiss industrdProduction of machinefy Remaining supply chain = all
other direct supplieréSource: Calculations treeze)

4.4.3.5 Conclusion

For air pollution and the total environmental footprint,%8%nd nearly 906 of the
emissions, respectively, occur abroad. The most important contributing difgct su
pliers are very similar for both indicators. Metal production causes the highest i

pacts, either directly via the purchase of metals or indirectly via the purchase of

metal prodicts. The second most important contribution stems from purchased
componerd like different kind of machineryelectrical equipment angrecision
equipment. Othemportant suppliersre rubber and plastic productse tradein-
dustryandin the case of # air pollution footprint theransportindustries The m-
pacts of the machinery industry itself are negligible for all indicators analysed.

The results of this study can be compared to a similar study of the I8&MS> in-
dustry Proz & Hellweg 2018 The main results with regard to the environmental

% MEM: metals, machinerelectrical engineering, precision instruments and vehicle manufacturing
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relevance of the foreign part of the supply chain and the contribution of speeific i
dustries and countries to the environmental footprints of Swiss machinerynare co
parable. Differences of results can be explained by

1 the different system boundaries: whilest study analyses the Swiss machinery
industry, Droz & Hellweganalysethe MEM industry, of which machinery is a
part.

1 the different methodbr calculating the economic variables: Droz & Hellweg e
timate the turnover aofhe MEM industry from exports andgtimated shares of
exports in turnover, while this study uses data on gross output and gross value
added from official Swiss statistics. Both studies calculate specific envirenme
tal intensities as the environmental footprint divided by turnover resputoutp
Yet the use of different variables (turnover vs. output) and different data sources
make a comparison of results difficult.

1 the different databasgsed for calculating the environmental footprints: Droz &
Hellweg use the multiregional EIOT Exiobase 8.3. This study uses a comb
nation of the Swiss EEOT 2008 and Exiobase v3.4, since the Swiss economic
data in Exiobase v3.3 were found to be distorted in the sense that economic data
(output and value added) deviate from official Swiss statistics. Tdrer¢he
Swiss EEIOT and data from Swiss trade statistics were used to analyse Swiss
value chains and imports. Exiobase is only used to analyse value chains in fo
eign countries.

4.4.4 Comparison with the planetary boundaries

Figure 4.27 shows the share of the environmental footprints of the Swiss industry
OProduction of machinerydéd in the respect.i
as the relative reduction need@f the environmental impacts analysdide Swiss

machinery industrycontributes most tahe air pollution and the greenhouse gas
footprints The contributions to the eutrophication and the biodiversity loss foo

prints are smaller. For all indicators analysedy e i nshares trthe\globalen-

vironmental impactss lower thants share inglobalgross production value.
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Figure4.27: Shareofavi r onment al footprint Productionofnachnby t he Sw
e r ind@lobal environmental footprints and respective planetary boundi@msce:
Calculationdreezg

The biodiversity and the greenhouse gas footprint have the highest relative reduction
needsTaking into account the share of industry in thabgl impact and the relative
need for reductiorfor the Swiss machinery industtiye greenhouse gdsotprintis
identified agpriority field of action, followed by the air pollution footprint.

Table 4.9 shows the water footprint of th@wissindustry6 Pr oduct imn of m e
e r,yifferentiated after countryand the share of renewable water supply used in

the respective countrjdalf of thewa er f oot print of the Swiss
of machineryé occurs in countries where t
water of 20% is exceeded or almost reached (China, India, Italy, USA, Spain, Tu

key, South Africa and BulgarialNearly onethird of the water footprint of the Swiss

i ndustry O6Production of mac®hiofnherene@ st ems
ble water supply is used. This is in line with the high importance of China for the air

pollution footprint. The other countries cotuie less to the water footprint of the

Swiss industry OProduction of machineryo,
water is exceeded by% to 17%. In all these countries, there is a need for action

regarding the water footprint of ti&viss machingrindustry.

Environmental hotspots in the supply chain of Swiss companies



4 Detailed results for selected industries 82

Table4.9: Water footprint of industryg Pr oduct i on diffefentiateal @afteri coumtry yarid
share of renewable water supply used in the respective countries

Country Share of renewable Water footprint i n- Share of total water
water supply used dustry 6 Pr o d u ¢ footprint of the indus-

mac hi fven]y try6Produc

mac hi

China 20% 719 31%
India 37% 215 9%
Italy 24% 132 6%
United States 16% 110 5%
Spain 29% 57 2%
Turkey 17% 36 2%
South Africa 25% 34 1%
Australia 5% 28 1%
Bulgaria 29% 20 1%
Switzerland 5% 18 1%
Remaining countries 980 42%
and unspecified regions

4.4.5 Measures for reducing environmental impacts

4.45.1 Focal areas for measures

For the&roduction of machinefjindustry, most of the environmental impacts are
related to imported products. Metal production causes the most important wontrib
tion. Effective measures for reducing the environmental impacts through the{produ
tion of machinery therefore focus on the asel production of purchased goods;, e
pecially metals.

The environmental impacts of the purchased metals and metal products en be r
duced by enhancing the material efficiency, i.e. using less material input for the
same amount of products. This can bei@ged by implementing ecodesign into the
development of new and enhancements of existing proddatgéher possibility $

the use of recycled instead of primary metals.

An important step for reducinpe environmental impacts of the supply chaithe
implemenation of a sustainable supply chain managem@&itferent possibilities
exist for this purpose (see SubsectdoB.5.).
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4.4.5.2 Monitoring parameters

The development of the environmental impacts offreduction of machinedindus-
try could be monitored with the following indicators:

1 Amount ofmetals (e.giron and ste@lused per CHF revenue

1 Share of secondary material (recycled metals) in totall nmguat
1 Share of known players in the supply chain
)l

Share of purchased inputs sustainably produced (according to agreements with

producer, certification schemes, collaboration with producer etc.)

4.4.5.3 Instruments and guidelines

The following instruments help iimding and implementing appropriate measures to
reduce the environmental impacts in the production of machinery:

1 Increasing material and energy efficiency:
0 Reffnet:
7 Sustainability in the mechanical engering industry:

0 Blue competence sustainability initiative:
http://www.bluecompetence.net/home

1 Sustainable supply chain management: Environmental management systems:
o Environmental management scheme tbé European Union EMAS:

o ISO 14001 ff. (
yl and 1SO 50001 K

)

1 Metal production

0 Guidelines from the International Council on Mining and Metals
(ICMM):

o Standards of the Aluminium Stewardship Initiative (ASI):

45 Real estate services and construction

In this chapter the cluster of real estate serviogscanstruction is presenteBoth
industries are importam shaping the supply chains of buildings and infrastructure
construction in SwitzerlandVe first present the supply chain of real estate services,
that also includes the construction industryaasmportant supplier, and then &dd
tionally zoom inbriefly on the supply chain dhe constructionindustry.
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45.1 Introduction

The real estatservicesindustry includes commercial real estate services as well as
private households as real estate owifeBommercial real estate services consist
of

1 buying and selling of own real estate
1 renting and operating of own or leased real estate
1 real estate activities on a fee or contract basis

Private households as real estate owners form a separate industrySiniskera-
tional accounts. It comprises the own usewellings owned by private households
and rental income by private households.

The construction industry includes the following activities:

1 development of buildings projects,

1 construction of residentiand norresidential buildings

1 civil engineering,

1 specialized construction activities (e.g. installation, roofing, painting).

The relationship between the real estate services and the construction industry is d
picted in

4 Real estate services: NOGA 68 according to NOGA 2008, NOGA 70 according to NOGAp#002;
vatehouseholds as real estate own&f®GA 98 according to NOGA 2008, NOGA 97 according to
NOGA 2002
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Figure4.28. The construction is an important supplier for the real estate semices i
dustry. Apart from the real estate services industry there are othersooineal s-

tate and of infrastructurée.g. roads, wastewater management, power lines). The
construction industry also supplies services to these entities. Thus the real estate
services industry has suppliers other than the construction industry. Amdrthe
struction industry supplies services to clients from outside the real estate services
industry, including owners of infrastructure.

In the following, real estate services and real estate industry are used as synonyms.

a N\ 7 )

Real estate servicasdustry

_ Other owners of
Commercial real Private house real estate and

estate services holds as real infrastructure
estate owners

\ A _/

Construction industry

(construction of buildings and of infrastructure)

Figure4.28: Relationship between the construction and the real estate services industry

The i n dmnsetcial yeal éstate serviées a small industry with regard tone

ployment, but shows an above average growth rate. It empoyetho st #5606 000 p
sons (FTE) in 2015 and grew annually on average byo2oétween 2011 and 2015.

Private households as real estate owners do not have any employees, but are |

portant with regard to gross value added, since depreciation of their realsgstate

nificantly contributes to value added in the national accounts.

The Swiss constructiomdustry is one of the larger Swiss industriesertployed
al most 326 qRTE) h 2q1®= MHEsocoresponds to 84 of the entire
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Swiss workforceOn averageemploymenthas grownby 0.9% per year between
2011 and 201%seeTable4.10).

Table4.10: Employmentin real estate services and tlenstructionindustry (Source: FSOi
STATENT)

Year Real estate servicemdustry Construction industry
Employed Share in  Average Employed Sharein Average| Average
persons totalem-  annual persons total em- annual annual
(in FTE) ployment growth (in FTE) ployment growth growth
rate rate rate of
Swiss
workforce

2011 40'820 1.1% 314'438 8.2%

2015 44'795 1.1% 2.4% 325'576 8.1% 0.9% 1.0%

4.5.2 Economic impact of the real estate services industry

The total value added inducedbyh e Swi ss r eal estate indus
Mio. CHF?®. Figure 4.29 shows how it is distributed across the different supply

chain stage8. The largest share generated by the industry itself (36, which is

due to the large value added of private households as real estate. Gleesspply

chain stages 0%,ieg.eastrucion mqudlry earnsdd oO(r@eOmai ni n ¢
stream c%ea.g cangnt gn@eSmanufacturensare also accountable for

substantial value added shareleTraction of value added imputable to raw mater

al extracting industries (%) is almost negligible.

% These and the following economic data refer to the g6@8.

% The use phase, that is relevant for environmental impamtesponds to a consumption aitjivand
thus does not generate value added.
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M Industry itself

m Direct suppliers

TOTAL 89'171

Mio. CHF

¥ Remaining upstream
chains

= Raw materid extraction

Figure4.29: Totalgrossy al ue added induced by theddsferéenss i ndust
ated by supply chain stages (Source: Calculations Ritter Soceco)

In order to understand wheren geographical terms the value added induced by
the Swiss real estate industsygenerated;igure4.30 shows the shares of induced
value added differentiated by countries and supply chain stages.

The upper section of the figure displays thershat value added generated by the
industry itself (568%) as well as the shares generated within domestié&o32nd
foreign (12%) parts of the supply chaifThus almos®0 % of the value added ge
erated within the supply chains is created in Switzerlahtde the rest is created
abroad.

Within the Swiss supply chains, the shares of value added generated by dlirect su
pliers is larger than that of the remaining upstream chains, whereas in the foreign
supply chains the share of the direct suppliers is sofieitst lower. Thus a major
share of direct suppliers appears to be located in Switzerland.
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Figure4.30: Total gross val ue add e dRealedatesarviteditieyenit he Swi ss
ated bysupply chain stages and countries / regions (Source: Calculations Ritter Soceco)

The lower part ofFigure4.30 displays the share of foreign countries in the tothl va

ue added generated by the real estate indusegmanyhas the largest share with
3% of the total valued addeébllowed bythe US ltaly, France and the UK he
countries outside the top ten account for approximatétyd total value addedn
termsof supply chain stages, value added in foreign countries is mainly generated
by intermediate suppliers situated between direct suppliers and raw materied extra
tion.
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4.5.3 Environmental impacts of the real estate services industry

453.1 Overview

Table4.11 contains an overview of the total environmental footprints caused by the
Swiss real estate industryncluding the use phase (i.e. environmental impacts
caused by heating duildings) On the one hand the footprints are reported i-abs

lute terms, on the other hand as intensities in relation to gross output as well as to
gross value added of the industry itself. It should be noticed that the differént foo
prints cannot be copared amongst each other since they are completely different
measures with different units.

Table4.11: Environmental footprints caused by the Swiss induétfi e a | es tbfSbuece:s er vi ces
CalculationsRitter Soceco & Treeje
Indicator Unit Inabsolu-  Of which  Of which Per M CHF Per M CHF
teterms inthe use inproduc- gross output gross value
phase tion (only produc- added (only
tion)  production)
Greenhouse gas kt CO, 24606 :2 1606E¢ 7067 0.11 0.15
footprint eq
Biodiversity nano 6066 879 567 0.08 0.11
footprint PDF*a
Water footprint ~ Mm?® 367 168 168 0.03 0.04
Air pollution t PMyg 2806: 13067 14614 0.20 0.29
footprint eq
Eutrophication tNeq 761 925 662 0.09 0.12
footprint
Environmental G-eco 2606¢€ 1606¢€ 967 0.14 0.20
footprint Pt.
Gross output M CHF 70614
(industry itself)
Gross value M CHF 506C
added
(industry itself)

Aiming to understand the supply chain stages in which the different environmental
impacts take placé&igure4.31 displays the sharef supply chain stages total im-
pactas well as the share of the industry in the global imfuacall footprintsapart
from the environmental footprirfand value addeédross production valu®r com-
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parison reasonslt thus shows how much of the total environmental impact induced
by the real estate industry stems from the industry itself, how much is caused in the
supply chain and how relevant each indicator for the Sweigl estate industry.

Share of supply chain stage in total impact Relevance of indicator
and target values

Gross value 1% 23% 20% 56% 89'171 Mio.
added CHF

Greenhouse gas 2% % <59 24'286 kt CO2
footprint @ @ L .2 eq _

Biodiversity g5% s 1% 0% 439 6'631 nano
loss footprint PDF*a
0%
0%
Water 3'707 Mm3
footprint

Air pollution
footprint

1% 282541
Eutrophication > 0% .
footprint @ g . 7'173tN eq F

Raw Remaining
material upstream
extraction chains

Direct Iz iy Use phase
suppliers itself p

W Industry's target value

B Industry's relative footprint

Figure4.31: Environment al footpri nt RBealedatleservicésblyy t dep Blwy s s
chain stagesshare of the industry in global gross production value and géobélon-
mental footprintsas well as the reduction necessary to cgmpith the planetary
boundariegSource: Calculations Rutter Socexnd treezp

This figure shows that the use phase accounts for large shares of the various foo
prints. It is most impoant for the greenhouse gas footprint (with a shareBé6p

for the water footprint§1 %) and the air pollution footprint §%), including e.g.

the environment al i mpacts of househol dso
electricity use and waterse The use phase is less relevant for the biodiversity and

the eutrophication footprint. The reastate industrytself and its direct suppliers

(e.g. construction) generate much of the value added but only small shares of the
environmental footprintsThe remaining upstream chains (e.g. cement andrtile i

dustries) have significant shares in the greenhouse @#%)(2the air pollution

(39%) and the eutrophication footprints (8®. Finally raw material extraction as
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usual dominates the biodiversity tpant (8 %), but is also quite relevant for the
eutrophication (8 %) and the water38 %) footprint.

The real estate servichave a large greenhouse @astprint (seeFigure4.31; share

of the respectivéootprint in the global footprints compared to gtere of the gross
production value of theeal estate servicaa the gross production of the entire
global economy). Details on the necessary reduction in order to comply with the
planetary boundaries can be found in secfi@dn4

4.5.3.2 Focus on greenhouse gas emis sions

The focus footprint chosen for the Swiss real estate industry is the greenhouse gas
footprint. As seen iMable4.11 the global amount of greenhouse gas emissio-

duced by the real estate industry in Switzerland adds ugd®&8& kt CQ, eq, of

whi ch 7 6,fdae caused i@ the supply chain of the real estate indlis&y.

use phase accounts for @8 of the total greenhouse gas footprint, mainly due to
spae heating and to a lesser extent to warm water, electricity and water use.

Regarding the supply chaiRigure4.32 displaysin the lower partwhich industries

of the supply chairfaggregated over all countries) emit the greenhouse gases. The

|l argest emitter is the industry odelectric
5% of the greenhouse gas footpridtlining and quarryingfollows on the second

place (4%). In general a large fraction of grdewuse gas emissions stefnom

basic industries like other nanetallic minerals or basic metals. Real estate services

and construction are responsible faimost 26 of the emissions respectively.
Transport,petroleum products and chemicals follow among the top ten. Industries

outside the top ten account foore than 86 of the greenhouse gas footprint.
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Figure4.32: Greenhouse gas footprint caused by thesntiuRy a & e st aby supptyelaimi c e s 6
stage and supplying industries (Source: Calculations Ritter Soceco)

Figure 4.33 illustrates how the responsible companies distributed across supply
chain stages and countries. Tlogver part of thediagram shows thatore than
three quartersf the footprint are due to emissions in Switzerla®% during the
use phase and more thafody the industry itself and by Swissipply chain inds-
tries) while the remaining emissions take place abroad.

The country differentiation of greenhouse gas emissions reveals China and Germany
to be the |l argest foreign polluters in th
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by Russiathe US and Italy. Countries outside the top ten accour %orof the
footprint. Emissions abroad are mainly caused by remaining upstream chains and to
a lesser extent by raw material extraction.

Figure4.33: Greenhouse gas f oot pr i nRealesatesevitesiifgrentt he Swi ss
ated by supply chain stage and source countries (Source: Calculations Ritter Soceco)
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From a practical point of view it is useful to understand which directnmeeiate
inputs purchased by tHewiss real estate industaye responsibletd what extent)

for the total greenhouse gas emissions caused by the industry within the supply
chains.This allows the companies to identify, which of their suppliers they should
access with which priority in order to optimise the environmental performance of
their supply chainThe analysis presented time lower part ofigure4.34 allocates

the greenhouse gasmissions caused by the Swiesal estatendustry within the
supply chain to domestic and foreign direct suppli€isis each direct supplying
industry is presented with its ovgreenhouse gasotprint, including all emissions
along ts own supply chain. The emissions of the industry itself are shownrfor co
parison reasons

The results show that construction as a direct supplier to the real estate industry is
responsible for almost8% of the greenhouse gas footpfinSurprisingly firmncial
services and other business services are also relevanshaitbs between% and

4 %. Here the main contributors are energy use and the use of invegouzis,

that are environmentally intensivdhe impact of other suppliers is rather small.
Therefore in order to optimise it®tal induced environmental impact®al estate
service providers need to focus on the use phase, i.e. energy consumptiod-of buil
ings and theenergy andnaterials used fahe construction of buildings.

“’Thisincludles he greenhouse gas emissions of the construct
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Figure4.34: Greenhouse gas footprint caused by the direct suppliers of intermediate goods and se

vices for t hRe &lwi sst d(SoatcesHhloulgtionsdrEttdr Soceco)

4.5.3.3 Further environmental impacts
In thefollowing the results for the other environmental impacts are briefly satmm
rised. The respective figures can be found in the annex.

For the biodiversity, the water and the eutrophication footprint raw material supply
and particularlyagriculture are predoinant. However, for both the biodiversity as
well as the eutrophication footprint, the largest shares are caused by other industries:

Environmental hotspots in the supply chain of Swiss companies



4 Detailed results for selected industries 96

Forestry in the case of the biodiversity footprint and disposal activities in the case of
the eutrophication footprint.

The air pollution footprint on the other hand, is mainly caused in Basic metals, ele
tricity generation from fossil fuels, other nometallic minerals. A nomeglectable
share is also to be attributed to the construction industry which is the main direct
swpplier for realestate services.

With regard to the country distribution it catches the eye that Switzerland isypredo
inant in all the environmental footprints with exception of the water footprint, which
is dominated by China followed by India. Howevewiterland still enters the top
ten countries also for the water footprint.

In addition to Switzerland important shares of the different footprint are caused by
the following countries: Indonesia amtazil for the biodiversity footprint, China
and Germanyor the air pollution and the eutrophication footprint.

For all the environmental footprints more the%?5are directly connected with the
most important direct supplier of the real estate industry: Construction.

4.5.3.4 Environmental footprint according to the e cological scarcity method

The total environmental f oot pr2i6not60osf btihe
lion ecapoints (UBP), of whiclonly9 6 7 8 5 b ipdints(309%) are caused by

the supply chairfseeFigure4.35). The annual environmental impacts caused by the

energy demand during the use of residential buildings amountt@® 8illod eco

points and exceeds that of the total industry with its supp@in by about 5@6.

With nearly 80% the biggest contribution to the environmental footprint of the use

phase stems from space heating.

Within the supply chain, ore than 7@% of its environmental footprirdre caused

by imported goodsOf this, 44% is due to imports into tld€onstructio®industry,
Theforeign share of the environmental imggaist mainly due to imports of energy
carriers (electricity and fossil fuels) amdetals. The remaining Swiss suppliers
cause 180, the direct Swis suppliers 86 and the industry itself only% of the o-

tal environmental footprint of the real estate services.dl@@o n s t rindusttyi o n 0
thereby accounts for 7 of the other suppliers and %0 of the direct suppliers. In

total,t h eonstructio® ndustrycontributes 61 % to the environmental footprint of

thei n d u Reklestate servicés
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Figure4.35 E tal footprint points (UBP d by th dust | estat
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imports (Source: Calculations treeze)

i n dwysupply ghain stages and

The biggest contribution to the environmental footpfint UBP) of the industry

O0Real estate servicesb©é, including the dir
comes from t het Sevi sisu 3 inmdecendribusee 184t thee s 6 .

total environmental footprintHjgure4.36). The biggest contributor the environme

t al i mpacts of the i ndus tdisposalséiicasepy b usi ne
lishing and printing products used (paper production, especiadiyggrconsum-

tion), the electricity use of this industry, the impacts of membership organizations
(construction and disposal services, electricity) as well as the direct emissions of the
0Const ond (mandyC& andnitrous oxide).

Nearly 9% of the environmental footprint stem from the disposal services directly
supplied to the real estate servi¢es. disposal of wastes generated during building
and maintenance of the building€0% of the environmental footprint of thig-i
dustry is due talirect emissions, above all nutrient releases (nitrogen, phosphorus)
and heavy metal emissions into water bodies, carbon stored in landfills and dioxin
emissions into air.

Abitmorethan 2% from t he tot al environment al f o
nonmetallic mineral producé This industry is a supplier to the construction sdu

try and comprises e.g. cement production. The biggest contributors to itsnenviro

mental footprint are its direct emissions (above all,-@@issions and release of

other air pdlutants such as heavy metals, nitrogen oxides and particulates) and its

energy needs (electricity, petroleum products).
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The O0Fi na ncontabute an@hends to thestotal environmental footprint
of t he OReal estate seepviaces ®Cok& Emucbghbd
and other business serviceso6 as well as

Theve 6 al products6 and the direct emissior
contribute each about% t o t he t ot al environtmment al f

services6. The enviMeotnanie nptraol d ufcotostdp roi cnctu rosf
and is due to the import of iron and steel as well asfavaus metals. The most
importantdirect emissions from the construction industry are carbon dioxide; nitr
gen oxides, particulates, chlorofluorocarbons and-methane volatile organic
compound¢NMVOC).

Other more minor contributions stfrmmt he o6 Manuf actures of me t

wood productsé, OPetroleum and peerol eum
tricalequi p.ment 0

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Real estate services |l

| |
Other business services BE=

Disposal services BFHVHeex
Oth. non-metallic minerals B

Financial services =
Metal products
Construction (direct emissions) E
Manufactures of metals
Wood and wood products E
Petroleum and petroleum products

Computer & electrical equipment §

Remaining supply chain | ——

M Industry itself Imports

B Domestic share of domestic intermediate inputs E Foreign share of domestic intermediate inputs

Figure4.36: Environmental footprint caused by the direct suppliers of intermediate goodsrand se
vices for the Swiss industrié€onstructiodand Real estate servic@Remaining sp-
ply chain = all other direct suppliefSource: Calculations treeze)

4.5.3.5 Spotlight on the environmental impacts of the construction industry

The construction industry is one of the main suppliers to the real estate sarvices i
dustry and an importartontributa to the supply chain environmental impacts of
that industry. But the construction industry is also active in other areas. It constructs
buildings for customers outside the real estate services industry (e.g. companies
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owning their own real estate) andcinstructs civil engineering structures. In the
following we briefly summarise the environmental impacts of the construction i
dustry and its supply chain.

Table4.12 gives an overview of the environmental footprints of the Swiss canstru
tion industry. The comparison with the results for the Swiss real estate industry
(Table4.1, col umn O6productiond) show that the
are larger, even though the value added induced by Swiss construction is significan
ly lower. The greenhouse gas, biodiversity, water, air pollution and total eaviro
mental footprints ofhe construction industry are almost double as large as those of
the real estate services industry (without the use phase). The eutrophication footprint
is 50% larger. The table also displays that the environmental intensities per unit of
output or valueadded are significantly higher. These results show that the constru
tion industry is the environmentally most relevant supplier to the real estate services
industry, but also a relevant industry in its own right.

Table4.12: Environmental footprints caused by the Swissistructionindustry (Source: Calcal-
tions Ritter Soceco & Treere

Indicator In absolute Per M CHF Per M CHF

terms  gross output gross value
added

Greenhouse gas footprint kt CO, eq 1406¢€ 0.25 0.55

Biodiversity footprint nano PDF*a 116C 0.18 0.41

Water footprint Mm3 363 0.06 0.12

Air pollution footprint t PM10 eq 290¢€ 0.49 1.09

Eutrophication footprint tNeq 963 0.15 0.35

Environmental footprint G-eco Pt. 2062 0.34 0.75

Gross output (industry itself) M CHF 60614

Gross value added M CHF 27081

(industry itself)

45.3.6 Conclusion

The lion's share of the environmental impacts ofrds estate servicesdustryis
generated during the use of the buildingsis is mainly due to the consumption of
fossil heating fuels and the electricity requirements for lighting and climate control

systems.
Within the supply chain  t he o6constructiond industry i
greenhouse gas and the total emvirme nt a | footprint ef the S

Environmental hotspots in the supply chain of Swiss companies



4 Detailed results for selected industries 100

tate servicesbo. For both indicatofs, the
of the i mpacts. Besides o6constructiono, a
nanci al ser vi c écrribunan koghe greeshausesgasaandtthe #otal
environment al footprint of the Swiss O6rea
services6 being more important for the gr
serviceso for dlfoaprint.ot al environment

Via 6constructioné, v ar i-metadlic mhineral$, chetal g mat e
and wood products as well as petroleum products contribute to the environmental

i mpacts of O6real estate servi ewwlénr Besi de

ronmental footprint and to a minor extent also for the greenhouse gas footprint of
this.

For both indicator®nly more than a quarterf the emissions are generated in $wi
zerland.

4.5.4 Comparison with the planetary boundaries

Figure4.37 shows the share of the environmental footprimttuding the use phase

(in parts per million,pm) of the Swiss industryc-06Real e
tive global envionmental footprints as well as the relative reduction n€edshe

definition of the reduction needs, see cha@tg). Of the environmental impactaa

alysed,the Swiss real estate servicesntribute most tdhe greenhouse gas teo

print. The second largest contribution is to the air pollution footprint. For those two

i ndi cat or s sharesirthe globaénvisohnmentad impacts exceéd share

in global gross production valud=or the eutrophication and the biodiversity loss
footprints, the industryds shares in the
global gross production value.
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W industry's target value B industry's relative footprint

Gross production value

Greenhouse gas footprint

Biodiversity loss footprint

Air pollution footprint

Eutrophication footprint

0 100 200 300 400 500 600
ppm
Figure4.37: Shareofavi ronment al footprintfReabusestialby skhevbw
global environmental footprints and respective planetary bound@@msce: Calca-

tionstreezg.

The biodiversity and the greenhouse gas footprint have the highegste reduction
needsTaking into account the share of industry in the global impact and the relative

need for reduction, thgreenhouse gdsotprintis the priority field of action for the

Swiss industry O6Real est dutioefospent.vi cesé, f o

Table4.13 shows the water footprint of the industiyR e a | est,difeen-ser vi ce
tiated after countryand the share of renewable water supsgdiin the respective

country(see chapte2.5.3.23% of the water footprint of
servicesd occur s i% of@éienwable watdr suppty islkme ar | y 2
ready usedIn India, where8 % of the water footprint of thendustryé Re a | estate
s er v take® @ate37 % of the renewable water supply is usédso in Italy,

Spain and South Africa, where a smaller part of the water footprithe Swissn-

dustry OReal estate servicesod oE@Wr s, mo r
see chapte?.5.3 of the renewable water supply is used. Aiming at reducing the w
ter footprint of the Swissndustryd Re a | estate servicesbo, t h

where an emphasis should be put on

Depending on the region from which an imported prodterns water cosumption

can also be problematic in a country where the cowwithg average for sustainable
use is not exceededhis could be the case for the USA and Turkey, for example
where the sustainably usable share is almost reathede countries should tleer

fore also be taken into account when developing measures to reduce the water foo
print.
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Table4.13; Water footprint of the Swiss industry OReal
and share of renewl water supply used in the respective countries

Country Share of reneva- Water footprint of Share of total water

ble water supply 6 Re al e st a footprint of the industry

used [Mm?] 6Real est

China 20% 426 23%
India 37% 152 8%
United States 16% 101 6%
Italy 24% 81 4%
Spain 29% 42 2%
Turkey 17% 30 2%
Switzerland 5% 22 1%
Greece 13% 19 1%
Australia 5% 14 1%
South Africa 25% 12 1%
Remaining countries 923 51%
and unspecified regions

4.5.5 Measures for reducing environmental impacts

455.1 Focal areas for measures
Use phasel(3-68 % of footprintg

As the energy use duringaiphase contributes most to #aenualgreenhouse gas,

air pollution andenvironmental footprint of the real estate services, the ingprov
ment of the energy effiency of the buildings is a central field of actidrne indis-

try has agreat influence in this respeaspeially on the main contributor space
heating.Through better isolation less energy is needed. The remaining erergy d
mand should be covered by rarable energy sources (e.g. solar power, geothermal
energy, etc.)Frischknecht et al.2018, for example have shown that changes in
living habits can reduce the greenhouse gas footprint per person by up to almost
10%.

Also for the water footprint, these phase is the most important contribuittare it
is important to install household appliances that save as much water as possible.

Supply chain(32-77 % of footprintg
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Within the supply chainhe construction industry is the most important contributor

to the environment al footprint ofecthe ind
tion is a crucial area to kmddressedThis includes above all the energy conpum

tion and the associated emissions of this industry. Also the direct emissions of the
constuction services themselves are not negligible and are mostly due to the use of

fossil fuels.

Another important focal area are the disposal services. Release of nutrients-and ot
er pollutants to the environment have toflseher minimized. This is best a@ by
avoiding waste generation (durable materials, reuse, recycling). If wastes are gene
ated, thg have to be properly treated and the release of harmful substances has to be
minimized.

Also for the materials and products used in construction (especiatial products,
rubber and plasticsyood and wood productss well asnachineryand electricaln-
dustry), it is important to minimize their environmental footprifihis can be
achieved by implementing a sustainable supply chain management (consideiratio
ecological criteria in procurement, e.g. by including environmental issues ie-fram
work agreements or a supplier code, anchoring of environmental topics in regular
target discussions with suppliers or implementation of joint projects to identify sui
able solutions for improvements). Another possibility is the use of recycledimater
als whenever possible.

4.5.5.2 Monitoring parameters

1 Heating requirements per square metre of building area
Electricity needs per square metre of building area
Amount of fossil enggy used for heatingnd coolingof buildings
Amount of recycled materials used in the construatidistry
Amount of fossil fuels used in the constructindustry

Amountof correctly treaded disposal resmount of recycled disposal

= =4 4 4 -4 -

Share of buildings tilt considering ecological criteria (according to agreements
with producer, certification schemes, collaboration with producers etc.)

1 Proportion of totaknergy referencareaaccounted for by certified, ecologically
exemplary building areaTheareaof buildingsmeeting the Minergie standafds
is already surveyétl This indicatoris plannedbe further developeih the near
futureby accounting separatly féhe advanced sustainaibyt label SNBS.

28
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4.5.5.3 Instruments and guidelines
1 Sustainable Construction:
o Netzwerk nachhaltiges Bauen Schweiz: https://www.nnbs.ch/

0 https://www.kbob.admin.ch/kbob/de/home/publikationen/nachhaltiges
bauen.html

o0 http://www.brenet.ch/

1 Life cycle assessment data in the construdtidastry,

0 KBOB-list:
https://www.kbob.admin.ch/kbob/deime/publikationen/nachhaltiges
bauen/oekobilanzdaten baubereich.html

o Environmental product declarationgip://www.environdec.com/

1 Sustainabilitystandards anidbels for buildings:
o Standard nachhaltiges Bauen Schweiz (SNB®)v.snbs.ch

Breeam:http://www.breeam.com/

German Sustainable Building Council (DGNBJtp://www.dgnb.de/en/

LEED Green Building Ratig Systemhitips://new.usgbc.org/leed

Minergie-Eco: https://www.minergie.ch/de/zertifizieren/eco/

©O O O o o

Overview of existing labels:
http://www.ecolabelindex.com/ecolabels/?st=cateqory.buildihdsand-
karte Standards und Labels (sg&w.nnbs.chor info@nnbs.chfor or-

ders)
1 Energy labels for buildings:

o Overview of existing buding standards in  Switzerland:
https://www.energiestiftung.ch/energieeffiziepgbaeudestandards.html

o0 Minergie:https://www.minergie.ch/

o Passivhausiitp://www.passiv.de/

1 Swiss Competence Center for Energy Research on Future Energy Efficient
Buildings & Districts (SCCER FEEB&D)attp:/ivww.sccerfeebd.ch/

1 Information on energy efficiency and renewable enerdigss://www.energie
cluster.ch/
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4.6 Health and social work

4.6.1 Introduction

The industrydHuman healthveterinaryand social wor&® includes the following
activitiesaccording to the respective NOGA definition

1 activities of tospitak,

activities ofmedical and dental practge

other human health activities (midwifes, physiotherapists, chiropractic etc.)
veterinary activities,

= 4 —a -

soci al work activities with accommodat.
hoes and hostels, homes for the aged,etc.)

1 social work activities without accommodatioa.q. crehes and day nurseries,
day homes for the handicapped, charity care institutiodso#tmer social work
activities.

The Swiss healthveterinaryand social work industry (subsequently referred to as

healthand social workndusty) is large in terms of wrkforce. In 2015 thendustry

empl oyed 4926004 peopl e O%TInBhHe haalthanddhi c h a|
40% in the social work area. This corresponds t&@4laf the entire Swiss wky

force Apart from being one of the largest Swiss industries, the haatihsocial

work industry is growing well above averaganfloymentincreased betven 2011

and 2015 by 3.% per yeamon average, while the entire Swiss workforce grew by

1% per yea(seeTable4.14).

Table4.14: Employmentn the health and social worikdustry(Source: FS@ STATENT).
Employed persons Share intotal  Average annual Average annual
(in FTE) employment growth rate growth rate of
Swiss workforce
2011 425'992 11.1%
2015 492'004 12.3% 3.7% 1.0%

29 Code 85 according to NOGA 2002, Code@Baccording to NOGA 20081 NOGA 2008 veterinary
activities are excluded
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4.6.2 Economic impact

The total value added induced by the Swiss healthsocial workndustry amounts
to 608485 Mio. CHF®®. Figure4.38 shows how it is distributed across the different
supply chain stages. The largest share is generated hgadliband social workn-
dustry itself (56%). While thedirect supplier§(e.g. suppliers of pharmaceuticals
or medical technologyl6%) and thesupply chain stage§&emaining upstream
chain®(26 %) are also accountable for substantial value added sharesletence

of raw material extracting industries &) is almost neggjible.

W Industry itsel f

= Direct suppliers

TOTAL: 60'485

Mio. CHF © Remaining upstream

chains

" Raw materid extraction

Figure4.38: Tot al gross value added induced by rt he Swiss
entiated by supply chain stages (Source: Calculations Ritter Soceco)

In order to understand whereén geographical terms the value added induced by
the Swiss healtand social workndustry is generatedrigure4.39 shows the shares
of induced value added differgated by countries and supply chain stages.

The upper section of the figure displays the share of value added generated by the
industry itself (56%) as well as the shes generated within domestic (%) and

foreign (17%) supply chains. Slightly moréan half of the value added generated
within the supply chains is created in Switzerland while the rest is created abroad.

Within the Swiss supply chains, the shares of value added generated by diirect su
pliers and industries in the remaining upstreamrehare of similar size, whereas in

% These and the following economic data refer to the 3688.
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the foreign supply chains the share of the direct suppliers is substantially Ttveer.
share of value added in raw material extraction indussieginly induced abroad

Figure4.39: Tot al gross value added induced by rthe Swiss

entiated by supply chain stages and countries / regions (Source: Calculations Ritter
Soceco)

The lower part ofigure4.39 displays the share of foreign countries in the tothl va

ue added generated by the healtid social workndustry (lower scale)Germany

takes the largest share witb %, followed by the US and various Europeanrcou

tries with shares between @& and 2%. China and Japan are the only fnion
European countries among the top ten. Countries outside the top ten hold a share of
5% in total value addedn terms of supply chain stagestermediate suppliersb
tweenraw material extraction and direct suppliers dominate the foreign parts of the
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supply chain. Value added froraw material extractiors located outside Switre
land and for a large share also outside Europe.

4.6.3 Environmental imp acts

4.6.3.1 Overview

Table4.15 contains an overview of the total environmental footprints caused by the
Swiss healtland social workndustry. On the one hand tfaotprints are reported in
absolute terms, on the other hand as intensities in relation to gross output as well as
to gross value added of the industry itself. It should be noticed that the different
footprints cannot be compared amongst each other giegeare completely diffe

ent measures with different units.

Table4.15: Environment al footprints caused by the Swi s
(Source: Calculations Rutter Soceco & Treeze
Indicator In absolute Per M CHF Per M CHF
terms  gross output gross value
added
Greenhouse gas footprint kt CO, eq 8'290 0.16 0.24
Biodiversity footprint nano PDF*a 9'302 0.17 0.27
Water footprint Mm? 3229 0.06 0.10
Air pollution footprint t PMyeq 15'345 0.29 0.45
Eutrophication footprint tNeq 12'119 0.23 0.36
Environmental footprint G-eco Pt. 12'887 0.24 0.38
Gross output (industry itself) M CHF 53'414
Gross value added M CHF 33959
(industry itself)

Aiming to understand the supply chain stages in which the different environmental
impacts take placé&igure4.40 displays the sharef supply chain stages total im-
pactas well as the share of thrdustryin the global impactor eachfootprint apart

from the total environmental footprifand valueaddedgross production valuir
comparison reasons).

It has to be borne in mind that only the production of the medicaments usest in ho
pitals and other medical practices, but not the production of the medicaments used in
private households is included this industry. The impacts of the use of medic
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ments (e.g. release to the environment through waste water streams) are wet consi
ered.

Figure4.40: Environmental footpr i ntKumandeakhand sdrigl wdikh e Swi ss
by supply chain stageshare of the industry in global gross production value and global
environmental footprintas well as the reduction necessary to cgrapth the planetary
boundariegSource: Calculations Rutter Socen treezg

This figure shows that fothe biodiversity footprint (9%), the water footprint
(81%) and he eutrophication footprints (#&) most of the impact stem from raw
material extraction while the other stages are of substantially less signifi€amce.

the greenhouse gas footprint as well as for the air pollution footprint on the other
hand, the largest pollution shares are caused by industries between raw material
extraction and direct suppliers, termed remaining upstream chairk (®Sp.

61 %).

The only footprint for which also the industry itself causes a significant share of the
impact isthe greenhouse gas footprint @3. For all the other footprints the esni
sions of the Swiss heal#nd social workndustry itself are of negligible size.
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In terms of supply chain stages at which they take place an interesting insight arises
from the divergence between the environmental footprints and value added: while
the largest fraction of value added is created in the Swiss faalthocial workn-

dusty itself, this stage is almost of negligible size for most of the environmental
pollutions. On the other hand, most of the environmental pollutions take place in
early stages of the supply chain such as raw material extraction and remgiing u
stream chainsThe share of value added created in these stages by contrasgis of si
nificantly lower magnitude.

Most relevant for the health indusis/the eutrophicatiofootprint (seeFigure4.40;
share of the respectiveotprint in the global footprints compared to 8tere of the
gross production value of theealth industryin the gross production of the entire
global economy Details on the necessary reduction in oraecomply with the
planetary boundaries can be found in secli@

4.6.3.2 Focus on greenhouse gas emissions

The focus footprint chosen for the Swiss healtid social wrk industry is the
greenhouse gas footprint si nce this is the industryos
Table 3.2). As seen inFigure4.20 the global amount of greenhouse gas emissions

induced by the healtand social workndustryi n Swi t zer | andkt adds u,

CO; eq.

Figure 4.41 highlights which industries (aggregated over all countries) emit the
greenhouse gases which are caused by the Swiss hedltbocial workndustry.

The largest emitter is the indust®lectricity from fossifueld6 whi ch i s accou
for 14% of the global greenhouse gas emissions induced by the Swiss dr&hlth

social workindustryNe xt f ol | ow O mi ni%)andtemeahltreopdi ar r yi n
social workindustry itself (12%) with similar emission share®ther important

supply chain industries in terms of greenhouse gas emissiois@a®t t | e and mi
due to inrhouse catering services for patients in hospitals and elderly hometinhabi

ants, basic metals and roretallic minerals used for construction atties as well

as the chemical industrihat supplies pharmaceuticals to the Swiss heaith®-

cial work industry. Industries not mentioned in the top ten still have a sharé of a

most 30% of the greenhouse gas footprint.
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Figure4.41: Greenhouse gas footprint caused by the indu:
chain stage and supplying industries (Source: Calculations Ritter Soceco)

Figure 4.42 illustrates how the responsible companies are distributed across supply
chain stages and countries. The diagram show3##t of the footprint are du®
emissions in Switzerland (28 by the industnyjtself and 196 by Swiss supply
chain industries) while the remaining emissions take place abroad.

The country differentiation of greenhouse gas emissions reveals China, Germany
Russiaand the USo be the largest foreign polluters in the context ofghpply

chains of the Swiss heal#imd social workndustry. In comparison to the valuedad

ed distribution across countriesegFigure4.42) China andRussia are ranked much
higher when measuring in greenhouse gas emissions. This is due to the (in average)
higher greenhouse gas emission intensities in those countries when compared to
western countries such as Germany or the ld$he foreign countriemost of the
emissions stem from intermediate and raw material suppliers.
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Figure4.42: Greenhouse gas footprint caused by nthe Swiss
entiated by supply chain stage dasource countries (Source: Calculations Rutter
Soceco)

From a practical point of view it is useful to understand which direct intermediate

inputs purchased by the Swiss healtid social workndustry are responsible (at

what extent) for the total greenhouse gas emissions caused by the industry within

the supply chainsThis allows the companies to identify, which of their suppliers

they should access with which priority in order to optimise éhvironmental pe

formance of their supply chaiffthe analysis presented figure4.43 allocates the
greenhouse gas emissions caused by the Swiss hadl8ocialvork industry with-

in the supply chain to domestic and foreign direct suppli@sreasons of comgar

son the share dfealth and socialwork 6i ndustry itselfd) is al
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Figure4.43: Greenhousegas footprint caused by the direct suppliers of intermediate goods and se
vices for the Swiss industry o6Health and sc
Soceco)

The results show that many suppliers with small shares each are relevant and that

the healh and social workndustry is a capital intensive business. Some of the most
important direct suppliers are linked to investment expenditures of the laaalth

social workindustry, i.e. construction with a share o¥®8of the total greenhouse
gasfootprit and Omachinery and %.dladicgand mt 6 wi t h
cision equipment and chemicals supplying pharmaceuticals refer to medical suppl

ers. Meat and other food products account for almo$t 1 the greenhouse gas

footprint. Energy carriersp(blic heat, petroleum products and gas) are alss rel

vant. Other direct suppliers that are not in the top ten, are responsible for almost

40 % of the total footprint.
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4.6.3.3 Further environmental impacts

In the following the results for the other environmentapacts are briefly suman
rised. The respective figures can be found in the annex.

For the biodiversity, the water and the eutrophication footprint raw material supply
andparticularlyagriculture are predominant. However, foese footprints othemk
dustresare alsaesponsible for importantdctions of the respective fawints: e.g.
forestry for the biodiversity footprinthemicals and basic metals for the watertfoo
print and disposal activities for the eutrophication footprint.

The air pollution footgnt is mainly caused ithe basic metalsndustry, electricity
generation from fossil fuelsvater transport, but also in agriculture dod¢ood sy-
ply to persons employed in the global supply chains

The look to the country distribution of the footpgdanreveals that Switzerland is
ranked first in the biodiversity, the air pollution and the eutrophication footprint. In
addition to Switzerland important shares are caused by IndonesBraritifor the
biodiversity footprint, China and Germany for the pollution and the eutroprae

tion footprint. The water footprint takes place mostly in China, India, USA, Italy
and Spain, whereas Switzerland is rankechsaith a substantidy lower share than
those countries.

4.6.3.4 Environmental footprint according to the  ecological scarcity method

The total environmental footprint of the
to the method of ecological scarcitfrischkrecht & Busser Knopfel 20)}3is

1 2 ¢ dillion ecopoints. 70% of it are caused by imported goodsdure 4.44).

The industry itself generates onf% of its total footprint, with fossil CQ-

emissions being the main contributor. Anothéb Stem from domestic direct [su

pliers and20% are caused by the remaining suppliers in Switzerland.
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Figure4.44: Environmental fotprint in ecepoints caused by the industfiealth and social work
by supply chain stages and imports (Source: Calculations treeze)

The ten most important contributors explain just about half of thedntatonme-

tal footprint of the health industry. ®» of it i s causeduby the

t i oRmgdre4@5). These impacts mainly stem from the electricity from Swiss and

foreign nuclear power plants and imported electricity from coal power pla#iss

related to@Constructio® ( s e e4.5c3hTde rtexd important contributingdus-

try is the O0Disposal servicesbo, foll owed
6Cof fee, tea, coco aindusrigddaivershe modcondumedT he | a
in hospitalsand homes for the elderlyn total, the food consumed in hospitatsd

other health and social work facilitieauses30 % of the total environmental ftéo

print of thisindustry.
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Health & social work #

Electricity distribution

Construction
Disposal services

Meat products

Dairy products

Coffee, tea, cocoa, spices, etc.

Renting & other business services

Other food & tobacco products

Chocolate and confectionery

Wholesale & retail trade

Remaining supply chain 439|6

M Industry itself = Imports

B Domestic share of domestic intermediate inputs & Foreign share of domestic intermediate inputs

Figure4.45: Environmental footprint caused by the direct suppliers of intermediate goodsyand
vices for the Swiss industr§Health and social wotk Remaining supply chain = all
other direct supplieréSource: Calculations treeze)

4.6.3.5 Conclusion

The spply chainof t he O6Health and soci al wor ko it
the emissions ardistributed to a large number of supplying industries. the total

environmental footprint, the electricity used is the most important contributer, fo

| owed by O6constr uct iTher@mamingdof tiieden sgsbis a | ser
portantdirect supplies are almost all linked tthe food consumed in the health-

dustry, with meat, dairy products and coffee/cocoa being the foods with the highest
contribution

Due to the | ow greenhouse gas emi $$sions o
ty distribui ondé i s not among the ten most i mport
gasfootprint Her e, 6constructiondé is most i mpor
cision instrumentsao, Omachinery & equipm

products show up, namel 6 meat productsdé and O6other fo
supply is an important contributor to the greenhouse gas footprint of the imealth
dustry( 6public heaté, o6épetroleum productsod,

For both indicators, nearly one third of the ssmns occur in Switzerland and two
thirds abroad.
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The differences in the results of the greenhouse gas and the total environmental
footprint are mainly due to the additional environmental categories included in the
ecological scarcity methodEspecially 6od products are more relevant because of
their impacts in the areas ofater use and biodiversity logsurthermore the ca-
tribution of the disposal services and the electricity distribution is larger, as not only
greenhouse gas emissions are considered.

Not included in this study are the impacts of the releaseedficamentso the eni

ronment through waste water streams. For a few selected substances (e.g. for the
chemically very stable iodinated-béy contrast media), healthcare facilities are the
mainsourcesBundesrat 201)7 Measures to reduce micropollutants at source can be
found inthe eport of the Federal Council in fulfilment of the postulate 12.3090
Héche of 7 March 201@Bundesrat 201)7

4.6.4 Comparison with the planetary boundaries

Figure 4.46 shows the share of the environmental footprints of the Swiss industry
(Health and socialwockk i n t he respective gl obal envir
the relative reduction need®f the environmental impacts analyseétde Swiss

health and social workdustrycontributes most tthe eutrophicatiorfootprint The

second largest contributiaa to thegreenhouse gdsotprint, followed by the cao-

tribution to the air pollution footprint For the eutrophication footprinthe indis-

t r gh@ére inthe globalenvironmental irpactexceed its share inglobal gross po-

duction value.

W industry's target value B industry's relative footprint

| | |
Gross production value

Greenhouse gas footprint
Biodiversity loss footprint

Air pollution footprint

Eutrophication footprint

0 50 100 150 200 250
ppm

rn

Figure4.46: Share of avi ronment al footprints Heabbhuasdesbcialby t he
w o r ik @lobal environmental footprints and respective planetary bound&tsce:
Calculationdreez¢
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The biodiversity and the greenhouse gas footprint have the highest relative reduction
needsTaking into account the share of industry in the global impact and the relative
need for reduction, thgreenhouse gas footprintigdentified aspriority field of ac-

tion for the Swiss health and social work industrnythe second row is the biodive

sity footprint, followed by the air pollution and eutrophication footprints.

Table4.16 shows the water footprint of the industifealth and social wotk dif-
ferentiated after country and the share of renewable water supply used in tloe respe
tive country. Countries with a higlater stress and at the same time a watef co
sumption of more than Z& of the renewable water supply are IndiaJy and
Spain In China, where th8wisshealth industry also has a high water footprint, the
sustainably usable share of @0of the renewale water supplys almostreached.

The third most important country in terms of water footprint is the USA, wdiere
ready 16% of the renewable water supply are used. Also in Turkey and Mexico,
where smaller part of the water footprint of the Swiss heatlbstry occur, more
thanthree thirds of the sustainably usable amount of water are Tisese countries
should beaddressedpecifically when developing measures for reduchmg water
footprint of the health industry.

Table4.16: Water footprint of industryHealth and social woidkdifferentiated after country and
share of renewable water supply used in the respective countries

Share of renewable Water footprint i n- Share of total water
water supply used dustry Health and footprint of the indu s-

social workd[Mm?]  try Health and social

workd
China 20% 712 22%
India 37% 318 10%
United States 16% 234 %
Italy 24% 177 5%
Spain 29% 136 4%
Switzerland 5% 58 2%
Turkey 17% 44 1%
Greece 13% 33 1%
Australia 5% 22 1%
Mexico 17% 21 1%
Remaining countries 1475 46%
and unspecified regions
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4.6.5 Measures for reducing environmental impacts

4.6.5.1 Focal areas for measures

Effective measures to reduce the environmental impacts in the health industry
should tacklehe most important contributors over the whole supply chain. As for
the health and social work industry, most of the impacts occur in the upstream chain,
measures are focused on that area:

T

One of the biggest contributors to the greenhouse gas footprittteareedical
instrumentsThe use of reusable instrumeirtsteadof disposableonesshould
be systematically evalusd

Catering is another focal area. Recommended measures are promoting attractive
vegetarian menus, reducing the meat portions, reduciagesr avoiding flown

in products and preference for seasonal offers. Foodwaste can be avoided by
economically graduated portions or "modular" menus (allow for starters and
desserts to be booked individually).

A resourcesaving infrastructure and environmahprotection within the industry is
also important and can help to lower the impacts of the supply chain:

T

The environmental impacts of construction can be reduced by applyimg env
ronmental criteria on new buildings and refurbishments.

Increasing energgfficiency, purchase of energy efficient equipment (introduce
the energy consumption as a standard evaluation criterion in purchase decisions
for equipment) and the use of electricity and heat from renewable sources help
lower the environmental impacts thie energyndustry.

Avoidance of waste lowers not only the contribution from the disposal services,
but may at the same time lead to lower consumption and therefore may have an
effect on the whole supply chain.

4.6.5.2 Monitoring parameters

The development of thenvironmental impacts of the health industry could beimon
tored with the following indicators:

T
T
T
T

Purchase / waste quantity of one way medical instruments
Purchase quantity of meat / dairy products / coffee & cocoa
Amount of foodwaste

Electricity consumptin and amount of fossil fuels consumed

These indicators should be monitored both in absolute and relative termsoWe pr
pose to use number of patient days to establish the relative indicators.
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4.6.5.3 Instruments and guidelines

The following instruments help iimding and implementing appropriate measures to
reduce the environmental impacts in the health industry:

T

Okologiekommission de¥ZK Verbands Zurcher Krankenhaus@ihrough its
cooperation witiH+ Di e Spi t 2l er der Schw®i zo0,
sion isthe Swisswide contact for all ecological and waste disposal issuegt-affec

ing the health industry. The Commission's objective is to provide ecological a
vice to hospitals, clinics and care institutiongurther information:

Green+Check (Siemens Healthineers): Structured methodology that provides
health care facilities of all sizes with strategic support for sustainable gevelo
ment. Furtler information:

or

Green Hospitals: Environmental Impact Assessment, Resource Efficiency and
HandsOn Applications:
Funded by the Swiss National Science Foundation (SNSF) as part of the-Natio
al Research Programme "Sustainable Economy: Resource Effi@ed Hands

On Applications” (NRP 73), this project is investigating relevant hospital pr
cesses from an environmental point of view, the efficiency of hospitals from an
economic and ecological point of view, and how processes in hospitals can be
designedto conserve resources. Together with partner hospitals, conorete i
plementation proposals are worked out and tested. The project starteg-in Se
tember 2017 and will finish in August 2021. First publications are expected in
the year 201¥. Further informatn:

Minergie-P and MinergieA requirements for hospitals
Minergie-Eco show case hospital Solothurn

Single use medical devices: See e. g.

(

) or article at

Sustainability in procurement: Fact sheets and information on dipeydact
categories as.g.nutrition under

31 personal communication M. StuckiHAW, 12.2.2018
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https://www.hplus.ch/de/ueber-uns/fachkommissionen/
https://www.healthcare.siemens.ch/infrastructure-it/green-hospitals/do-the-green-check
https://www.healthcare.siemens.ch/infrastructure-it/green-hospitals/do-the-green-check
http://www.siemens.ch/spital
http://www.greenhospital.ch/
http://www.hplus.ch/de/dienstleistungen/branchenloesungen/oekologie/entsorgung/
http://www.hplus.ch/de/dienstleistungen/branchenloesungen/oekologie/entsorgung/
https://www.environmentalleader.com/2016/05/how-reprocessing-medical-devices-can-save-millions-while-diverting-waste/
https://www.environmentalleader.com/2016/05/how-reprocessing-medical-devices-can-save-millions-while-diverting-waste/
http://oeffentlichebeschaffung.kompass-nachhaltigkeit.ch/
http://oeffentlichebeschaffung.kompass-nachhaltigkeit.ch/
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1 Foodwaste in hospitals: ZHAWtudy at

or study of Williams et ak2011): Plate waste in hospitals and sgats for

change
T united against waste: case studines: hosp
ningen ( )

1 BULETTI M. 2004: Entsorgung von medschen AbfallenVollzug Umwelt.
undesamt fur Umwelt, Wald und Landschaft, Bern. 72 S.
(https:/lwww.bafu.admin.ch/bafu/de/home/themen/abfall/publikationen
studien/publikationen/entsorguvgn-medizinischerabfaellen.htnjl

4.7 Food trade

4.7.1 Introduction

The food trade industrys defined in this study as trade of food for househofd co
sumption. Starting point for the calculations are the household expenditures for
food, beverages and tobacco according to the Swiss IOT. The economic and env
ronmental footprintsnclude retail and wholesale trade of food and food production
and their respective supply chains.

As an industry, food tradacludes the following activities:

1 Wholesale of foodbeverages and tobagco

1 Retail saleof foodin nonspecialised storeg.g.supermarkets,

1 Retail sale of food anbeverages in specialised stoaesl on markets.

The Swiss food trade industeymp | oyed ar ound (FI)IARAP O per s
corresponding to 2.% of the entire Swiss workforc&ince 2011 employment has

decreasetly on average 0.% per year, while the entire Swiss workforce has grown

(cf. Table4.17).

%2 This figure includegmployment in nosspecialised stores that is related to4fimod products, since it
is not possible to separate employment for food andfoot products.
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4 Detailed results for selected industries 122

Table4.17: Employmentin the food tradeindustry(Source: FS@ STATENT)

Employed persons Share in total  Average annual Average annual
(in FTE) employment growth rate growth rate of

Swiss workforce

2011 100'750 2.6%

2015 99224 2.5% -0.4% 1.0%

4.7.2 Economic impact

The total value added induced by the Svigsd tradeindustry amounts t8 6 6 9 6 5

Mio. CHF®®. Figure 4.47 shows how it is distributed across the different supply

chain stagesThe industry itself generates 2@ of the induced value added, whereas

the fraction of value added imputabledioect sypliersindustries {9 %) aresmal-

er . The | argest share however, i'sSs gener af
upstream chainso, w h % offthe mdueed \mloecanldech Ba bl e f
considerably high share of 8 is due to theaw materialextracting industriegn

the supply chain.

Figure4.47 Tot al gross value added induced by the Swis:¢
supply chain stages (Source: Calculations Ritter Soceco)

% These and the following economic data refer to the 36@8.
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In orde to understand wherein geographical terms the value added induced by
the Swiss food trade industry is generatédure 4.48 shows the shares of induced
value aded differentiated by countries and supply chain stages.

The upper section of the figure displays the share of value added generated by the
industry itself (2®6) as well as the shares generated within domesti€oj3&nd
foreign (37%) supply chains. Mar than half of the value added generated within
the supply chains is created in Switzerland while the rest is created abroad.

Figure4.48: Tot al gross value added i nducddfetenttatgdbyy he Swi ss
supply chain stages and countries / regions (Source: Calculations Ritter Soceco)

Within the Swiss supply chains, the shares of value added generated by giirect su
pliers and industries in the remaining upstream chains are of similawsigeas in
the foreign supply chains the share of the direct suppliers is substantially lower. In
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addition, the share of value added induced in raw material extraction industries in
foreign supply chains is slightly larger than in Swiss supply chains.

Tuming the attention to the lower part Bigure 4.48 one can see that Germany

(7 % of the total valued added caused abroad) and the Ité&b) ée those foreign

counties in which the Swiss food trade industry induces the largest amounts of va

ue added fAcreationo. In terms of supply <c
portions of value added in raw material extraction industries are generated in Africa

and tre Middle East, the rest of America and Asia as well as in some of thee=urop

an countries such as Italy and Franc¢he rest of Europe.

4.7.3 Environmental impacts

4.7.3.1 Overview

Table4.18 contains an overview of the total environmental footprints caused by the
Swiss food trade industre.g. the total environmental impacts of food sold by retail
trade to households from cradle to retail trade company gate for each of grenfoot
indicators On the one hand the footprints are reported in absolute terms, oih-the ot

er hand as intensities in relation to gross output as well as to gross value added of
the industry itself. It should be noticed that the different footprints camnabn-

pared amongst each other since they are completely different measures with diffe

ent units.
Table4.18: Environment al footprints caugSoudce:lCglcdt he Swi ss
tions Rutter Sceco & Treezg
Indicator In absolute Per M CHF Per M CHF
terms  gross output gross value
added
Greenhouse gas footprint kt CO, eq 15'681 0.99 1.56
Biodiversity footprint nano PDF*a 76'519 4.83 7.60
Water footprint Mm? 25'587 1.62 2.54
Air pollution footprint t PMyeq 48'734 3.08 4.84
Eutrophication footprint tNeq 76'578 4.83 7.61
Environmental footprint G-eco Pt. 50'469 3.19 5.01
Gross output (industry itself) M CHF 15'842
Gross value added M CHF 10'066
(industry itself)
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Aiming to understand the supply chain stages in which the different environmental
impacts take placdsigure4.49 displays the sharef the supply chain stagés totd
impactas well as the share of the industry in the global imfmcall footprints

apart from the total environmental footpr{ahd value addédross production value

for comparison reasondj.thus shows how much of the total environmental impact
induced by the food trade industry stems from the industry itself, how much is
caused in the supply chain and how relevant each indicator for the Swiss food trade
industryis.

Figure4.49: Environmental footgrnt s caused by Ftolned Swsappdpdhaindustry
stagesshare of the industry in global gross production value and global environmental
footprintsas well as the reduction necessary to cgmpth the planetary boundaries
(Source: Calculations Riutter Socesad treeze
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This figure shows that raw materigfroductionis responsible for most of the

induced impact in the cases of the biodiversity footprint @)0the water footprint

(89%) and the eutrophication footprint 1%), while the other stages are of
substantially less significance. Raw material suppliers also have major shares in the
greenhouse gas and the air pollution footprint, but here the remaining upstream

chains are also important with shares oP2&nd 34%. The impact of food trade

itself and of its direct suppliers are negligible. It should be noted that direct suppliers
from agriculture are recorded iIin the <cat ¢
category O0direct supplierséo.

When comparing the digiution of environmental impacts to that of value added it
becomes obvious that the different supply chain stages have very differenhenviro
mental intensities. Raw material production is characterised by a low value added
share and high environmental fpaoht sharesThe opposite is characteristic for the
food trade industry and its direct suppliers (from the food industry).

The food trade industry has large environmental footprints, with the eutrophication
footprint beingmost relevant (seEigure 4.49; share of the respectifeotprints in

the global footprints compared to thleare of the gross production value of fined

trade industryn the gross production ahe entire global economyDetails on the
necessary reduction in order to comply with the planetary boundaries can be found
in sectiord.7.4

4.7.3.2 Focus on biodiversity loss footprint
The focus footprint chosen for the Swiss food trade industry is the biodiversity loss

footprint, since this is among the | fdablestryods
3.2). As seen inTable4.18 the global amount of biodiversity loss induced by the
food trade in Switzerland adds up to 7605

Figure 4.50 highlights which industries (aggregated over all countries) are directly
responsible for the biodiversity loss induced by Swiss food trade. The mest i
portant industry is cattle arghiry farming, with a share of 4% in the total biod
versity loss footprint. Growing of cereals, oil seeds and vegetables, fruits and nuts
follow with shares between P2 and 18%. All other industries are also from a&gr
culture with the exception of forestry that reflects the importance of packaging in
the supply chain. Other industries as well as supply chain stages apart front-agricu
ture are negligible.
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Figure4.50: Biodiversity |l oss footprint causedtagby the i1
and irdustry(Source: Calculations Ritter Soceco)

Figure4.51 illustrates how the responsible companies are distributed across supply
chain stages and countries. The diagsdraws that only 136 of the footprint are

due to land use in Switzerland (mostly also by agriculture as raw material supplier)
while the remainindand usdakes place abroad.

The country differentiation of biodiversity loss reveals that the togdentries are
responsible only for 4% of the total footprint. The remaining fraction is distributed
across many countries. This reflects the large number of countries supplying food to
Switzerland. Within the top tefBrazil has the largest share with #3of the total
footprint, Italy, Spain and Indonesia following with shares undér. 3he largem-

pact inBrazil and Latin America reflects the high land use for cattle farming in
these countries and the abeaeerage biodiversity loss attributed to lanse in

these regionsAs mentioned in Chapt&.3.5modelling with Exiobase generallga
sumes that the environmental intensity of exports equals the averagenererital
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intensity of the exporting industries. These results therefore may overestimate the
effective biodiversity loss if cattle farming in Latin America for export diverges
substantially from average cattle farming (e.g. if exported meat mainly stems fro
intensive cattle production).

A comparison with the value added distribution across countfegifure 4.48)
reveals strong shifts. Some countries with largeeva@ldded shares have low hiod
versity footprint shares (e.g. Germany, France). The opposite holds for Latim Amer
can countries, where the footprint slsaaee much larger than value added shares.
This demonstrates the large differences in environmengisities in the respective
countries.

Figure4.51: Biodiversity |l oss footprint caused by the Sw
supply chain stage and source countries (Source: Calculatiotes Béteco)

From a practical point of view it is useful to understand which direct intermediate
inputs purchased by Swiss food trade are responsible (to what extent) for the total
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biodiversity loss footprint caused by the industry within its supply chaihs.

gained information should help the Swiss food trade discovering their scope of a

tion when trying to reduce the biodiversity loss impacts they cause in the supply

chain. The analysis presented Figure 4.52 allocates the total biodiversity loss

footprint to its domestic and foreign direct suppliers. For reasons of comparison the
share of food trade (O60industry itself6) i

Figure4.52: Biodiversity loss footprint caused by the direct suppliers of intermediate goods and
services for the Swiss industry 6Food tradebd

Meat and dairy products are the direct suppliersaaaly most of the environmental
burden86% of the tot al f oot mreialsotimportanb v@th her f o
over 26% of the footprint, since these products also contain fractions of meat and

mi |l k product s. Ot her i mpiogof \egetables, rptp | i er s
and nuts6 and beverage manufacturing. Oth
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Compared to the results for other industries, domestic suppliers are more important,
especially for meat and dairy products and other food prodUinesshare of foreign
suppliers is especially large for O6veget a

4.7.3.3 Further environmental impacts

In the following the results for the other environmental impacts are briefly aumm
rised. The respective figures can berfdin the annex.

In terms of industries the water and the eutrophication footprint are completely do
inated by agriculture, whereas for the greenhouse gas and the air pollution footprint
other industies beside agriculture are responsible for notewortlayesh Thesent

clude in particular electricity generated from fossil fuels for both footprints as well
as mining and quarrying activiti€s.g. of fossil energy carriers or minerais)the

case of the greenhouse gas footprint and basic metals in thef thsaiv pollution
footprint.

The country distribution of the footprints exhibits two basic pattetims:largest
shares of the greenhouse gas, the air pollution as well as the eutrophication foo
prints are caused within Switzerland, followed by Chinarr@any and France. The
water footprint in contrast is caused mostly in Spain, Turkey, Italy, China and the
USA, whereas Switzerland is not ranked among the top ten regions. Countries ou
side the top ten still account for a large share of the water footpitintalmost

40 %.

4.7.3.4 Environmental footprint according to the ecological scarcity method

The total environmental footprint of ti&wiss bod tradendustryis 5 80 billion
ecopoints. Nearly three quarters of it is caused by imported gdeidsiré 4.53).
The remaining Swiss suppliers cause?22f the total environmental impacts, the
direct Swiss suppliers8% and the industry itself only 09.
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Figure4.53: Environmental footprint in ecpoints caused by théood tradéby supply chain stages

and imports (Source: Calculations treeze)

The environmental footprint of thBwiss food tradéndustry is determiad by the
impacts of the different food items traded (Ségure4.54). The ten most important

food categories explain of the total environmental impacts of thedustry
Orraded food& The food products with the highest share in the total environmental
footprint are the imports of coffee, tea, cocoa, spices etc. These products contribute
15% of the total environmental impacts. Within this group, the cultivatiaofiee

and cocoa is most important. Especially the emissions of heavy metals and pest
cides into the soil lead to a high environmental footprint of these food products.

The Swiss meat industry accounts foroasf the total environmental footprintna

other 9% stem from imported meat producthe Swiss meat industry is analysed

in detail in Subchaptet.2 Dairy products are responsible for %2of the total env
ronmental footprint of food trade. The emissions associated with animal husbandry
(ammonia, methane and nitrate) are most relevant foirttiisstry The remaining
environmental impacts are largely linked to the production of animal feed (above all
cereas).
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0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%

Traded foods

Coffee, tea, cocoa, spices, etc.
Meat products

Dairy products

Meat and meat preparations

Cereals and cereal preparations

Other food & tobacco products
Vegetables and fruits
Beverages

Chocolate and confectionery

Bakery and farinaceous products

Remaining supply chain

M Industry itself = Imports

B Domestic share of domestic intermediate inputs & Foreign share of domestic intermediate inputs

Figure4.54: Environmental footprint caused by the direct suppliers of intermediate goodsrand se
vi ces f or t Remairing supplly chain a al etber direct suppli@surce:
Calculations teeze)

The import of cereals and cereal preparations cf1%e of the total environmental

footprint of traded foods. The import of pasta is most relevant, followed bynthe i

port of wheat and rice. 060t he®woffhe@-d and t
vironmental footprint of traded foods. The import of vegetable cau%estthe b-

tal environmental footprint (with the highest contributions from prepared esr pr

served vegetables, followed by the import of citrus fruits),iny@orted beverages

(mainly wine)andtheb c hocol at e and conf &ceach,dner yo i r
| owed by the 6édbakery and f %ofithetmtalenrvnus pr od
ronment al i mpacts. For both the O®ther fo

| at e and cimwstryetcetcultivatian ofycdroa is the most importamt-co
tributor to their environmental footprints.

4.7.3.5 Conclusion

The environmental impacts of food trade are dominbiethe agricultural prodzs
tion. For the biodiversity and the total environmental joot, meat is the mosin-
portant food category (O6meat pr Bigutect sd an
4549 . This is foll owed byt @dwltéheand drouwt & ofdc

odiversity footprint and Oocoffee, t ea, cCo
footprint. The next idargpradactd fFurtheofsoddrot h i nd
egories important for bétbbaodocptodsesctasé
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For the biodiversity footprint, allFso 6veg
tryd and o6éother animalsd are amonm the te
pliers. For the total environmental footprint, the cereals areimpont ( 6 cer eal s
cereal preparati onsiggrqductd h a lkaesr ywed n d afsa rdicrhao
confectioneryo.

A largerproportion ofthe biodiversity loss takes place abroad tlodthe total enwv-
ronmental footprint: Only 13% of the impact of the former occurs in Switzerland,
but 26 % of the latter.

4.7.4 Comparison with the planetary boundaries

Figure 4.55 shows theshare of the environmental footprints of the Swiss industry
OFood traded in the respective global env
reduction need<Of the environmental impacts analysdte Swiss food trade indu

try contributes most tthe eutrophicatiorfootprint The second largest contribution

is to the biodiversity loss footprint, followed by the air pollution and the greenhouse

gas f oot pr i n tshares irhé gobalemvidonnsental ynpasts exceéd

share inglobalgross poduction valudor all indicators analysed

W industry's target value B industry's relative footprint

Gross production value
Greenhouse gas footprint
Biodiversity loss footprint .

Air pollution footprint

Eutrophication footprint

0 200 400 600 800 1000 1200 1400 1600
ppm

Figure4.55: Shareofevi ronment al footpri nt sFocau stregliabdbeyd t he S
environmental footprints and respective planetary bound#8esirce: Calculations
treeze

The biodiversity and the greenhouse gas footprint have the highest relative reduction
needsTaking into account the share of industry in the global impact and the relative
need for reduction, thieiodiversity loss footprint igdentified aspriority field of ac-

tion for the Swiss food trade industry, followed by the eutrophication footprint.
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Table4.19shows thevat er f oot print of diffetediated Bood t r a
ter country and the share of renewable water supply used in the respective country.

20% of the water footprintofth 60 Food traded i ndus®&ry occu

of the renewable water supply is already ugetbther 11% stems from the United

States, where more than three thirds of the sustainably usable amount are already

used. 86 each occur in Italy and Chinajhere the sustainably useable share of

20% is exceeded or almost reachééso India and South Africa contribute to the

water footprint of the OFood tr &@dadd i ndus
the renewable water supply is us&dthese counies, there is a need for actiosr

garding the water footprint of tte F 0 o d intustey.d e 6

Table4.19: Water footprint of industry F o o d differeatidted@fter country and share of nene
able water supplused in the respective countries

Country Share of renewable Water footprint i n- Share of total water

water supply used dustry6 Food footprint of the indu s-

[Mm?] ty 6 Food

Spain 29% 5133 20%
Turkey 17% 2743 11%
Italy 24% 1956 8%
China 20% 1921 8%
United States 16% 1688 7%
India 37% 1213 5%
Greece 13% 464 2%
South Africa 25% 277 1%
Portugal 11% 234 1%
Mexico 17% 168 1%
Remaining countries 9789 38%
and unspecified regions

4.7.5 Measures for reducing environmental impacts

4.7.5.1 Focal areas for measures

The environmental footprint of the industdyF o o d istdeterrdireed by thari-
pacts of food production. Therefore, the agricultural production is the focal area
which has to baddressed
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One possibility to reduce the impactsté agricultural production is the reduction

of food losses. This can e.g. be achieved by accepting and promoting fruitggand ve
etables without standard masses or with lower quality levels. Another possibility is
the inclusion of inferior vegetables ingmessing. An improved cooperation with
suppliers and producers can avoid losses due to excessive stocks. Also the reduction
of the variety of perishable fresh products on offer at closing time (e.g. bread) co
bined with awarenessising campaigns can reckifood losses.

Food waste in households could be reduced by optimising packaging, which extends
the storage life of food. This includes the verification of the-beftre dates and
possible adjustments together with information campaigns on the mednihg o

best before date. All products approaching the date of sale should be consequently
liquidated.

If food losses are unavoidable, they should be recycled asgbatty as possible
(e.g. as animal feed or in a biogas plant).

Another approach is to rede the environmental impacts of agricultural production
itself. Key areas according to the method of ecological scarcity are the emissions of
heavy metals into soil (mainly through application of fertilisers and pesticides as
well as atmospheric depositigrwater pollutants (mainly nitrate), greenhouse gas
emissions and air pollutants (ammonia, nitrogen oxides), then pesticide emissions as
well as the use of water resources and land use. The impacts of agriculture can either
be minimized by procuring prodts with an environmental label or through direct
cooperation with supplier®irect cooperation with suppliers has the advantage that
improvementcanalsobe achievedn the basi@assortmentwhich still accounts for

the majority of food products

A third approach is the promotion of food items with low environmental impacts,
e.g. alternative protein sources such as tofu or pulses or novel foods (e.g. insect
products).Preference should be given to short supply chains so that thereps an o
portunity to hfluence environmental standards in production.

4.7.5.2 Monitoring parameters
1 Amount of food loss per kg of sold product

T Share of food items sold withracommendeeénvironmental labét or produced
according to equivalent standards

1 Share of food items from knowrrquucers(share of known players in the gu
ply chain

% There are major differences in the ecological requirements of labels. An evaluation of the various labels
available in Switzerland can be found at www.labelinfo.ch.
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91 Share of producers who dispose of environmental indicators for their production

4.7.5.3 Instruments and guidelines
1 Reduction of food waste:
0 United against wastdttp://www.unitedagainstwaste.ch/

https://www.savdood.org/

Spezifische Beratungsleistungen: http://www.foodways.ch/

http://www.coop.ch/de/labels/uenigue.html

O O O O

National research program 6%itip://www.nfp69.ch/de/projekie/wie
werdennahrungsmittebmweltfreundlicher/projekt
nahrungsmittelverluste

1 Information about food lzels
0 http://labelinfo.ch/
1 Minimizing ecological impacts of agriculture:

0 Sustainable cocoa productioritps://www.kakaoplattform.ch/
0 Sustainable meat production: see cha$i2.5.3
o Sustainable milk production:

A http://www.nfp69.ch/de/projekte/wieerdernahrungsmittel
umweltfreundlicher/projekhachhaltigemilchproduktion

A https://lwww.swissmilk.ch/de/produzenten/medien/medienmitteilu
ngen/2018/gemeinsamstandarefuer-einenachhaltige
milchproduktion/

0 Sustainability assessment in agriculture:

A http://www.nfp69.ch/de/projekte/wieerdernahrungsmittel
umweltfreundlicher/projekbachhaltigeernaehrungswirtschaft

A https://www.hafl.bfh.ch/forschung
dienstleistungen/agrarwissenschaften/nachhaltiahmedt
oekosystemeachhaltigkeitsbeurteilung/rise.html

http://www.fibl.org/de/themen/nachhaltigkeitsbewertung. htipls://www.agroscop
e.admin.ch/agroscope/de/home/themen/umresi$ourcen/oekobilanzen.html

1 Measures for reducing greenhouse gas emissions from agriculture:
0 https://agrocleantech.ch/de/

0 http://www.emissiorimpossible.ch

9 Novel food sources
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0 https://www.essento.ch/

4.8 Trade with clothing, textiles and footwear

4.8.1 Introduction

0Trade with clfoaotiwmagtimedtinghiststudy asdradaabtti-

ing, textiles and footwedor household consumption. Starting point for the calcul
tions are the household expenditures for these products according to the Swiss 10T.
The economic and environmental fponts include retail and wholesale trade as
well as production otlothing, textiles and footweaand their respective supply
chains.

The industry 6Trade wi t Hfinsbdrtthe dlothinggtradet e x t i |
industry in the following)jncludes the following activies:

1 Wholesale of clothing and footwear

1 Retail sale of clothing in specialised stgres
1 Retail sale of footwear
1

Retail saleof clothing in norspecialised stores.

Table4.20: Number of employees ithe clothingtradeindustry Source: FSQ@ STATENT).
Employed persons Share in total  Average annual Average annual
(in FTE) employment growth rate growth rate of
Swiss workforce
2011 5161 1.3%
2015 47'578 1.2% -1.8% 1.0%

In 2015the Swissclothing trade industry employed | mo s t peb@ed(BTE)0
corresponihg to 12 % of the entire Swiss workforc&mployment has decreased
since 201YseeTable4.20).

4.8.2 Economic impact

The total value added induced by the Swisshingt r ade 1 ndust3835y amoun
Mio. CHF®®. Figure 4.56 shows how it is distributed across the different supply
chain stages. Thiadustry itself accounts for 2% of total value added. Directsu

% These and the followingconomic data refer to the ye2008.
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pliers, including on the one hand the domestic and foreign clothing manufacturers

and on the other hand other supm of the trade industry, generate%2of value

added. Thdargest share isreatedby intermediate suppliers between raw material

extraction and direct suppliers termédr e mai ni ng u mdherfiguem chai
(45 %). The fraction of value addegeneated byraw mateial extracting industries

is small with 4%.

® Industry itsel f

m Direct suppliers
TOTAL 9'335

Mio. CHF

= Remaining upstream
chains

 Raw materid extraction

Figure4.56: Tot al gross value addedilothhngduadddbydt heeBwhntsb
supply chain stages (Source: CalculatiBigter Soceco)

In order to understand wheren geographical terms the value added induced by
the Swissclothing trade industry is generateBigure 4.57 shows theshares ofn-
duced value added differentiated by countries and supply chain stages.

The upper section of the figure displays the share of value added generated by the
industry itself (® %) as well as the shares generated witttomestic (126) and

foreign (60 %) supply chainsin total slightly more than 4% of the value added is
created in Switzerland.

Within the Swiss supply chains, the shares of value added generated by diirect su
pliers and industries in the remaining upstream chains are of simzéamgiereas in

the foreign supply chains the share of the direct suppliers is substantially &tilver.
most of the direct suppliers of clothing trade are located outside Switzerland. Raw
material suppliers (especially cotton and wool suppliers, butnailseral oil extra-

tion as a raw material supplier for synthetic fibres) are completely situated outside
Switzerland and mostly outside Europe

Environmental hotspots in the supply chain of Swiss companies



4 Detailed results for selected ind ustries 139

Figure4.57: Total gross value added induced by the Swissd u clathmgt réade d6, di fferenti
supply chain stages and countries / regions (Source: Calculations Ritter Soceco)

The lower part ofigure4.57 displays tle share of foreign countries in the total-va

ue added generated by the clothing trade industry (lower scale). China takes the
largest share of value addell @6). Italy (8%) and Germany (%) also have g-
nificant shares followed by France, Turkey, theAJ)$dia and the UK. Countries
outside the top eight account for anothe®21in terms of supply chain stages;

rect suppliers are relevant in many foreign countries, but companies from remaining
upstream chains dominate in most countries. Raw matati@cdon is mainly ¢-

cated in China and the rest of the world regions
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4.8.3 Environmental impacts

4.8.3.1 Modelling adjustments for the clothing trade industry

We extended the data in Exiobase for the modelling of the clothing trade industry,

since cotton farming doe®t seem to be implemented correctly with regard to the

water footprint. Cotton can be used both for oil production (from cotton seeds) and

for textile production (from cotton lint). In the water consumption dataxadbase

cotton production seemstobeo|l el 'y all ocated to tche prod
cording to the Exiobase documentation. Therefore water consumption of catton pr

duction does not appear in the supply chain of textile manufacturing. We therefore
calculated blue water consumption oftoot lint production by country from Fa-

STAT data on cotton production and data from the water footprint network on water
consumption. We included the resulting data into Exiobase and allocated the values

to the product group roazulatiomt based fibreso

The first calculation results showed that
fibresd contributes strongly to the water
the Chinese 10 table of Exiobase the textiles, clothing and leathestry have g-

nificant inputs from agriculture and food industry (e.g. cereals, vegetables, meat,

sugar etc.). This pattern does not appear for other important 4esddecing coo-

tries. It is unclear whether these inputs relate to feeding of peesgoisyed in the

industry, to growing of animals supplying leather or wool or whether they ate rela

ed to statistical artefacts stemming from IOT disaggregation in the construction of
Exiobase. The same patterns appear for some Rest of the World regib@aseth

partly modelled with input structures from the Chinese I0T. We therefore decided

to exclude these inputs from the Chinese and the RoW region I0Ts. Inclusion of

these inputs would increase the footprints of Swiss clothing trade by between 17%

for greenhouse gas emissions and 142% for eutrophication.

4.8.3.2 Overview

Table4.21 contains an overview of theariousenvironmental footprints caused by

the Swis clothing trade industryOn the one hand the footprints are reportecbin a
solute terms, on the other hand as intensities in relation to gross output as well as to
gross value added of the industry itself. It should be noticed that the differént foo
prints cannot be compared amongst each other since they are completely different
measures with different units.
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Table4.21: Environmental footpr i nt dothingtu saedde 6b y( Stohueg cRwi SCs
lations Riitter Soceco & Treeze

Indicator In absolute Per M CHF Per M CHF

terms  gross output gross value
added

Greenhouse gas footprint kt CO eq 4'890 1.26 1.79

Biodiversity footprint nano PDF*a 4'441 1.14 1.63

Water footprint Mm? 5'829 1.50 2.14

Air pollution footprint tPMyeq 11'582 2.98 4.24

Eutrophication footprint tNeq 3'492 0.90 1.28

Environmental footprint G-eco Pt. 3'932 1.01 1.44

Gross output (industry itself) M CHF 3'883

Gross value added M CHF 2'730

(industry itself)

Figure4.58 displays the share of supply chain stages in total imgmetell as the
share of the industry in the global imp&at each footprint apart from the enfir-
mental footprint (and value addgdoss production valuir comparison reasons).

It thus shows how much of the total environmental impact induced by clothing trade
stems from the industry itseliow much is caused in the supply chand how ré

evant @ch indicator for the Swiss clothing trade indusdry

The figure shows that the share of the clothing trade industry in its environmental
footprint is negligible for alfootprint indicators. The relevance of its direct suppl

ers is low compared to theshare in value added. They account ietween 3%

and 7% of therespectivdootprints (apart from the biodiversity footprintY he ma-

jor shares of footprints occur in the remaining upstream chains and raw material e
traction. The remaining upstream cha{esy. energy generatioor production of
plastic fibre$ are mainly responsible for greenhouse gas emissions and ai emi
sions. Raw material extraction causes large shares of the biodiversity footprint
(100%), the water (84%) andthe eutrophicatiofootprint (76 %).

The clothing trade industilyas large air pollution and greenhouse gas footprints (see
Figure4.58; share of theaspectivdootprint in the global footprints compared to the
share of the gross production value of thathing trade industryn the gross -
duction of the entire global econojnipetails on the necessary reduction in order to
comply with the planetarigoundaries can be found in sect#8.4
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Figure4.58: Environmental footprintGl ataluisrbgsupplyehdithée Swi ss
stagesshare of the industry in global gross production value and global environmental
footprintsas well as the reduction necessary to cgmpth the planetary boundaries
(Source: Calculations Rutter Soceartd treezge

4.8.3.3 Focus on water footprint

The focus footprint chosen for the Swiss clothing trade industry is the water foo
printtsi nce this is the i ndusTableg.d).sThehwiatgrhe st r

footprintequas a value 06B29M m* AWARE water consumption.
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Figure4.59: Water footprint Clathhgedadego tihhy s umppdug-rghadi n s
try (SourceCalculations Ritter Soceco)

Figure4.59 highlights which industries (aggregated over all countries) are raspons

ble for the water consumption along the clothing trades supply chain. As suspected

raw material suppliers from agricuite account for a major share particular the

i ndustry fAother agricultural cw)B.p-0, whi c
er agricultural subsectors are related to feed stuffs used for animals supplying wool

and plardbased raw materials used imetchemical industry and other industries.

They might also be linked to nutrition of persons employed in the supply dfeEn.

% This implies that other textile fibresich asiscose, modal or polyamidendpolyesterare less prio-
lematic in terms of water scarcityowever, this only applies to the effects on the availability &f w
ter.No staement can be made about the effects on water quality.
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most important industries outside agriculture are the wearing apparel industry and
the chemical industry. Basic metals productmm electricity generation from fossil
fuels also play a small role. Industries outside the top ten are responsible for less

than5 % of the water footprint.

The high importance of cotton productisnalso due to the selected indicajwater
footprint), where cotton growing is of particular importance

Figure4.60: Water footprint cau€lethingtbrya d ehé, Sdnifsfse ri enrdtuisattrey
chain stage and source countries (Source: CalcutaRditter Soceco)

Figure 4.60 illustrates how the responsible companies are distributed across supply
chain stages and countries. The diagram shibatsdomestic water use is negligible.
Chinaand Indiahave dominant shaiein the water footprint witl27 % and 23% re-
spectively followed by Turkey with 9 % andthe USAwith 8 %. Other countries

with significantly smaller shares includtaly, Australia Spain GreeceandMexico.
Countries outside the top 9 have a shar25df. While direct suppliers and renmai
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ing upstream chains are visible in the main source countries for Swiss clathing i
ports (especially China and Italy), raw material suppliers dataiin the other
countries. The main producers of textile fibres are China, India, the US and Turkey.

From a practical point of view it is useful to understand which direct inputs pu
chased by the Swiss clothing trade are responsible (to what exteit)téaal water
footprint. This allows the companies to identify, which of their suppliers they should
access with which priority in order to optimise the environmental performance of
their supply chainThe analysis presented iRigure 4.61 allocates the water f®o

print caused by the Swiss clail tradeindustry within the supply chain to dosie

tic and foreign direct supplierd.hus each direct supphgnindustry is presented
with its own water footprint, including all water use along its own supply chain. The
water use of the industry itself is shown for comparison reasons

Figure4.61: Water footprint caused by the direct suppliers of intermediate goods and services for the
Swissclothing traddndustry (Source: Calculations Ritter Soceco)
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Not surprisingly,almost83% of the water footprint is caused by wearing apparel
supplieré’, while leather product suppliers are responsible 8@ and textiles
producers(as direct suppliers to the Swiss clothing trade industny¥ %. These
results confirm the intuition that clothing trade companies can fully focus on-man
facturers of textiles,lothing and leather products as direct suppliers to optimise the
environmental performance of their supply chain.

4.8.3.4 Further environmental impacts

In the following the results for the other environmental impacts are briefly aumm
rised. The respective figurean be found in the annex.

For the biodiversity and the eutrophication footprint raw material supply amd esp
cially agriculture are predominant. With regard to the country distribution, European
countries are more prominent among the top ten countriehéoeutrophication
footprint as compared to the water footprint, even though their shares are small. The
biodiversity footprint is spread among many countries. For the greenhouse gas foo
print and the air emission footprint, the responsible industriemanaly electricity
generation from fossil fuels and other energy use, mining and quarrying of energy
carriers and minerals and water transport (regarding air emissidres)chemical
industry, in which plastic fibres as another important raw materiallébhing are
produced, and clothing productiorsalenter the top ten industrié&/ith regard to

the responsible countries of the supply chain, China dominates, followed by India,
while the rest is distributed to many countries with much smaller emissao@ssh

4.8.3.5 Environmental footprint according to the ecological scarcity method

The total environmental footprint of ti&wiss clothing trade industiys 3 d-93 2 b
lion ecepoints. Nearly all of it is caused by imported goods (Sgere4.62). The

Swiss direct and indirect suppliers together cause ®#byof the total environnre

tal footprint, the industry itself 0.%.

37 Without use phas&Vater consumption for washing can account for more than htieefater can-
sumgion over the entire life cycleBgton et al. 2014 In this study, the water and energy use for
washing machines is considered in the use phase of household devices (sed &apter
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TOTAL: 3'932 Mia. UBP

10 eco-points
]
o
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Imports Remaining suppliers Direct suppliers CH Industry itself
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Figure4.62: Environmental footprint in ecpoints caused by th8wiss clothing trade industiyy

supply chain stages and imports (Source: Calculations treeze)

More than 70 of the environmental impacts of tBsviss clothing trade ingtry
are caused by the imports of articles of apparel and clothing accessoriEg(see
4.63). The import of footwear accounts f@1% of the total environmentainpacts
The ten most importardontributorstogether are responsible for more thart/85f
the total environmental impacts of the traded clothes, textiles and footwear.

Most of the environmental footprint of importetbthingis due to the import of ¢o

ton products. About half of it can be attributed to the cultivation of cotton. The other
half is generated during processing. About a third ofeth@ronmentafootprint is

due to the use of coal power in China.

The environmental footprint of footwear is eluo the manufacturing of shoes.
About 60% of the impact stems from the electricity used for production, abdut 40
comes from the tanned leather used. The chromium salts used for chrome tanning
account for about 3% of the environmental footprint of lgeer, another 286 each

stem from the rearing of the animals used as leather suppliers and process energy
generation.
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0% 10% 20% 30% 40% 50% 60% 70% 80%

Traded clothes |1

Clothing and accessories
Footwear
Textile yarns
Manufactures of metals
Electricity distribution |
Road transport E
Renting & other business services |
Construction |
Water transport |
Publishing and printing products |
Remaining supply chain |INNEGEE

M Industry itself Imports

B Domestic share of domestic intermediate inputs = Foreign share of domestic intermediate inputs

Figure4.63: Environmental footprint caused by the direct suppliers of intermediatesgaudl se

vices for theSwiss clothing trade industryiRemaining supply chain = all other direct
suppliers(Source: Calculations treeze)

4.8.3.6 Conclusion

The environmental impacts tife Swiss clothing trade industarecompletelydom-

inated by imported clothesAbout 70% of the water and the total environmental
footprints are due to the import of wearing apparel. For both indicators, the second
most important contribution stems from the import of footwear, which amounts to
more than 206 of the water footprintrad 7% of the total environmental footprint.
Contributions of Swiss direct suppliers or contributors outside the textile industry
are negligible.

As a consequence, practically the entire watet total environmentdbotprints of
the tradewith clothes ae generatedbroad

4.8.4 Comparison with the planetary boundaries

Figure 4.64 shows the share of the environmental footprints of the Swiss clothing
trade industry in theesspective global environmental footprints as well as thee rel
tive reduction needf the environmental impacts analyséig clothing traden-
dustry contributes most tohe air pollution and the greenhouse gas footprints. For

those two indicators, butals f or t he eutrophi cadgharesn f oot
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in the globalenvironmental impacts exceéd share inglobal gross production \a
ue.

W industry's target value B industry's relative footprint

| |
Gross production value

Greenhouse gas footprint

Biodiversity loss footprint

Air pollution footprint

Eutrophication footprint

0 20 40 60 80 100 120
ppm

Figure4.64: Share of avironmental footprints caused by tlewi s s i QGladhing tradéyin 6
global environmental footprints and respective planetary bound@@msce: Calcua-
tionstreez¢

The biodiversity and the greenhouse gas footprint have the highest relative reduction
needsTaking into account the shaoéindustry in the global impact and the relative

need for reductiorf, or t he Swi ss 6 Cthegtednhonsg gafeat-ade 6 i n
print is identified aspriority field of action, followed by the air pollution and bied

versity loss footprints.

Table4.22 shows the water footprint of ti&wiss clothing trade industrdifferent-

ated after countryand the share of renewable water supply used in the respectiv
country. China and India account faver 50 % of the water footprint irSwiss
clothing trade, with China making the largest contributibn.this country, the
amount of sustainably usable water is almost reached, whereas in India it - excee
ed by 174. Another 9% and 8% of the water footprint of the Swiss clothing trade
industry occur in Turkey and the United States, where more than three quarters of
the sustainable share are used. In total, ové 50 the water consumption of the
Swiss clothing trde industry takes place ientries witha higher water consum

tion than sustainably usablare countries like Turkey and the United states, where
over three quarters of the sustainably usable share is used, included, &veaf 70
the water footprint ofhe Swiss clothing trade industry takes places in countries with
a critical water availabilityln these countries, there is a need for action regarding
the water footprint ofhe Swiss clothing trade industry
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Table4.22: Water footprint ofthe Swiss clothing trade industrglifferentiated after country and
share of renewable water supply used in the respective countries

Country Share of renewable Water footprint Share of total water
water supply used Swiss clothing trade footprint of the Swiss

industryd[Mm?®  clothing trade industry

China 20% 1585 27%
India 37% 1360 23%
Turkey 17% 500 9%
United States 16% 472 8%
Italy 24% 149 3%
Australia 5% 139 2%
Spain 29% 78 1%
Greece 13% 52 1%
Remaining countries 1475 25%
and unspecified regions

4.8.5 Measures for reducing environmental impacts

4.8.5.1 Focal areas for measures

The most important starting point for reducing the environmental impastsded
clothes, textiles andbbtwear is the production of cott@noducts. On one hand, the
environmental impacts of cotton cultivation have to be reduced, on the other hand
the impacts of the energy supply during production has to be tackled. Therefore, a
sustainable supply chain management is necessary. Specifigieabtequirements

must be taken into account in purchasing criteria and specifications, e.g. l inclu
ing environmental issues in framework agreements or a supplier code. Environme
tal topics can be anchored in regular target discussions with suppligiatguro-

jects can be implemented to identify suitable solutions for improvements. Another
possibility is the replageent of critical raw materialthrough the use ahore sis-
tainablefibres (e.g.mechanically recycled polyester and nylon, organic flag an
hemp, and recycled cotton and wodor the best possible use of recycled fibres,
fibre recovery without loss of quality should already be a central component of the
design of a garment.

An important point is the increase in the service life of clotAdsigh-quality man-
ufacturing, the use of robust materials and a timeless design (keyword: slew fas
ion) can contribute to thisAt the same the, consumers must be addresSdtey
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can decisively foster the establishment of sustainably produced textdegltheo-
logical purchasing and usage behaviduris means, for example, targeted comm
nication activities so that consumers regain awareness of how much wor&-and r
sources are involved in the prodioo of a piece of clothingThe aim is that ao-
sumers will value the quality of garmentagainand the willingness to pay for @c
logical benefits is increase@he advantages of alternatives to cotton must also be
communicated to suppliers and customé&@. enhancing the life span of clothing,
largerintervals between thdifferent collectionscould be supportiveas welland
would furthermoregive more room for innovation and development.

4.8.5.2 Monitoring parameters

1 Sales and share of salescoftonclothes made from sustainably produced cotton
(i.e. withorganic and Fairtrade labels)

Proportion of recyclefibresin purchasing voluméyarns, fabrics, clothes)
Amount of fossil energy carriers usidthe supply chaiper CHF revenue
Share of known players in the supply chain

= =4 4

Purchasing volume and share appliers reporting on their environmentai-i
pacts(e.g.environmental audits, sustainability assessments etc.

4.8.5.3 Instruments and guidelines

M Initiatives
0 Swiss sustainable textiles initiative
o Amfori BEPI and BSCI pldorm:

https://www.amfori.org/content/amfebepi
o Get changed! The fair fashion network: https://getchanged.net/
o Organic cotton community platform: www.organiccotton.org
{1 Standards
o Allfibres
A OEKO-TEX: https://www.oeketex.com

1 STEP (Sustainable Textile Praction) over the whole
supply chain

1 Standard 100
o Natural fibres

Environmental hotspots in the supply chain of Swiss companies
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A Global Organic Textile Standard (GOTS): https://www.glebal
standard.org/de

A Internationaler Verband der Naturtextilwirtschaft (IVbBrtified
BEST:
https://naturtextil.de/qualitaetszeichen/diaatszeichenbest/

o Cotton
A Organic cottor{cultivatior): bioRe: https://www.biore.ch/
A Better cotton initiative (BCI): www.bettercotton.org

A Cotton made in Africa (CmiA):
http://www.cottonmadeinafrica.org/en/

A Fairtrade cotton: https://www.fairtrade.net/protiicotton. html
0 Synthetic fibres

A Bluesign system (Input Stream Management):
https://www.bluesign.com

0 Recycled fibres:

A GRS (Global Recycled Standard) and RCS 100 (Recycled Claim
Standard) https://textileexchange.org/integrity/

A Cradle to Cradle Certified: fps://www.c2ccertified.org/
1 Sustainability assessments and rankings:
o Offibres

A Material snapshots and summaries:
https://textileexchange.org/matersmtapshotandsummaries/

A MADE-BY Benchmark for fibres: http://www.maewy.org/wp

con
tent/uploads/2014/0BEnchmark_environmental _condensed_ 240
118.pdf

A Higg Materials Sustainability Index:

https://msi.higg.org/page/mbkiome
o Of the cultivation of natural fibres
A https:/lwww.fibl.org/de/themen/smart/methode.html
o Of companies in the textile sector:

A Sustainable cotton ranking (WWF):
wwf/Publikationen
PDF/Report_Sustainable_Cotton_Ranking_2017.pdf
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o Concerning water: Water risk filter WWEF:
http://waterriskfilter.panda.org/; Wex risk report:
https://d2hawiimOtjbd8.cloudfront.net/downloads/wwf_guideline_cleane
r_production_textile_2018.pdf

4.9 Trade with household devices

Trade with household devices is defined in this study as trade of household devices
for household consumptionte®ting point for the calculations are the househald e
penditures for these products according to the Swiss IOT. The economic &and env
ronmental footprints include retail and wholesale trade as well as production of
household devices and their respectivepby chains.

The industry 6Tr ad ethusincludes the dollosviaghaotivittes d e vi c e
with regard to household devices

Wholesale of electrical household appliances

Wholesale of computers, computer peripheral equipment

Wholesale of electronicna telecommunications equipment and parts

Retail sale of information and communication equipment in specialised,stores

= =4 4 4

Retail sale of electrical household appliances in specialised,stores
1 Retail sale via mail order houses or via Internet

Wholesaletrade may include international trade activities that are not related to
household consumpticend wholesale and retail trade may include sales to @omp
nies®. N2015 the i ndustpegple éFrFcbrespendingati®%h 0 0 0
of the entire Swiss workfce.Employment has declined since 2011 ($able4.23.

|t is not possible teeparate trade for households and for companies in the industry statistics.
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Table4.23; Employmentin trade with household devicéSour@: FSOi STATENT).

Employed persons Share in total  Average annual Average annual
(in FTE) employment growth rate growth rate of

Swiss workforce

2011 51

O
Ny

1.3%

2015 48

(4%)

o

1.2% -1.5% 1.0%

4.9.1 Economic impact

The total value added induced by the Swvirssle withhousehold devicemdustry

amounts tB 6 4Ni® CHF®. Figure 4.65 shows how it is distributed across the

different supply chain stagethe industry itself generates 2 of the induced Ja

ue addedWhile thedirect supplier§23 %) and the supply chaingtee s 6r emai ni n
upst r eamM8%)lara acooanfabld for substantial value added shares, ¢he fra

tion of value added imputable to raw material extracting indust?iés) (s almost

negligible.

Figure4.65: Tot al gross value added induced by the Swiss
differentiated by supply chain stages (Source: Calculations Ritter Soceco)

% These and the following economic data refer to the 36@8.
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In order to understand wheren geographical terms the value added induced by
the Swissrade with household devices industry is generdteglre4.66 shows the
shares of induced value added differentiated by countries and supply chain stages.

The uppersection of the figure displays the share of value added generated by the
industry itself (2®6) as well as the shares generated withbmestic (226) and
foreign (51%) supply chains. More than half of the value added generated within
the supply chains isreated abroad while the rest is created in Switzerland.

Within the Swiss supply chains, the shares of value added generated by direct su
pliers and industries in the remaining upstream chains are of similar size, whereas in
the foreign supply chains trehare of the direct suppliers is substantially lower. It
also catches the eye that the share of value added induced in raw material extraction
industries in foreign supply chains is considerably larger than in Swiss supply
chains.
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Figure4.66: Tot al gross value added induced by the Swiss
differentiated by supply chain stages and countries / regions (Source: Calculations R

ter Soceco)

Turning the attention to the lower part Bigure 4.66 one can see that Germany

(14 % of the total valued added caused abroad) and the It&ty &te those foreign

countries in which the Swiss health industry induces the largest amounts of value
added ficreationo. In terms of supply chai
tions of value added in raw material extraction industries are generated in Africa and

the middle east, the rest of America, Asia and Europe as well as in China, whereas
there is almost no value added created in raw material extracting industries amongst

the European countries.
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4.9.2 Environmental impacts

49.2.1 Overview

Table 4.24 contains an overview of the total environmental footprints caused by
household devicesade in Switzerland. On the one hand the footprints are reported
in absolute terms, on the othemhaas intensities in relation to gross output as well
as to gross value added of the industry itself. It should be noticed that the different
footprints cannot be compared amongst each other since they are completely diffe
ent measures with different units

Table4.24: Environmental footprints caused by the Swiss
(Source: Calculations Rutter Soceco & Tréeze
Indicator In absolute Of which Of which Per M Per M
terms inthe use inproduc- CHF gross CHF gross
phase tion output  value adl-
(only pro- ed (only
duction) produc-
tion)
Greenhouse kt CO, 369 162 2066 0.77 1.19
gas footprint eq
Biodiversity nano 163 14 163 0.40 0.61
footprint PDF*a
Water foot- Mm? 163 608 768 0.22 0.34
print
Air pollution t PMyg 863 169 6063 1.81 2.81
footprint eq
Eutrophication tN eq 164 120 163 0.38 0.59
footprint
Environmental G-eco 569 2064 365 1.01 1.56
footprint Pt.
Gross output M CHF 3'493
(industry itself)
Gross value M CHF 2'257
added
(industry itself)

Aiming to understand the supply chain stages in which the different environmental
impacts take placé&igure4.67 displays the sharef supply chain stages total im-
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pactas well as the share of the industry in the global imfuacall footprintsapart

from the total environmental footpritand valueaddedgross production valutor
comparison reasonsjyhe figure also includes the environmental impacts from the
use phase of the household devices (mainly electricity and water use for household
appliances).

Share of supply chain stage in total impact Relevance of indicator
and target values

Gross value added 48% 23% 27% 8'452 Mio. CHF
Greenhouse gas 1%
footpint D e @ o @ soosiecozen [N
0% 1%
Biodiversity loss 98% % o 1'398 nano
footprint PDF*a
3% 0%
Water 1'376 Mm3 |
footprint
4%
Air pollution @ P I 8319t PM10
footprint eq _
—_— 4% 2%
Eutrophication 0%
footprint 64% @ @ f . 1'447 t N eq -
0 50 100
R Remaini ppm
aw emaining Direct Industry

material  upstream Use phase

. ) suppliers itself
extraction chains

M Industry's target value

W industry's relative footprint

Figure4.67: Environment al footprint$radeswdtbyhobheelsoli ¢ s
by supply chain stageshare of the industry in global gross production value and global
environmental footprintas well as the reduction necessarydamply with the planetary
boundariegSource: Calculations Ritter Socetd treezp

The use phase plays a significant role for several footprints. It accounts @081

the greenhouse gas footprint, ¥4of the water footprint and 24 of the air polli-

tion footprint. Its share is much smaller for the biodiversity loss footpridtthe a-
trophication footprintThe influence of Swiss household device trade itself isi-negl
gible for all footprints. It is small for the direct suppliers of equipment tresie-

cially including the manufacturers of the household devices, who have footprint
shares between% and 5%. Regarding the greenhouse gas and the air pollution
footprint, the remaining upstream suppliers account for the major shares With 52
and 62% respectively. Their shares are still significant for the water and uhe e
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trophication footprint (186 and 24% respectively). As is most other cases the raw
material suppliers are responsible for most of the biodiversity and the eutrophication
footprint (98% and 64% respectively). They account for 36 of the water fob

print.

The comparison of these results with the distribution of value added alongpthe su
ply chain shows the specific environmental intensities of supply chain stages. The
share of householdevice trade itself and its direct suppliers $pis significantly

larger than its footprint shares. The value added share of the remaining upstream
chains is comparable to the greenhouse gas and the air pollution footprint shares, but
larger than theiother footprint shares. The share of raw material suppliers in the
environmental footprints is generally larger than their value added share. Thus the
environmental intensity of raw material suppliers is the highest among the supply
chain stages, followeldy the remaining upstream chains, and lowest for the trade
industry and its direct suppliers.

The trade with household devices has large greenhouse gas and air polluton foo
prints (seeFigure 4.67, share of the respectivieotprints in the global footprints
compared to thehare of the gross production value of titaele with householded
vicesin the gross production of the entire global econpiidgtails on the nessary
reduction in order to comply with the planetary boundaries can be found in section
4.9.3

4.9.2.2 Focus on air pollution footprint

The focus footprint chosen for ti8wiss household device trade industry is the air
pollution footprint. As seen iffable 4.24 the global amount o&ir emissions n-
ducedby thisindustrya d d s u ®tRMgeq8 6 3 1

Figure 4.68 highlights which industries of the supply chain (aggregated over all
countries) emit the air pollutants. The largest emitter is the basic metals industry

with 28% of the total footprint fob wed by &éel ectricity from
accountable for another 20. Water transport, mining and quarrying and petroleum
products are the next important industries. Overall basic industries, raw material e
traction and energy generation domindue results. The relevance of cattle and milk
production is mainly due to food supply to the persons employed in the supply chain
companiesAir pollution in the use phase is mainly due to electricity consumption.

The figure shows which product groups adnite to the air pollution footprint.
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Figure4.68: Air pollution footprint caused by the indust
chain stage and supplying industries (Source: Calculations FHatteico)

Figure 4.69 illustrates how the responsible companies are distributed across supply
chain stages and countriaed again includes the use phase that occussvitze-

land The diagram shows thadpart from the use phasmly 2% of the footprint

are due to emissions in Switzerland, while the remaining emissions take place
abroad.
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Figure4.69: Air pollutonf oot print caused by the Swiss industry
differentiated by supply chain stage and source countries (Source: Calculations Rutter
Soceco)

The country differentiation adir emissions reveals China, Germany, Russia and the
US tobe the largest foreign polluters in the context of the supply chains of Swiss
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household device trade with the share of Clasan important exporter of hads

hold devicesbeing especially large. In comparison to the value added distribution
across countri (cf. Figure4.66) China and Russia are ranked much higher when
measuring in air emissions. This is due to the (in average) higher air emission inte
sities in thosecountries when compared to western countries such as Germany or
the US.Non-specified countries account for approximately98®f the total fot

print.

From a practical point of view it is useful to understand which direct intermediate
inputs purchased byé Swiss household device trade industry are responsible (to
what extent) for the totahir emissions caused by the industry within the supply
chains. The gained information should help the household device trade indsstry di
covering their scope of actiomhen trying to reduce tha&r emissions they cause in
the supply chain. The analysis presenteigure 4.70 allocates the air emissions
caused by household devicade within the supply chain to domestic and foreign
direct suppliersFor reasons of comparison the slsané household devicérade

( 6i ndus tad pf the tise Ehdsé adigo included.

The emissions are mainly caused by the household device mamefacsituated in

the machinery, communication equipment, office machinery, precision and-electr
cal equipment industries. These are direct suppliers to the household device trade.
Since household devices are mainly imported from foreign countries suGle-a

many, Italy or China, the respective suppliers are mainly located outside 1Switze
land.
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Figure4.70: Air pollution footprint allocated tothe direct suppliers of intermediate goods and se
vicesfort he Swi ss industry 0T, thaiddastryitsaf andth@ usehol d
use phasé€Source: Calculations Rutter Soceco)
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4.9.2.3 Further environmental impacts

In the following the results for the other environmental impacts are briefly aumm
rised. The respeige figures can be found in the annex.

The greenhouse gas footprint is caused mainly by the following industries: Electric
ty from fossil fuels, basic metals, mining agdarryingand water transport. For the
biodiversity and the eutrophication footprimtwr material supply and especiallg-a
riculture are as usual predominant. However, for both footprints there are also other
industries which are responsible for important fractions: forestry for the biodiversity
footprint and disposal activities for the eaghication footprint.

With regard to the country distribution, the greenhouse gas and the eutrophication
footprint caused abroad are attributed to China, several European countries and the
US. The footprints caused within Switzerland are substantiahégteenhouse gas

and the eutrophication footprint.

4.9.2.4 Environmental footprint according to the ecological scarcity method

The total environmental footprint lof the
lion ecopoints. Nearly all of it is caused by imped goods Figure 4.71). The

Swiss direct and indirect suppliers together cause 88l%o of the total enviro-

mental footprint, the industry itself on0y9 %.
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Figure4.71: Environmental footprint in eepoints caused by th@ rade with household devidiisy
supply chain stages and imports including the use phase of the household devices
(Source: Calculations tregze

The environmental footprint during the use phase of the household devices amounts
t o 206444 -phntslpériyeam Thie 5980 of the annually caused enviro
mental footprint through the trade with household devices. The increased erergy e
ficiency of household appliances, the relatively short lifetime of IT equipment, the
still increasing market of appliances as well as the relatively clean electricity mix
are reasons why the environmental impacts of the supply chain are higher than those
of the usephase.

The ten largest contributors together explain more tha¥h 06 the environmental

footprint of traded household devices ($8gure 4.72). The four largestontribu-

tions come from the import of O0Telecommui
ment 6, OEl ectrical machinery, apparatus a
processing machinesdé and o6General nni ndustr

tribute 18 %, 13%, 12% and 76, respectively, to the environmental footprint.

Most of their footprint is caused by the raw material production (metals) and-the e

ergy use in manufacturing. The tww most i
chinery & dugtny (dgsenieed in detail imSubchaptef) and dt he 0 Me

i cal and preci si(macudirgquatchegs mrel optical produatgghs t r y

each 6% of the enironmental footprintAlso for those industries, most of the env

ronmental impacts occur abroad and is due to metal production and energy use. The

i mports of Ospecialized machinerydéd and 6
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