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Summary

The present article aims to determine the current carbon footprint (CF) of Zernez, a Swiss
mountain village, and to identify reduction potentials of greenhouse gas (GHG) emissions.
For this purpose, material and energy flows were assessed mainly based on detailed house-
hold surveys, interviews, and energy bills, but also by means of other information sources, for
example, national statistics, traffic censuses, and literature values. To set up the GHG balance,
special attention was paid to the consistent definition of system boundaries by adopting
two fundamentally different perspectives: purely geographical accounting (PGA) and the
consumption-based footprint (CBF) method. Each of these two perspectives total approx-
imately 10 tonnes of carbon dioxide equivalents per capita per year. The PGA revealed
that 70% of the direct emissions in Zernez are caused by agricultural activities, whereas
no consumption area dominated the consumption-induced CF. For the identification of
targeted measures, both perspectives were considered in a complementary manner. The
building stock and its underlying energy supply system showed a GHG reduction potential
of 80%. The building sector was thus detected as a reasonable first step for the municipality
to adopt GHG mitigation strategies. In the case of Zernez, building-stock-related measures
are predicted to decrease the current CF by 13% (CBF) and 17% (PGA), respectively.
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Introduction

Urban and rural settlements constitute the heart of human
activities and are thus central sources of anthropogenic
greenhouse gas (GHG) releases. Local initiatives to reduce
GHG emissions from human settlements are essential to abate
climate change (UN-HABITAT 2011). In view of the impor-
tant role that GHG accounting plays in the planning process
of mitigation measures, a large body of carbon footprint (CF)
studies on different scales has evolved, among them Kennedy
and colleagues (2009, 2010, 2014), Frischknecht and colleagues
(2014), Minx and colleagues (2013), Goldstein and colleagues
(2013), Jungbluth and colleagues (2011), Larsen and Hertwich
(2010), Hertwich and Peters (2009), Hillman and Ramaswami
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(2010), and Ramaswami and colleagues (2008). Most of these
studies concentrate on nations or cities. Given that around half
of the global population currently lives in urban areas, with
this share rapidly increasing in the future (UN 2012), many
researchers (e.g., Kennedy et al. 2009, 2010, 2014; Goldstein
et al. 2013; Baynes et al. 2011) emphasize that a focus on cities
is crucial. Whereas the present and future importance of urban
settlements is unquestionable, it should not be overlooked
that a large part of the world’s population continues to live
in the countryside. This is also true for both developing and
industrialized nations. For instance, according to the “Degree of
Urbanization (DEGURBA)” definition of the European Union
(Eurostat 2016), approximately 65% of all Swiss municipalities
are classified as “thinly populated” and are home to around 25%
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of the Swiss population (BFS 2014a, 2014b). However, CF
studies and local GHG mitigation initiatives in rural contexts
are, to the best of our knowledge, less common (Minx et al.
2013).

All of the above-mentioned CF studies had to deal with
an important question: how to set the system boundaries to
adequately account for GHG emissions. This is an ongoing
debate and different frameworks have emerged. Lin and
colleagues (2015), Chavez and Ramaswami (2013), Baynes
and Wiedmann (2012), and Ramaswami and colleagues (2011,
2012) provide comprehensive overviews of state-of-the-art
carbon balancing approaches. According to these studies,
there are basically two fundamentally different accounting
perspectives (some aforementioned articles distinguish more):
the consumption-oriented CF and the production-based
approach. The first corresponds to a life cycle perspective and
focuses on global GHG releases induced by the consumption
behavior of the inhabitants living within the study area. In
contrast, emissions related to activities and processes taking
place within the study boundaries are the center of focus in
production-based accounting schemes. The narrowest scope
of a production-based accounting method accords with a
territorial approach and concentrates solely on direct emissions
within the geographical boundaries of the study area. This
balancing scheme is often encountered in national-scale
footprints and conforms to the so-called Scope 1 perspective of
the World Resources Institute/World Business Council for Sus-
tainable Development (WRI/WBCSD) (2004). Some studies
(Ramaswami et al. 2008; Kennedy et al. 2009, 2010, 2014; Hill-
man and Ramaswami 2010; Lin et al. 2015) broaden this terri-
torial inventory viewpoint to a “geographic-plus” (Ramaswami
et al. 2011; Baynes and Wiedmann 2012) or “trans-boundary
community-wide infrastructure” footprint (Chavez and Ra-
maswami 2013; Lin et al. 2015) by including Scope 2 (indirect
emissions from electricity production) and Scope 3 emissions
(indirect emissions from other key flows into the study area)
(WRI/WBCSD 2004). By concentrating on key infrastructure,
this approach is especially useful for urban planners and facility
managers.

The choice of a GHG accounting scheme depends on
the question one seeks to answer. However, it is important
to be consistent within the chosen approach. As stated by
several researchers (Ramaswami et al. 2011, 2012; Baynes
et al. 2011; Baynes and Wiedmann 2012; Lin et al. 2015),
consumption-based and production-based accounting meth-
ods are complementary to each other. The consumption
perspective supports the identification of measures without
problem shifting by pursuing a life cycle perspective. Moreover,
it facilitates the derivation of policies aimed at influencing
consumption behavior (Baynes and Wiedmann 2012). By
quantifying direct emissions within the geographical system
boundaries, a purely territorial inventory pinpoints areas of
action for local authorities because it takes into account the
local conditions. Both accounting frameworks hence provide
important insights for local policy making from different
viewpoints.

The Swiss mountain village of Zernez initiated the research
project Zernez Energia 2020 to identify ways to reduce its GHG
emissions using both a consumption-based footprint and a
purely geographical accounting. The assessment of the munic-
ipality’s CF is an important first step in the project and is pre-
sented in this article. The analysis of the current CF allows for
identifying the most relevant actors and sectors regarding GHG
emissions as well as for discussing GHG reduction potentials.
It also serves as a planning basis for the municipality of Zernez
with the aim of developing a concrete action plan to implement
GHG mitigation measures. This study can provide a baseline for
similar studies in other municipalities and fills a knowledge gap
by delivering insights into the CF of a village in an industrial-
ized country. Additionally, there are advantages in focusing on
a small village. Whereas many large-scale studies struggle with
data scarcity, the limited size of Zernez allows, for example, for
data collection through detailed surveys of all households and
buildings in the village. Surveys with 100% coverage, as in the
present study, are extremely rare. Therefore, the present study
provides also a unique occasion for an in-depth analysis of a
rural community.

The goal of the present article is twofold: It aims to assess the
CF of Zernez as well as to discuss its GHG reduction potentials.
Moreover, it intends to provide an insight into a rural area’s CF
based on a unique data set.

Methodology

System Boundaries

The municipality of Zernez, which was home to 1,140
inhabitants (BFS 2014c) in the year 2010, is situated in the
Swiss Alps at an average altitude of 1,471 meters with an area
of 203.85 square kilometers (see the Supporting Information
available on the Journal’s website for a map) (swisstopo 2014).
Hosting large parts of the Swiss National Park, Zernez belongs
to the largest municipalities in Switzerland in terms of land
area.

The geographical system boundaries focused on the settle-
ment area of the village’s core with 1,003 residents. Addition-
ally, all agricultural and forest areas within the municipal bor-
ders and managed by these persons or by the municipality were
included in the analysis. Hamlets and remote single houses lo-
cated within the municipality’s borders as well as the Swiss
National Park were excluded from consideration.

In view of the specific benefits of the two GHG account-
ing schemes, the CF of Zernez was assessed simultaneously by
a production-based territorial inventory (only Scope 1/direct
emissions) and from a consumption-based perspective (life cy-
cle emissions from final consumption). Following the definitions
given by Lin and colleagues (2015), these applied account-
ing methods will be called henceforth “purely geographical ac-
counting” (PGA) and “consumption-based footprint” (CBF),
respectively.

Computations and analyses of the present article refer,
whenever possible, to the year 2010.

Froemelt et al., The Carbon Footprint of a Rural Municipality 93



R E S E A R C H A N D A N A LYS I S

Food Consumption

Mobility

Drinking Water System & 
Wastewater Treatment & 

Waste Management

Public Services,
Education & Health Care

Consumables

Services: Leisure Activities 
& Communications

Agriculture & Forestry

Local Trade & Industry

Residential Energy

Local emissions 
from local demand

(induced by local 
demand)

Local emissions 
from export

(induced by 
demand outside 

Zernez)

Imported / 
embodied
emissions

(induced by local 
demand) Consumption-

based 
footprint 

(CBF)

Purely 
geographical
accounting 

(PGA)

Emission ClassesCategories

Figure 1 Schematic overview of the allocation of GHG emissions from different categories to emission classes (“imported emissions,”
“local emissions from local demand,” and “local emissions from export”). The figure also shows how emission classes add up to CBF and
PGA. GHG = greenhouse gas.

Overview of the Applied Greenhouse Gas Accounting
Approach

In a preparatory step, all processes, activities, materials, and
energy flows that are relevant for the municipality’s CF were
identified. This systematic identification process was conducted
in close collaboration with the municipality and built upon
similar studies (Jungbluth et al. 2011, 2012; BFS 2014d). All
processes and flows were then classified into nine categories (left
part of figure 1).

In order to set up the GHG balance according to CBF and
PGA, a three-tiered approach was applied. First, the magnitude
of all flows belonging to the above-mentioned nine categories
was quantified. For example, in the category residential energy,
this includes the amounts of electricity and fuels needed to
provide buildings with heat. Second, the GHG emissions of
these quantified entities were estimated based on life cycle
inventory (LCI) databases, such as ecoinvent (ecoinvent
Center 2013). Thereby, the CF of an activity is assessed on
the basis of the global warming potentials published by the
Intergovernmental Panel on Climate Change (IPCC) (2007)
for a time horizon of 100 years.

In the third step, the GHG emissions of each of the mod-
eled activities were classified into the following three emission
classes (figure 1, center): emissions outside Zernez caused by
the consumer demand of the inhabitants (“imported/embodied
emissions”); emissions released within the geographical system
boundaries that occur on account of the consumption behavior

of the people in Zernez (“local emissions from local demand”);
and emissions released within the geographical system bound-
aries, but induced by the demand of consumers outside Zernez
(“exported emissions”).

The use of background data from LCI databases results
in life cycle GHG emissions for the modeled processes. For
the aforementioned classification into emission classes, which
is schematically illustrated in figure 1, this assessment of
life cycle GHG emissions had thus to be split into local
emissions and emissions occurring upstream in the supply
chain. Thereby, the latter is allocated to the embodied
emissions given that these emissions occur outside the vil-
lage. However, imported/embodied emissions do not include
re-exported embodied emissions because these GHG are
not induced by the inhabitants of Zernez. An overview of
the most important assumptions with regard to this clas-
sification can be found in the Supporting Information on
the Web.

The distinction into three emission classes allowed for
appropriately summing up to CBF and PGA, respectively
(figure 1, right).

All of these three steps (quantification of flows, assessment
of GHG emissions, and allocation of emissions to emission
classes) are explained in more detail in the subsequent section.
Note that, in this article, “imports” and “exports” do not refer
to a national level, but describe goods entering and leaving the
municipal boundaries.
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Quantification and Modeling of Activities

A bottom-up approach was followed in the data collection
for the quantification of material and energy flows. Within the
scope of the project, surveys and interviews were conducted
and energy bills and municipal statistics were gathered. A large
part of the collected data was compiled into a building database
containing comprehensive information about energy consump-
tion as well as specific data for all buildings in the municipality
(Wagner et al. 2015a). This database is unique in terms of full
coverage of buildings and represents one of the most impor-
tant data sources for the present study. The combination of this
database with energy bills and a census of enterprises (see the
Supporting Information on the Web) provided data on final
energy demand of all households and enterprises in the vil-
lage. The building database scheme as well as further details on
other bottom-up data used for the present study (e.g., operation
information of district heating network, waste statistics, and
information from the forestry administration) are described in
Wagner and colleagues (2015a) and in the Supporting Informa-
tion on the Web. In addition to these data, further interviews
were conducted to gain detailed information on the operation of
specific facilities in the municipality (e.g., a biogas plant). The
whole data set was finally amended by statistics of federal and
cantonal offices, federal surveys, traffic censuses, and literature
values.

After quantifying the energy and material flows within the
municipality, GHG emissions were assessed by adding suitable
background data from process-based LCI databases (e.g., ecoin-
vent Center 2013).

Table 1 provides a brief overview of the used data sources.
Further, a detailed list of all modeled activities and data sources
used for the estimation of GHG emissions as well as the most
important assumptions for the subdivision of emissions into
emission classes are documented in the Supporting Information
on the Web.

In addition, an independent alternative approach was fol-
lowed by applying Saner and colleagues’ (2013) model to Zernez
in order to assess the consumption-related CF in the areas of
residential energy and mobility (see the Supporting Informa-
tion on the Web). This model is able to determine housing and
land-based mobility demand of individual households. Because
it is mainly based on national databases and simulation results of
MATSim (Multi-Agent Transport Simulation) (Balmer et al.
2006; Meister et al. 2010), no extra data acquisition is needed
beforehand. MATSim, which is the basis for the mobility sub-
model, was calibrated and validated for Switzerland (Balmer
et al. 2006; Meister et al. 2010), whereas the housing submodel
was evaluated by Froemelt and Hellweg (2016).

Food Consumption
All liquid and solid food has to be “imported” from outside

the municipality given that no industrial food processing takes
place in Zernez. Because sales data of the two largest local re-
tailers could not be accessed, food consumption was estimated
by means of the Swiss Household Budget Survey (HBS) (BFS

2012). Among other things, the HBS provides detailed insight
into the quantities of more than 100 different food categories
bought by an average Swiss household. This also includes farm
gate sales and food produced in gardens. These two food pro-
duction processes were allocated to “imported/embodied emis-
sions” instead of “local emissions from local demand” because
they were assumed to play a minor role and detailed data were
lacking. Food consumed in restaurants was estimated by com-
bining the HBS with a survey of the Association for Hotels and
Restaurants in Switzerland (GastroSuisse 2012) and the menu
cards of local restaurants.

Preparation of food at home or in the restaurants is not
accounted for in this category, but covered by the categories
residential energy and services: leisure activities and communications
(see corresponding sections below).

The life cycle GHG emission factors for food consumption
were retrieved from Saner and colleagues (2016), who consol-
idated different databases and studies (e.g., ecoinvent Center
2013; Thrane 2006; Büsser and Jungbluth 2009; Stoessel et al.
2012). However, these factors include neither transport to the
shops nor electricity and space heating demand of the shops.
These processes were additionally modeled by electricity bills
of the local retailers and by transport distances from the food
distribution centers of the respective company to the shop in
Zernez.

Residential Energy
In the scope of the research project Zernez Energia 2020,

a survey was conducted in order to collect data on the quan-
tities of energy carriers used, including fuel oil, wood chips,
firewood, district heating, and electricity. Besides interviews
with all households, the municipality provided detailed elec-
tricity and district heating energy bills for all households and
enterprises. In addition to final energy consumption data, the
municipality and the inhabitants supplied also detailed infor-
mation on installed heating systems and on different building
characteristics. This enabled the setup of a unique database
with full coverage of all buildings (Wagner et al. 2015a). More
information on this building database as well as on data from
electricity bills and the district heating network is presented in
the Supporting Information on the Web.

The municipality draws its electricity from two main sources:
a power company that delivers certified electricity from a run-
of-river power plant through the national grid and a reservoir
power plant located partly in the municipality. The latter is
therefore regarded as locally produced energy. Local electricity
is also produced by photovoltaic (PV) systems and a biogas
plant; however, this power is exported to the national grid and,
consequently, only considered in the PGA. Using a combined
heat and power plant, the biogas plant operating on agricultural
waste produces heat in addition to electricity. Detailed plant
operation information was provided by the owner (Grass 2014).

Data on wood chip supplies for the local district heating net-
work were provided by the operators, the municipality, and the
forestry administration (see section on Agriculture and Forestry
below as well as the Supporting Information on the Web).
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Table 1 Overview of the data sources used for the quantity and GHG assessment in the different categories

Quantity assessment
Category Data source Scale of data

GHG assessment
(background data)

Food consumption HBS (BFS 2012) Nationala Saner and colleagues (2016)
GastroSuisse (2012) Nationala ecoinvent Center (2013)
Electricity Bills (Wagner et al. 2015a) Zernez

Residential energy Building Database (Wagner et al. 2015a) Zernez ecoinvent Center (2013)
Electricity Bills (Wagner et al. 2015a) Zernez
OI DHN (Wagner et al. 2015a) Zernez
Forestry Administration (Wagner et al. 2015a) Zernez
OI for Biogas Plant (Grass 2014) Zernez

Mobility Mobility and Transport Microcensus (ARE et al.
2012)

Cantonalb ecoinvent Center (2013)

Local Age Structure (AWT 2010) Cantonalc

Automatic Traffic Counters (TBA 2011; ASTRA
2014)

Zernez

Timetables of PT (PostAuto 2014; SBB 2014) Zernez
Drinking water and
wastewater system and waste
management

Building Database (Wagner et al. 2015a) Zernez ecoinvent Center (2013)
Electricity Bills (Wagner et al. 2015a) Zernez
OI WWTP (Filli 2014) Zernez

Public services and health
care

Building Database (Wagner et al. 2015a) Zernez ecoinvent Center (2013)
Electricity Bills (Wagner et al. 2015a) Zernez Jungbluth and colleagues (2011)
OI DHN (Wagner et al. 2015a) Zernez
Census of Enterprises (see the Supporting

Information on the Web)
Zernez

Jungbluth and colleagues (2011) Nationald

Consumables Jungbluth and colleagues (2011) Nationald Jungbluth and colleagues (2011)
Services: Leisure activities
and communications

Building Database (Wagner et al. 2015a) Zernez ecoinvent Center (2013)
Electricity Bills (Wagner et al. 2015a) Zernez König and colleagues (2014)
OI DHN (Wagner et al. 2015a) Zernez Jungbluth and colleagues (2011)
Mobility and Transport Microcensus (ARE et al.

2012)
Cantonalb

Survey of Travels of Swiss Residents (BFS 2011) Nationala

Local Age Structure (AWT 2010) Cantonalc

OI Swiss Post (Saner 2014) Zernez
Census of Enterprises (see the Supporting

Information on the Web)
Zernez

Jungbluth and colleagues (2011) Nationald

Agriculture and forestry Census of Enterprises (see the Supporting
Information on the Web)

Zernez ecoinvent Center (2013)

Farm Structure Survey (BFS 2014a) Nationalc Nielsen and colleagues (2003)
Forestry Administration (Wagner et al. 2015a) Zernez

Local trade and industry Building Database (Wagner et al. 2015a) Zernez ecoinvent Center (2013)
Census of Enterprises (see the Supporting

Information on the Web)
Zernez Jungbluth and colleagues (2011)

Electricity Bills (Wagner et al. 2015a) Zernez
OI DHN (Wagner et al. 2015a) Zernez
OI Gravel Quarry (SOSA GERA SA 2014) Zernez
OI Swiss Post (Saner 2014) Zernez
Jungbluth and colleagues (2011) Nationald

aAdjusted for Zernez (e.g., by taking local age structure into account; see text for more information).
bAdjusted to represent the canton’s rural areas and adjusted for Zernez by taking into account the local age structure.
cSpecifically retrieved for Zernez from a national or cantonal database.
dScaled down to Zernez on a per-capita basis.
HBS = Swiss Household Budget Survey; OI = operation information; DHN = district heating network; PT = public transportation; WWTP = wastewater
treatment plant.
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Imported firewood was calculated as the difference between
used amounts of log wood and the amount of firewood sold by
the forestry administration (Wagner et al. 2015a).

In order to model the energy supply for residential buildings
in detail, suitable ecoinvent processes were chosen and adjusted
(ecoinvent Center 2013). The building database, as well as the
information above, was also used to model building-energy–
related parts of the categories public services, education, and health
care, services: leisure activities and communications, and local trade
and industry (see sections below).

Mobility
The Mobility and Transport Microcensus of the canton of

Grisons provides comprehensive insight into the mobility be-
havior of the canton’s population (ARE et al. 2012). Because
the municipality of Zernez is located in a rural area of Grisons,
the canton’s only region with an urban character (the city of
Chur) was separated and removed from the results of the Mi-
crocensus. Details on chosen traffic modes, distances driven, as
well as purpose and character of trips were deduced for different
age cohorts representing the canton’s rural population. To set
up the carbon balance for the CBF, these results were applied
to Zernez by taking into account the local age structure (AWT
2010).

A totally different approach had to be chosen for the PGA.
In this view, the mobility demands of the inhabitants are not
of interest, but instead the traffic volume within the munic-
ipality’s borders. For this purpose, automatic traffic counters
(operated by the cantonal administration) were analyzed (TBA
2011; ASTRA 2014). Public transportation within the munici-
pality was assessed by means of timetables and route information
(PostAuto 2014; SBB 2014).

For the allocation of GHG to emission classes according to
figure 1, both approaches needed to be combined. The informa-
tion provided by the Microcensus includes data on distances, du-
ration, traffic mode, as well as purpose and number of trips. This
allowed for estimations of trips within the municipal geograph-
ical boundaries and therefore to assess “local emissions from
local demand.” These emissions were then subtracted from the
above-described total mobility CBF and total mobility PGA,
leaving the remainder as the “imported/embodied emissions”
and the “local emissions from export,” respectively.

Drinking Water System, Wastewater Treatment, and
Waste Management
The municipality’s drinking water system is composed of

two spring water catchments, one groundwater pumping station
and one reservoir to which the water has to be pumped. No
further treatment steps are needed. Together with the electricity
demand of the pumps in 2010, the drinking water system could
be modeled with ecoinvent activities (ecoinvent Center 2013).

In order to represent the wastewater treatment plant
(WWTP), ecoinvent activities (ecoinvent Center 2013) were
adjusted and remodeled according to interviews with operators
and operating data (Wagner et al. 2015a; Filli 2014). Biogas pro-
duced in an anaerobic digester was used to satisfy parts of the

WWTP’s heating demand. Usually, excess biogas is converted
into electricity and exported to the national grid. However, in
the year 2010, the WWTP heating demand exceeded biogas
production and was supplemented by burning fuel oil.

Detailed data were available to represent the waste man-
agement system (see the Supporting Information on the Web)
(Wagner et al. 2015a). Municipal solid waste (MSW), card-
board, paper, and waste glass are separated by the citizens and
then collected regularly by a garbage truck. After trans-shipping
to a freight train, MSW is transported to an MSW incinerator,
whereas cardboard, paper, and waste glass are conveyed to re-
cycling processes. Background data were taken from ecoinvent
(ecoinvent Center 2013).

Public Services, Education, and Health Care
Public services subsume all services from governmental in-

stitutions, excluding waterworks, wastewater system, and waste
management (already covered by the section above). Local
emissions stemming from the operation of public buildings could
be assessed based on the building database (cf. section on Res-
idential Energy) and a census of enterprises (cf. the Supporting
Information on the Web). However, many of the emissions
from the public sector, for example, those caused by the oper-
ation of federal offices or by the national defense, have to be
allocated to all Swiss inhabitants. Therefore, Swiss average val-
ues were applied from Jungbluth and colleagues (2011) to cover
remaining emissions of this category, all of which were assumed
to take place outside the village. Swiss average values were also
used for emissions from education and health care (Jungbluth
et al. 2011).

Consumables
Very little data were available for consumables such as cloth-

ing, furniture, and domestic appliances. Just as comestible goods,
these products are mostly imported to Zernez. Therefore, Swiss
average values retrieved from Jungbluth and colleagues (2011)
were used for this consumption area.

Services: Leisure Activities and Communications
This section encompasses all services consumed that are not

already covered in other categories. For instance, recreational
traffic is accounted for in mobility, food consumption includes
eating out, and the consumables category already accounts for
leisure equipment.

An estimation of the residents’ leisure behavior was
facilitated by the Microcensus (ARE et al. 2012) from which
information on purpose and destination of the residents’
trips could be retrieved. A combination of this information
with the estimation of trips within the geographical system
boundaries (see section Mobility), a census of enterprises (cf. the
Supporting Information on the Web), and further interviews
(e.g., with the operators of the indoor hot spa swimming pool
regarding the number of sold tickets) allowed for a rough
assessment of leisure services consumed within Zernez by res-
idents and thus the computation of “local emissions from local
demand.”
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Vacations are an important area not included in other cat-
egories. The Swiss Federal Statistical Office published data on
the travel patterns of the Swiss population, including number
of trips, duration of trips, destinations, and number of hotel
overnight stays (BFS 2011). Because this statistical analysis was
performed for different age groups, the data could be used to
determine the vacations of people from Zernez by consider-
ing the local age structure (AWT 2010). A study that assessed
GHG emissions for different vacation scenarios (König et al.
2014) was adjusted and used for GHG intensity factors for hotel
overnight stays.

Further services considered in this category are newspa-
per consumption, which was modeled by ecoinvent activities
(ecoinvent Center 2013) and data from the Swiss Post (Saner
2014), as well as communications. For the latter, Swiss aver-
age values from Jungbluth and colleagues (2011) were applied
because no specific data were available for Zernez and because
it is plausible to assume that people in Zernez behave similarly
and cause similar emissions in terms of communications as the
Swiss average citizen.

Agriculture and Forestry
Just as in most other Alpine regions, livestock farming dom-

inates Zernez’s agricultural sector.
Arable farming was negligibly small (total arable area in

Zernez is only 4.2 hectares) (BFS 2014c) and not further consid-
ered. A list of all animals kept in the municipality was obtained
from the Farm Structure Survey of the Swiss Federal Statisti-
cal Office (BFS 2014c). Building upon this information and in
combination with a census of enterprises (cf. the Supporting In-
formation on the Web), the agricultural sector was modeled by
adjusting appropriate processes of ecoinvent (ecoinvent Center
2013) and the life cycle assessment food database (Nielsen et al.
2003).

The municipal forestry administration provided detailed
data on sales of firewood, trunk wood, wood chips, and other
unspecified wood (see Wagner et al. [2015a] and the Support-
ing Information on the Web). Ten percent of the trunk wood
is processed by the forestry administration themselves, whereas
the rest is sent to different sawmills in Switzerland, Austria, and
Italy. Operating records on amounts of diesel and petrol used
were available. The forestry sector was then modeled by adapt-
ing ecoinvent activities (ecoinvent Center 2013) accordingly.

Local Trade and Industry
According to the census of enterprises (cf. the Supporting

Information on the Web), local trade comprises mostly restau-
rants, hotels, offices, and local retailers. Direct emissions in-
duced by tourism, an important economic sector for Zernez, are
thus accounted for in this category. Most emissions caused by
the aforementioned industries are determined by modeling the
respective energy use based on combining the building database
(cf. section on Residential Energy) with the census of enterprises
(cf. the Supporting Information on the Web).

Two important enterprises, a large gravel quarry and the of-
fice of the Swiss Post, were assessed in more detail. For the post

office, detailed data regarding information about amounts of let-
ters, parcels, transport distances, and means of transportation
were available from interviews with the sustainability depart-
ment of the Swiss Post (Saner 2014). This allowed for a detailed
modeling of the Post’s activities. For modeling the gravel quarry
(SOSA GERA SA 2014), an appropriate ecoinvent activity
(ecoinvent Center 2013) was chosen.

Housing construction is also included in this category.
Though local companies are often responsible for on-site build-
ing construction, most emissions from these activities are gen-
erated in the supply chain outside of the municipal geographical
boundaries through the production of construction materials.
Because of a lack of more-detailed data, the modeling of hous-
ing construction was based on Swiss average values (Jungbluth
et al. 2011). Building upon the findings of Zhang and colleagues
(2013), we assumed that 10% of these construction emissions
are released locally.

Results and Discussion

Figure 2 (top) shows the split of the total GHG into embod-
ied emissions, direct emissions induced by local demand, and
exported emissions. These emissions are then summed appro-
priately in order to represent the CBF and the PGA, respec-
tively. In figure 2 (bottom), the results for these two accounting
methods were divided by the number of inhabitants. This nor-
malization facilitates the comparison of the results with other
CF studies.

Even though the two viewpoints are fundamentally different,
the result of the consumption perspective (9.9 tonnes of carbon
dioxide equivalents per person per year [t CO2-eq/(cap·yr)])
is—by coincidence—similar to the production perspective
(10.6 t CO2-eq/(cap·yr)) in the case of Zernez. Thereby, embod-
ied emissions, taking place outside the municipal boundaries of
Zernez, account for around 85% of the total consumption GHG,
whereas exported emissions represent also approximately 85%
of the total territorial GHG emissions. These figures confirm
that this small Alpine village is not self-sustaining, but highly
integrated in the Swiss and global economy.

Purely Geographical Accounting

The PGA quantifies direct emissions in Zernez and
therefore identifies the most important local GHG emitters.
Figure 2 (bottom) reveals that the agriculture and forestry
sector clearly dominates the PGA and causes 70% of the
direct GHG releases. Thereby, agricultural activities are
responsible for more than 99% of the total GHG emissions
in this category, especially attributed to large enteric methane
(CH4) emissions and nitrous oxide (N2O) releases stemming
from livestock farming. This means that the territorial and
the consumption perspective differ also in the composition
of GHGs. Whereas the former shows a large share of CH4

and N2O emissions, the latter is rather dominated by CO2

releases.
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Figure 2 Top: Total GHG emissions divided into “embodied emissions,” “local emissions from local demand,” and “exported emissions.”
Bottom: Per-capita carbon footprint of Zernez according to the CBF and the PGA, respectively. Values are rounded to 100 t CO2-eq/yr or
0.1 t CO2-eq/(cap·yr). The category services includes leisure activities and communications. DW & WWT & WM = drinking water system,
wastewater treatment, and waste management; GHG = greenhouse gas; t CO2-eq/yr = tonnes of carbon dioxide equivalents per year ; t
CO2-eq/(cap·yr) = tonnes of carbon dioxide equivalents per capita per year.

Consumption-Based Footprint

The CBF provides a life cycle perspective of the consumer
behavior. It encompasses all GHG emissions worldwide induced
by the demand of the people living within the geographical sys-
tem boundaries. The consumption-caused total life cycle GHG
emissions in Zernez are approximately 22% below the Swiss
average of 12.8 t CO2-eq/(cap·yr) according to Jungbluth and
colleagues (2012) (please see the Supporting Information on

the Web for a graphical comparison of Zernez’s CBF with the
national CBF of Switzerland).

Though mobility spearheads GHG emissions, all categories
are of similar importance (see figure 2). Many studies (Jungbluth
et al. 2007, 2011, 2012; Hertwich and Peters 2009) identify food
consumption, mobility, and housing (here, the sum of residen-
tial energy and drinking water system, wastewater treatment, and
waste management) as the most important consumption domains
from an environmental viewpoint. These three categories are
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responsible for more than 50% of Zernez’s GHG emissions;
however, they do not outstrip the other categories.

Mobility GHG emissions in Zernez (2.3 t CO2-eq/(cap·yr))
correspond well to the Swiss average of 2.4 t CO2-eq per person
per year (Jungbluth et al. 2012). Motorized private transporta-
tion is responsible for more than 70% of the Swiss mobility
emissions; however, its contribution in Zernez amounts to more
than 85%.

Despite the prevailing cold climate (mean annual air temper-
ature is approximately 5°C) (Orehounig et al. 2014), housing-
induced GHG emissions (comprising the categories of residential
energy and drinking water system, wastewater treatment, and waste
management) in Zernez average out to 1.7 t CO2-eq/(cap·yr)
and are considerably below the national mean of 3.0 t CO2-
eq/(cap·yr) (Jungbluth et al. 2012). This large deviation can be
explained by two main reasons: First, oil boilers cause around
90% of the residential energy GHG, but only supply around 40%
of the local heat demand for space heating and hot water. A
large amount of the local heat demand is covered by wood-based
and direct electric heating systems (around 30% and 20%, re-
spectively), both of which involve low GHG emissions. Second,
electricity is exclusively supplied by hydropower plants, which
exhibit very low carbon intensities.

Part of the deviation of Zernez’s CF from the national average
may also be explained by different methodological approaches,
such as different GHG emission factors or different reference
years. The areas of housing and mobility were double-checked
with the model of Saner and colleagues (2013) and revealed to
be consistent with the model results (for further results, see the
Supporting Information on the Web).

Identification of Greenhouse Gas Reduction Potentials

Although the political system in Switzerland grants some
liberties to municipalities, their ability to implement measures
to reduce GHG emissions is nevertheless limited. They may
extend their own infrastructure, provide advice to consumers
in different areas, and are free to set financial incentives. But
taxes or mandatory measures are usually introduced at national
or cantonal levels and only exceptionally at the municipal stage.
Making laws stricter is possible for municipalities in some do-
mains, but depends strongly on the canton. Facing this restric-
tive scope of action, areas susceptible to municipal policies,
consumer-driven areas, and areas of supraregional importance
are distinguished in order to discuss sectors where the munic-
ipality could intervene. On account of their complementary
nature, the following discussion examines simultaneously both
footprints, PGA and CBF.

Areas Susceptible to Municipal Policies
The municipality has the ability to reduce mobility emissions

through awareness-raising campaigns (e.g., promoting the use
of bikes or public transportation or the avoidance of air trav-
els), financial incentives (e.g., for energy efficient and electric
vehicles), or an extension of public transportation possibili-
ties. However, decreasing GHG emissions through improved

public transport services needs a careful optimization of timeta-
bles in order to increase the occupancy of trains and buses.
This requires a supraregional perspective, usually lying with the
respective railway/bus companies and not directly with the mu-
nicipality. Implementation of a car sharing system could reduce
GHG stemming from commuting.

In contrast, technical options for the building stock are avail-
able and can be implemented at the municipal level for both the
building energy supply and the building stock materials. Pos-
sible measures comprise the extension of the existing district
heating network or financial support for private refurbishment
initiatives aimed at both replacing fossil-fuel–based heating sys-
tems or at decreasing heating demand by improved insulation.
The possibility of tightening the regulations for building de-
sign to some extent might also be taken into consideration.
Changing the building energy system could affect around 70%
of the direct emissions from local residential energy demand (see
figure 2), but also affects embodied, direct, and exported GHG
in the areas of services: leisure activities and communications, local
trade and industry (e.g., hotels, restaurants, and offices), as well
as public services, education, and health care.

Consumer-Driven Areas
Consumer behavior dictates large parts of the GHG emis-

sions in different areas of the CBF, including mobility, food
consumption (nutrition), consumables, services: leisure activities
and communications, and residential energy. In view of figure 2,
a special focus should be laid on the areas of mobility, food
consumption, and residential energy.

Influencing and changing behavioral patterns can be chal-
lenging, but will be necessary in order to achieve a sustainable
level of GHG emissions. Some options, such as raising aware-
ness and financial incentives, have already been mentioned.
Raising awareness of sustainable consumption can be achieved
by organizing information events, distributing leaflets or by set-
ting up an information center. A successful reduction of GHG
emissions depends on local consumers assuming responsibility
for their consumption patterns.

Areas of Supraregional Importance
As mentioned above, many aspects are beyond the control

of a Swiss municipality. For instance, agriculture belongs to
domains that are mainly regulated at the national level. Re-
gardless, mitigating GHG from agricultural activities in Zernez
would be difficult, given that Alpine livestock farming is the
nearly only feasible and economically viable agricultural activ-
ity in Zernez. In addition, eliminating meat and milk produc-
tion in Zernez in an effort to reduce local GHG emissions may
simply lead to the relocation of said activities rather than to
overall emission savings, as long as the demand for meat and
dairy products do not change. However, introducing regulations
to alter livestock production practice could be an option from
a pure GHG perspective. Nguyen and colleagues (2010) and
Peters and colleagues (2010) found that intensive meat produc-
tion systems tend to perform more efficiently than extensive
ones with regard to GHG. However, a deepened analysis would
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Figure 3 Overview of the municipality’s areas of action, which are mentioned in the text. Rough estimates for two extreme mobility
scenarios were conducted (replacing all car trips by the best internal combustion engine vehicle and the best electric vehicle, respectively).
The reduction potential of technical measures in the building sector was extracted from Wagner and colleagues (2015a, 2015b). Bottom
right corner: Simplified illustration of the current and the predicted community-wide infrastructure footprint of the building stock’s energy
demand (see text for more information) and contributing energy carriers (Wagner et al. 2015b). CBF = consumption-based footprint;
CF = carbon footprint; PGA = purely geographical accounting; PV = photovoltaics.

be required to assess whether these study results also apply to
the prevailing circumstances in Zernez. Nguyen and colleagues
(2010) further indicate that targeted feeding strategies might
minimize enteric CH4 emissions and improved manure man-
agement could decrease N2O emissions.

The municipality of Zernez and its inhabitants have only a
limited scope of action available to reduce GHG in domains
such as public services or health care. Local authorities account
for only a minor contribution to GHG emissions in this area.
Therefore, the largest potential is at cantonal and national
levels, for example, through federal programs (Schweizerische
Eidgenossenschaft 2013; RUMBA 2015).

Overview of Areas of Action
Figure 3 gives an overview of all above-mentioned options

for action. In addition, rough estimates of theoretical reduction
potentials, which can be achieved by implementing technical
measures, are also shown.

The discussion above reveals that it is generally difficult to
adopt GHG reduction strategies at the municipal level given
that many GHG areas are behavior driven or need to be tack-
led at a supraregional scale. The municipality of Zernez decided
to focus on the CF of the building stock’s energy demand as a
first step. This is a reasonable starting point given that Swiss
municipalities are in the position of setting financial incen-
tives, providing helpdesks, and also have the ability to adopt
new building design regulations. In addition, they often own
energy utilities (e.g., electrical power supply or district heating
networks).

Derivation of Targeted Measures

For the assessment of the CF and for the identification of
GHG reduction potentials, the present study focused on the
PGA and CBF because these two accounting methods allow
for consistently assessing each category and complement each
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other in an easily understandable way (cf. figure 2). However, for
the derivation of measures targeted at the optimization of infras-
tructure, such as the building energy system, a “trans-boundary
community-wide infrastructure” footprint (CIF) is more appro-
priate (Chavez and Ramaswami 2013; Lin et al. 2015). The
Supporting Information on the Web provides information on
the determination of the CIF for the building energy system in
Zernez as well as a detailed flow scheme and a table showing the
current energy flows related to the building stock.

Taking the CIF as a concrete planning basis to reduce GHG
from the operation of the building stock, the municipality and
its inhabitants entered an extensive stakeholder engagement
process in the scope of the research project Zernez Energia 2020
(Wagner et al. 2015a, 2015b). The project used an interdisci-
plinary approach to integrate building optimization options, re-
newable energy production, and urban planning. Additionally,
the municipal authorities, the residents, and private companies
were involved to include socioeconomic aspects of technical
measures. Based on this transdisciplinary process, an action plan
was developed for Zernez to mitigate GHG emissions caused by
building energy demand (Wagner et al. 2015b). Measures in-
clude replacement of oil boilers, extension of the district heating
network, installation of PV cells, and targeted refurbishments
of specific buildings and building components. The implemen-
tation of all of the proposed actions is forecasted to decrease
the CIF of the building stock from the current value of approx-
imately 2,225 to approximately 400 t CO2-eq/yr for an 80%
emission reduction (see bottom right corner in figure 3). The
project Zernez Energia 2020 intends to compensate for these re-
maining emissions by exporting low carbon solar power to the
national grid. By achieving a “CO2-neutrality” for the build-
ing stock, total embodied emissions could decrease by 3%, total
direct emissions from local demand by 76%, and exported emis-
sions by 8% (percentages are related to figure 2). This equals a
reduction of the total footprint by 13% for the CBF and by 17%
for the PGA, respectively (figure 3).

Limitations of the Study

The presented approach to quantify the CF of Zernez in-
volves many assumptions. Although the assessment of the GHG
emissions was conducted with due care, the presented results
contain uncertainties for example, attributed to simplifications,
estimations, or inaccurate data. However, a lack of uncertainty
information in the collected data hindered performing a de-
tailed uncertainty analysis. Nevertheless, it has to be empha-
sized that the present study is based on a data set that is unique
in its detail. This data set allowed for deducing results that
provide a clear order of magnitude of the different categories
and uncover how these different areas perform compared to one
another.

Further, global warming is just one environmental concern
of several. Besides different global-level indicators, local en-
vironmental impacts also need consideration given that they
directly affect local living conditions and can also provide feed-
back to the functioning of the Earth system as a whole (Steffen

et al. 2015; Rockström et al. 2009). GHG emissions illustrate
the main focus of the project Zernez Energia 2020 because global
warming tops the political discussion regarding environmental
impacts. However, recommendations for sustainable measures
require a holistic perspective and should thus take different en-
vironmental indicators into account. For example, a large share
of buildings in Zernez are heated by direct electricity or wood-
based systems (wood logs or wood chips), both of which are low-
carbon technologies. But the former wastes high-quality energy
for low-quality purposes and thus prevents a more-efficient en-
ergy use, whereas the latter may cause significant emissions of
particulate matter (Szidat et al. 2007), which may lead to se-
rious health damage ranging from asthma to respiratory illness
and lung cancer. Technical measures to reduce these emissions
need to be implemented as well. Moreover, biogenic CO2 emis-
sions from wood-based heating systems were not considered in
the presented CF, although they might have an impact on the
global climate in the short term (Cherubini et al. 2011).

Conclusions and Outlook

The transformation of the building stock, especially of the
energy supply system, was identified as a field of action for
Swiss municipalities. The implementation of the action plan
(Wagner et al. 2015b) will lead to a significant reduction of
GHG in Zernez and will increase the shares of renewable energy
sources. Albeit these building-stock–oriented measures need to
be followed by further action in other sectors, it is already a
good step forward and might act as an example for other rural or
Alpine municipalities. In the present case of Zernez, the current
CF of the building stock is already below the national average,
meaning the reduction potential may be higher in other Swiss
municipalities.

However, the purpose of this article is not to compare Zernez
with other municipalities. Detailed household- and building-
level data are available for Zernez, but no other municipality
possesses a comparable database. Whereas this unique data set
enabled the exemplification of how a rural community can
quantify and reduce its GHG emissions, we attempt to develop
a detailed bottom-up consumption model based on nation-wide
data in follow-up research. This model will build upon the ideas
of Saner and colleagues (2013) and on the detailed insights of
the present study. The planned model will allow for computing
the CBF on different aggregation levels and will thus enable
comparisons between different municipalities and cities. Fur-
ther, it shall support the development of targeted measures also
in Swiss municipalities with less data available than Zernez.
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