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Abstract

Abstract
English
Agriculture is a major contributor to greenhouse gas emissions. The extent of horse breeding on
these contributions has been little examined so far. The purpose of this bachelor thesis is to identify
the most effective greenhouse gas reduction measures for a specific case of a horse pension. This has
been achieved by literature research of commonly used measures in the agricultural sector as well as
the identification of potential measures related to horse husbandry. A business plan drawn up jointly
with the future tenant and the proprietor's guidelines as part of this case study defined the
framework conditions for future operation. A selection workshop with the future tenant defined a
set of analysed measures. The impact assessment showed considerable greenhouse gas savings
potential. Moreover, the integration into the existing business plan revealed potential economic
benefits. A key question is the access to capital in order to realize the necessary infrastructure
investments. The use of synergies between the individual measures seems to have the potential to
further improve the results.
Deutsch
Die Landwirtschaft trägt erheblich zu den Treibhausgasemissionen bei. Das Ausmass des
Treibhausgasausstosses resultierend aus der Pferdehaltung ist bis heute wenig erforscht. Das Ziel
dieser Bachelor Arbeit ist es, die effektivsten Massnahmen zur Treibhausgasreduktion für die
betreffende Pferdepension zu identifizieren. Dies wurde durch eine Literaturrecherche über gängige
Massnahmen aus dem Landwirtschaftssektor erreicht. Zusätzlich wurden potentielle Massnahmen
erarbeitet, die in Verbindung zur Pferdehaltung stehen. Im Rahmen dieser Fallstudie wurde
zusammen mit dem zukünftigen Pächter ein Business Plan ausgearbeitet. Ergänzend zu den
Richtlinien des Grundstückbesitzers, bildet dieser den Leitfaden für die zukünftige Bewirtschaftung.
Ein Workshop mit dem zukünftigen Pächter ergab eine Auswahl an zu analysierenden Massnahmen.
Die Wirkungsabschätzung zeigte ein bemerkenswertes Treibhausgasreduktionspotenzial.
Darüberhinaus enthüllte die Analyse auch wirtschaftlich vorteilhafte Aspekte. Eine Schlüsselfrage
dabei ist der Zugang zu Kapital, um die nötigen Investionen in die Infrastruktur zu tätigen. Die
Nutzung von Sinergieeffekten zwischen den einzelnen Massnahmen scheint eine weitere
Resultatverbesserung zu erlauben.
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1.1

Introduction

Introduction
Current situation

This work focuses on an estate located in Littau, owned by EWL (Energie Wasser Luzern). Currently,
the estate is operated as a horse pension. The entire estate consists of a traditional farmhouse, a
horse stable, a riding hall, a barn and a certain amount of farmland, which is spread over several
parcels. Since the current operator will retire in March 2020, EWL is looking for a successor who
keeps the estate in operation with the same diligence as the predecessor. According to personal
communication from EWL the successor must actively take into account external conditions such as
the zone allocation, the adjacent residential area as well as the nearby hydropower station and the
gas tank installation, both operated by EWL. The ground water quality takes top priority. The access
to the hydropower station and the gas tanks for operation and maintenance must be guaranteed at
any time. EWL hopes for a long-term, open and trustworthy co-operation. In addition, EWL puts
emphasis on the sustainable development of the estate with regard to energy consumption, land
cultivation and investments (Bussmann & Müller, personal communication, May 23, 2019).
To ensure long term stability, EWL requires the future tenant to submit a business plan. The business
plan shall convince the estate owner that the operations will be successfully managed within the
given framework by the future tenant and support a successful handover. In the context of this work
a business plan for the future tenant was developed (the complete business plan is provided in
appendix 1). However, this business plan does not include particular carbon footprint reduction
measures. Hence the question arises to what extend would a standard business plan change by
introducing carbon reduction measures.
The future tenants aim at preserving the existing nature of the estate as horse pension. The main
source of income shall be generated by rented boxes, whereas the production of haylage as animal
feed shall decrease expenses. The management of the operations will be executed by the tenants, a
young couple which possess long-term horse husbandry experience. The male tenant is responsible
for the land cultivation and the building maintenance in a 30% workload beside his main occupation.
The horse and customer care are the responsibility of the female tenant. The workload is dependent
on the present horse stock. Thus, it varies between 20% - 100%. In order to continue operations, the
machinery and inventory is bought as a bundle from the current tenant at a fixed price. The bundle
contains a tractor, a mower, a rotary tedder, a double windrower, a wheel loader and a mulcher. The
future tenants will also accommodate both of their own horses. Consequently, from the present ten
boxes are eight available for rent. In addition, agricultural direct payments by the federal
government complement the generated operating income. Since the operations represent a large
share of the future tenants’ income, their main concern is to manage the estate profitable. Being
aware of the contribution by the agricultural sector to global warming, they’re convinced that
economic success should create as less harm as possible to the environment. Thus, they’re looking
for measures reducing the estates carbon footprint.
1.2

Estate

The entire estate consists of 6 separate parcels with different prerequisites. This section provides an
overview of the different parcels and their purpose. The information is partially based on the 2014
compiled analysis of the estate by the future tenant. This documentation was made within the
framework of the education as part time farmer at the vocational training center for nature and
nutrition in Hohenrain. The documentation was updated with current data for the use in this case
study.
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1.3

Introduction

Parcels

The Parcel 439 is considered the main parcel since it contains all buildings associated with the estate
as displayed in Figure 1 below. It is situated in the groundwater zone as well as in an area with
increased flooding risk caused by the neighboring river “Kleine Emme”. It is also partially affected by
technical risks due to the gas pipeline (Kanton Luzern, n.d.) connected to the gas storage facility as
indicated in Figure 1.

Figure 1 - The main parcel 439 from above, adapted from Geoportal, (2019)

The farmhouse is used as accommodation for the tenant. Due to the age and the condition of the
house, it will be either extensively refurbished or rebuilt by EWL. The necessary clarifications are
being conducted currently by EWL. The farmhouse shall be divided into two separate flats. A first
draft of a possible refurbishment by Cerutti Partner, (2019), resulting in a total living area of 272.5m2
is visualized in Figure 2.

Figure 2 - Visualization of possible refurbishment outcome (Cerutti Partner, 2019)
Fortunat Moehr
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The stable is in good condition and consists of ten horse boxes. Two out of ten boxes are currently
occupied by customers. The 15 x 30m riding hall as well as the barn are in moderate condition so that
they can remain in operation as before with regular maintenance work. The hall can be used as
indoor riding opportunity by the customers. The barn is currently used as a feed storage and shelter
for the machinery. In addition, the property has an outdoor circuit, a horse walker that
independently trains or warms the horses, a spacious pasture and a fruit tree.
The five remaining parcels 431, 434, 436, 459 and 475 are located in the immediate vicinity of the
main parcel as highlighted in red in Figure 3 below. These parcels are mainly used as agricultural land
for haylage production. The parcels are partly located in the groundwater protection zone and water
conservation area. The respective properties such as the inclination and the total agricultural land for
farming are summarized in Table 1.

Figure 3 - The nearby parcels 434, 436, 450, 459, 475 and 1995 highlighted in red
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Table 1 - Parcel overview (by data from “Geoportal”, 2019 and the estate analysis)

Parcel
431
434

Area
1.69ha
0.74ha

Agricultural land
1.69ha
0.72ha

Zone
Agricultural
Green

436
439

0.05ha
3.36ha

0.04ha
2.2ha

Agricultural
Public

450
459

0.15ha
3.23ha

0.15ha
1.61ha

Public
Agricultural

475

1.6ha

1.13ha

Agricultural

1995
Total

0.25ha
11.07

0.25ha
7.79ha

Public

1.4

Inclination
Respective features
1.69
0-18%
0.66ha 0-18%
0.03ha 18-35%
0.05ha
>35%
0.05ha 0-18% 2 fruit trees
3.34ha 0-18% Main parcel with buildings,
pastures, 1 fruit tree
0.15ha 0-18%
0.97ha 0-18% Forest (1.62ha) managed
0.61ha 18-35% by local forestry office
0.06ha
>35%
0.61ha 0-18% Forest (0.47ha) managed
0.15ha 18-35% by local forestry office,
0.36ha
>35% along the water canal
0.25ha 0-18%
7.72ha 0-18% 3 fruit trees
0.79ha 18-35%
0.47ha
>35%

Agricultural direct payments

These subsidies are paid out to swiss residents holding a professional license as a farmer or
equivalent education, not exceeding the age of 65 years and working on their own account and risk.
In addition, a proof of ecological performance, such as animal welfare, balanced use of fertilizers
(Suisse-Bilanz), targeted selection of pesticides or at least 7% of ecological compensation areas, is
required (“Ökologischer Leistungsnachweis,” 2019). The factor determining if a farmer is authorized
to receive the amount of payment is the “Standardarbeitskraft” (SAK), which represents a standard
workforce. The SAK is individually determined by multiple factors such as the agricultural farmland
area, inclination, type of use, production methods and animal stock (BLW, 2017). The minimum SAK
in order to get payments in this region is 0.2. The SAK of the estate will be between 0.31 and 0.39
depending on the size of the horse stock. The amount of agricultural direct payments is determined
by the area cultivated, supply reliability, biodiversity measures, landscape quality, production
systems and resource efficiency (Agridea, 2017).
1.5

Project aim and objectives

This bachelor thesis aims to identify most effective measures to reduce the carbon footprint for this
specific case of a horse pension. Commonly used measures in the agricultural as well as in the horse
husbandry sector are analyzed and checked for their applicability. The integration of the chosen
measures into the business plan, developed within the framework of this cases study, allows to
assess beside the greenhouse gas reduction potential also the economic impact.
1.6

Structure of report

Chapter 2 clarifies important terminology and contains information about commonly used measures
in the agricultural sector to reduce greenhouse gas emissions. Moreover, specific measures regarding
the horse husbandry are evaluated. It concludes with a collection of proposed measures. Chapter 3
explains the methods used to support the case study. In Chapter 4, the selection process of the
proposed measures based on the workshop with the future tenant is explained. The selected
measures are analyzed with regard to their economic and environmental impact. It concludes with
the assessment of the impact on the standard business plan. The findings are discussed in Chapter 5.
Chapter six summarizes the main findings followed by the recommendation in Chapter 7.
Fortunat Moehr
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2.1

Literature review

Literature review
Greenhouse gas emissions

A variety of terms is used with regard to greenhouse gases (GHGs). This section provides an
explanation of relevant terms.
Greenhouse gases absorb and emit infrared radiation in the Earth’s atmosphere. Thereby they keep
the temperature significantly higher than it actually would be. The main greenhouse gases present in
the atmosphere are water vapor, carbon dioxide, nitrous oxide, methane and ozone. GHGs are part
of the natural composition of the atmosphere as shown in Figure 4 below.

Figure 4 - Composition of the Earth's atmosphere and GHGs (Greenhouse Gases, n.d.)

The amount of GHGs in the atmosphere is increased by human activities such as fossil fuel
consumption. Thus, the increased level of GHGs leads to an increase in the atmosphere’s
temperature and causes climate change. C02 is considered as the most significant GHG and
sometimes misunderstood as a superior term for all greenhouse gases. Considering only the actual
C02 emissions leads to an understatement of the global warming impact (Brander, 2012).
Different greenhouse-gases can be categorized according to their global warming potential (GWP) as
listed in Table 2 below. The GWP of a gas is a measure of the amount of heat caused over a certain
period of time, usually 100 years. In other words, 1 kg of methane causes 25 times the amount of
heat over a period of 100 years, than 1 kg of CO2 (Easterbrook, 2016).
Table 2 - GWP of different GHGs by data from Brander, 2012.

GHG

GWP
1
25
298
124 – 14,800
7390 – 12200

Carbon dioxide (CO2)
Methane (CH4)
Nitrous oxide(N2O)
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)
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2.2

Literature review

Greenhouse gas inventories

Accounting for 12.4% of the total Swiss GHG emissions (FOEN, 2019), the agricultural sector
represents a significant contributor to the total Swiss emissions, as shown in Figure 5 below .

Figure 5 - Constellation of GHG emissions in Switzerland 2016

However, looking at the individual share of the respective gases the picture changes. Whereas the
agricultural sector is responsible for only 0.12 percent of CO2 emissions, he is by far the major
contributor of CH4 (83.1%) and N2O (79.9%) as displayed in Figure 6 below. This indicates that
measures concerning CH4 and N2O have significant effect on the total emissions.
With a share of 80%, livestock is the main contributor for the CH4 emissions, with the remaining 20%

Figure 6 - Detailed overview of sources by sector for different GHG

being attributed to farmyard manure management. Looking at the N2O, agricultural land use sources
86% of total agricultural emissions, whereas farmyard manure management accounts for the
remaining 14% (“Swissmilk,” n.d.).
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Literature review

Fertilizer in agricultural land cultivation

Fertilizers are used to improve the nutritional value in the soil in such a way that plants grow faster.
Thus, not only the yield per area, but also the quality of the plants can be increased. A distinction can
be made between organic fertilizers and mineral fertilizers. Organic fertilizers are either animal feces
or, for example, vegetable fermentation residues from biogas production. The important substances,
which are often only available to a limited extent in the soil and thus restrict plant growth, are
nitrogen, phosphate and potassium. Mineral fertilizer, showing the same three core substances, are
mainly salts extracted in the mining industry. The Haber-Bosch process also makes it possible to
produce synthetic fertilizer, which is often referred to as artificial fertilizer. Different crops have a
specific nutrition requirement, making fertilizers available as single-nutrient fertilizer or multinutrient fertilizers, so called NPK-fertilizers. To put it briefly, nitrogen supports an increase in leaf
mass, phosphate intensifies flowering and budding and potassium improves wood formation and
plant statics (Schilling, 2000).
The nitrogen contained in fertilizers is only partially absorbed by plants, the rest is emitted into the
atmosphere. It is not only the amount of directly applied nitrogen fertilizer for agricultural land that
is increasing. Livestock farming and the corresponding feed demand are also increasing the global
nitrogen emissions. Animal feed production with a high protein content requires N-fertilizers and
therefore the upstream processes add up to the emissions (Bergamin, 2011). These nitrogen
emissions affect the climate and increase the amount of harmful substances such as ozone and
particulate matter. Moreover, emissions from overfertilization are transported into groundwater and
natural ecosystems, causing fish mortality and affecting biodiversity (“Dünger,” n.d.). In order to
avoid overfertilization on swiss farms, several measures are required within the framework of the
proof of ecological performance. Where soil samples and a parcel specific fertilization plan are
required to manage the internal nutrition balance between individual parcels, the “Suisse-Bilanz” is
used as tool to determine the annual overall nutrition balance. It enables the detection of a possible
nutrient surplus and therefore the management of liquid manure beyond the farm gate (Agridea &
BLW, 2017).
2.4

Commonly used greenhouse gas reduction measures

Due to the large contribution to greenhouse gas emissions by the agricultural sector several
reduction measures are suggested by various associations. One of them is IP Suisse, as a main
agricultural producer organization in Switzerland, they are fostering sustainable and animal friendly
production methods.(“IP-Suisse,” n.d.). In order to reduce the emissions of greenhouse gases by the
agricultural sector, IP-SUISSE introduced a catalogue of measures regarding climate protection. The
high congruency of the tenant’s intentions and the values of IP Suisse, led to the assumption that
potential target conflicts between animal welfare, productivity and greenhouse gas reduction can be
widely avoided. Thus, the catalogue builds the foundation of the collection of measures.
Qualitative assessment of common measures
The proposed measures relate to typical branches of the agricultural landscape in Switzerland (arable
farming, dairy cattle farming, cattle breeding, pig breeding, poultry breeding). In order to ensure a
scientific approach, Agroscope, the Swiss center of excellence for agricultural research was tasked
with the definition of GHG reduction measures in a structured catalogue. They were also responsible
for assessing the reduction potential of the individual measures. In a preliminary project a set of
measures was compiled. The project included the three main emissions CH4, N2O and CO2 as well as
NH3 and NO3, both considered as indirect N2O-emissions. This means that 1% of NH3 emissions and
0.75% of NO3 emissions are converted into N2O emissions (IPCC, 2006). The potential measures had
to be feasible and measurable and must not conflict with the other objectives of the IP-Suisse label,
such as animal welfare, biodiversity and social fairness.
In a first step the measures were subject to a rough analysis examining their acceptance with IPSuisse targets, animal and consumer protection laws, environmental associations, farmers intentions,
Fortunat Moehr
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controllability, feasibility and trade-offs between policies and regulations. This allowed to initially
exclude inappropriate measures.
The remaining measures were analyzed in an expert workshop. The multidisciplinary teams,
consisting of scientific experts in the respective field, representatives of IP-Suisse and real farmers,
evaluated the methods by the following four criteria (Mieleitner, Baumgartner, & Gaillard, 2011):
•
•

•
•

Reduction potential
Scientific character

Feasibility
Realizability within a catalogue

Based on this judgement, a selection of appropriate measures has been made. These measures were
subject to a literature review in order to consolidate the results of the workshop. This in turn led to
the elimination of individual methods. Within this first, qualitative phase of the project, the different
thematic areas (energy, animal husbandry, plant cultivation, miscellaneous) were not evaluated
together, which is necessary for a quantitative evaluation.
Quantitative evaluation of measures by weighting factors
Thus, in the second phase of the project the preselection of the measures was updated with the
latest research findings to assess the type and amount of emissions. In addition, further research was
made to complement the preselection with the most recent measures, not yet considered within the
first project phase. This led to an expanded set of 42 measures on the basis of which the final
selection was based on (Alig et al., 2015). Each measure was assigned a factor between zero
(minimum) and five (maximum). These related to key criteria such as expected GHG reduction
potential and low uncertainty of efficiency and feasibility for farmers. The multiplication without any
additional weighting factors resulted in individual scores. The measures were again divided into the
previously defined thematic areas of energy, animal husbandry, plant cultivation and miscellaneous.
The two indicators with the highest scores in each area and those with outstanding scores in general
were further analyzed in the project. The final selection of the measurements is listed in Table 3.
Table 3 - The definitive choice of measures for further evaluation (2015)

Area
Energy

Animal
husbandry

Plant
cultivation

Miscellaneous

Fortunat Moehr

Measure
Green electricity
Machinery fuel consumption
Machine utilization
optimization
Solar thermal collector
PV
Wood production (Forest)
Heat recovery
Increased lactations
Certified milk production
Cover up slurry tank
Stable management
Phase feed concept
Parcel-specific fertilization
Uninterrupted reseeding
Reduce mineral N-fertilizer
Drag hose
Use of fermentation residues
Green fertilizing
Agroforestry systems
Vegetable carbon
Page 8

CO2
X
X
X

Expected main effect on
CH4
N2O

NH3

X
X
X
X
X
X

X
X
X
X
X
X

X

X
X
X
X
X
X
X
X
X
X

X
X
X
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A brief description of the measures analyzed by Alig et al. (2015), displayed in Table 3, can be found
in the next paragraphs.
Green electricity
This measure includes a 100% coverage of the electricity of the farm by green electricity. The farmer
purchases electricity produced entirely by renewable energy sources instead of electricity from the
standard electricity mix in Switzerland. The measure does not include any electricity demand in the
farms supply chain.
Machinery fuel consumption
The agricultural fuel consumption is typically expressed in liters per area for different type of
processes such as ploughing or mowing. The actual consumption is then determined by factors such
as weight of the machine, tire pressure, ground conditions, way of driving, operation mode and
machine coupling. Beside the diesel consumption, particulate emissions from agricultural machines
are also relevant. Due to the late introduction of emission standards and the high average age of
agricultural machinery, compared to construction machinery, these particle emissions are 46 %
higher.
Machine utilization optimization
This measure is aiming to reduce the grey energy enclosed in agricultural machinery. This should be
achieved by optimal and cooperative utilization among agricultural businesses. It is assumed that the
number of machines can be reduced. On the one hand the total embedded grey energy decreases,
on the other hand the fuel consumption increases because the machinery has to be moved between
different locations.
Solar thermal collector
This measure assumes that heat is generated completely from heating oil. Thus, the south aligned
roof side of a stable or barn was equipped with glazed tube collectors. The collected heat is used to
cover the hot water and heat demand in the residential building. This requires the installation of a
combined thermal storage. Hot water is also used to clean the milk tank. It allows to save the amount
of C02 used to produce the same amount of heat from heating oil.
PV
The GHG reduction of this measure is based on the compensation of the electrical energy demand by
the local production. In this way, emissions from electricity production based on the standard swiss
electricity mix can be saved. In addition, local production decreases the demand for other resources
used to produce and distribute electricity in Switzerland, such as uranium or concrete. Half of the
south facing largest existing roof will be covered with PV modules. The produced electricity will be
fed into the grid. The lifespan is especially relevant for the degradation of the panels and the
emissions created related to the production of the panels.
Wood production (Forest)
The aim of this measure is a more intensive use of the forest. The annual amount of wood yield per
hectare is increased from 3.3 to 5 loose cubic meter. It is assumed that the increased yield lies still
within the sustainable limit of forest usage. The extracted wood is used to cover for the heat
demand. Here, as well, a scenario is used as a reference in which the heat energy is generated
entirely by heating oil. Wood enables to reduce the amount of emissions that would result from the
use of heating oil to cover for the same amount of heating energy. Exceeding wood will be sold as
firewood. The corresponding heating oil savings are charged to the production site.
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Heat recovery
Heating and ventilation of a stable are the largest energy consumers in the pig and poultry
husbandry. Ventilation is responsible for the main heat losses. A heat recovery system enables a
drastic reduction in energy consumption
Increased lactations
This measure aims to procreate more cattle with the same amount of breeding cows. The number of
lactations(birthrate) from an average of 3.5 to 4.5 allows to reduce the amount of breeding cows and
consequently a reduction of the methane emissions. Since the breeding cows still reproduce one
bovine animal per year, the result is an above-average number of cattle. It is assumed that the excess
will be used for fattening and slaughter. On the one hand, the resulting emissions and meat
production are attributed to the respective farm. On the other hand, the meat output decreases as
the animals live longer due to this measure.
Certified milk production
The soy production in North and South America is responsible for land-use change from primary
forest to arable land. The land-use change releases large amounts of carbon from the soil into the
atmosphere. A reduced use or even a complete substitution of soy as supplementary food in the
feeding of dairy cattle has a major impact on emissions. One kg of uncertified soy is associated with
4.31 kg CO2e, whereas 1 kg certified soy only causes 0.33kg of CO2e. This already widespread feeding
of certified soy is considered to have a large GHG savings potential.
Cover up slurry tank
The NH3 emissions caused by the slurry storage depend mainly on the properties of the slurry, the
temperature and the air circulation at the contact area between slurry and atmosphere. A foil cover
for slurry tanks reduces the air circulation and consequently the convective transport of emissions.
Stable management
This measure aims to reduce emissions in the cow shed. Contaminated stable surfaces represent the
second largest NH3 emission source in livestock farming in Switzerland. Clean and dry stable surfaces
reduce the NH3 formation and its release rate. Slightly pitched stable floors allow a rapid urine
drainage. Frequent manure clean outs shall ensure undisturbed flow in the drainage channels.
Phase feed concept
The phase feed concept in pig fattening makes it possible to adapt the protein content of the feed to
the needs of the animals. Thus, the protein level can be held constant. Protein deficiency has a
negative impact on animal performance, while excess protein is excreted via urine flow. The
reduction potential of the phase feed concept is based on a reduced nitrogen excretion and lower
amount of emission-relevant urine.
Parcel-specific fertilization
Agricultural land in Switzerland show often nitrogen surpluses. Swiss farmers are obligated to create
an overall nutrition balance. Nevertheless, the distribution among the separate parcels is often
disregarded. A parcel-specific nutrition balance shall prevent overfertilization. Therefore, the
nutrition demand and input have to be levelized. The effect of this measure is based on mineral
fertilizer savings, responsible for large GHG emissions during production. In addition, less N2O is
emitted in the atmosphere caused by the spreading of the fertilizer.
Uninterrupted reseeding
Reseeding of grassland can be necessary after inappropriate cultivation, drought periods or pest
infestation. To restore feed quality in such cases, reseeding is necessary. In order to avoid related
emissions, direct reseeding and minimum tillage are considered. Intensive land cultivation in
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comparison, such as ploughing up of grassland, causes a degradation of the carbon- and nitrogenpools in the soil. Consequently, GHG emissions are emitted in the atmosphere.
Reduce mineral N-fertilizer
Production and spreading of mineral N-fertilizer goes along with high GHG emissions as already
explained for the parcel specific fertilization method. A reduced consumption of fertilizer, for
grassland but also for arable crops, reduces both mentioned emissions. Depending on several factors
such as location, plant species and the respective fertilization frequency, reducing fertilizer affects
the yield of the cultivated land negatively.
Drag hose
Conventional wide spreading of liquid farmyard manure is the main source of NH3 in Switzerland. The
drag hose spreading method reaches a higher distribution accuracy. An expansion on the manure
trailer allows to spread the manure via tubes directly in the soil. The resulting higher manure
efficiency allows to reduce the application of mineral fertilizer. Moreover, the reduced contact with
the atmosphere reduces the NH3 emissions during spreading.
Use of fermentation residues
Spreading of fermentation residues on grassland and arable land allows to substitute mineral
fertilizer. Indirectly, the production of renewable energies is supported, as the increasing demand
promotes biogas production. Additionally, it enables the absorption of methane emissions from
farmyard manure in a biogas facility. If farm manure is stored conventionally, it would be released
into the atmosphere.
Green fertilizing
This method aims to increase the soil quality by applying plant-based fertilization. Both the mixing in
of leguminous crops or harvest residues and intercrops, such as sunflowers or rapeseed specially
used for this purpose, support soil fertility, reduce weeds and prevent soil erosion. Consequently,
green fertilizing substitutes mineral fertilizer. Thereby GHG emissions from land cultivation are
reduced.
Agroforestry systems
Agroforestry systems are an intended combination of trees and agricultural crops on the same field.
A desired advantage is the soils enhanced nutrition efficiency, erosion resistance and the resulting
increased area yield. The GHG saving potential lies in the captured of carbon by the planted trees,
which remain standing there for several decades, but the main focus lies, particularly in the first
decades, on the land cultivation yield.
Vegetable carbon
With pyrolysis (anaerobe process at elevated temperatures) vegetable residues can be transformed
into vegetable carbon, a carbon-rich coal product. An important characteristic of vegetable carbon is
its resistivity towards biological and chemical decomposition in the soil. Thus, high amount of carbon
can be captured in the soil through plant growth. In addition, vegetable carbon has the potential to
reduce the N2O emissions from cultivated land.
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Greenhouse gas reduction potential in the Saxon agriculture

Zorn et al. (2014) assessed the GHG emissions caused from Saxon agriculture as well as the reduction
potential. Direct and indirect greenhouse gases were assessed according to the internationally
recognized IPCC standards, as explained in Section 2.1. Agricultural land in conjunction with food and
animal feed production as well as animal husbandry was assessed. Moreover, the horticulture sector
was included, whereas forestry and aquatic surfaces were excluded.
In a first step, the level of GHG emissions in 2010 was assessed using a balance model mainly based
on data from the national GHG inventory report. The national GHG inventory does not account for
any emissions caused in the supply chain such as fertilizer or energy. Thus, the study evaluated the
supply chain’s emissions and complemented the data accordingly. The emissions resulting from
energy demand of operations were assessed by the consumption of either liquid or gaseous fuel, or
alternatively with emissions based on the German electricity mix. Grey energy included in agricultural
buildings or equipment was not taken in consideration. The authors also excluded the production of

Agricultural land in saxon by usage
0.45%

0.25%

20.40%
Crop cultivation
Grassland
Vegetable cultivation
Organic farming
78.90%

Figure 7 - Allocation of agricultural land use in Saxon by usage in 2010 by data from

seeds and transportation of fertilizer, pesticides and animal feed to the consumer site. In a second
step the study analyzed the level of implemented GHG reduction measures with regard to the year
2010. Measures from the different sectors land use, crop cultivation, animal husbandry and energy
use were observed over a longer period. In addition, cross-sectoral measures such as biogas
production for energy use or fuel production were also taken into account. It represented the
cornerstone for the individual assessment of the GHG reduction potential. The potential for a further
reduction was derived from this analysis and concrete measures were proposed. The measures were
evaluated according to their absolute and relative saving potential. The percentage distribution of
the Saxon agricultural land is displayed in Table 4.
Further criteria were the economic feasibility and the measurability. The result served as the basis for
the concrete formulation of implementation guidelines, legal framework conditions and
organizational optimization measures. Finally, the study proposed a collection of prioritized
measures with relevant impact as shown in Table 4. They represent the absolute annual reduction
potential in tons of CO2e for the case of Saxon.
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Table 4 - The proposed measures and their GHG saving potential

Measure
Increase grassland area
Grassland cultivation measures (Parcel specific fertilization)
Energy efficiency (Fossil fuel reduction, biomass, electricity, heat
recovery, biogas)
Cropland cultivation (direct seeding)
N-reduction according to Water Framework Directive
Low emission liquid farm manure spreading
Agricultural environmental measures (intercrops, nurse crop for
corn, green strips in cropland, soil conserving cropland cultivation)
Ecological farming performance
2.6

GHG reduction potential in
tons of CO2e / year
30000
57000
60000
10000
2000
17000
4000
8000

Ecological assessment of domestic animals

Jungbluth & Meili (2018) examined six common domestic animal species frequently kept in
Switzerland. The effects of feeding, housing, manure, car journeys and other purchases caused by the
pet were recorded in such a way that the global warming potential could be assessed. The study
showed that the effect of a pet increases with its size, mainly due to the weight dependent feed
requirement. Representing the biggest species, the impact of each individual horse, in comparison to
dogs, cats, rabbits, ornamental birds and fishes, is clearly highest. The housing impact can vary
significantly according to the species.
The direct methane emissions of a horse is approximately 77% less than the emissions from a
cow(Martin-Rosset, Vermorel, & Fleurance, 2012). The difference in CH4 output between cows and
horses is caused by a shorter holding period of food within the body(Franz et al., 2010), the variation
of anatomical conditions of the species (Leng, 2018) and the lower present bacteria and
microorganisms in equine (Kern, Slyter, Leffel, Weaver, & Oltjen, 1974).
Another key factor with large potential is the feeding of a pet (Jungbluth & Meili, 2018). Housing of
one animal for one year in a swiss household or on a swiss farm including breeding, feeding and first
purchase is the functional unit of the resulting data. In the specific case of horse breeding and first
purchase included:
•
•
•
•
•
•

Saddles, horse blankets and all kind of objects that allow species-appropriate housing
Water and feed requirement based on weighted averages
Car trips and cost of specialists such as farrier or veterinary
Travel costs to participate on tournaments
Bedding material and water demand for cleaning
Direct emissions of a horse

Moreover, the calculation of the global warming potential for a horse was based on standard
assumptions. Assessed was a pension horse weighing 550 kg with a life expectancy of 25 years. A
stud farm for Franches-Montagnes horses was considered. The feed requirement is based on
“Deckungsbeiträge” (Agridea & FIBL, 2012) and the production process and transportation is
included. A box with straw as bedding material serves as housing reference. The bedding material is
periodically replaced, the box subsequently cleaned with water. According to the authors it was not
possible to determine a value for the electricity consumption. Average values for methane emissions
were taken according to the united nations (IPCC, 2006). The ammonia emissions were approximated
using a cows output quantity. The average consumption-related greenhouse gas emissions per capita
in Switzerland of 14000 kg CO2e serve as a basis for comparison (Frischknecht et al., 2018). The
resulting global warming potential sums up to 2400 kg CO2e horse-¹ year-¹. as indicated in Figure 8.
Clearly the biggest contribution of 1272 kg CO2e is caused by the feed and water demand, with
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only hay and straw being responsible for 840 kg CO2e.The feed emissions are followed by 504kg CO2e
direct natural output of a horse. The housing, bedding and disposal is responsible for 312 kg CO2e.
This value excluded the distribution of manure as fertilizer since this is considered as part of the plant
cultivation activities. It is mainly caused by the stable’s grey energy, such as cement.

Annual global warming potential of a horse in kg CO2equivalents
153
Feed, drinking water

159

Direct emissions
312
Housing, bedding, disposal
1272

Breeding, initial purchase,
equipment
Care

504

Figure 8 - GWP for standard scenario (by data from Jungbluth and Meili, 2018)

Figure 9 shows the different scenarios analyzed and the resulting emissions. The Competition horse
scenario assumes 5 journeys per year to tournaments. The increase in transportation has the
greatest impact on emissions. Moreover, additional equipment required for tournaments and the
increased water consumption contribute to the overall increase of 300 kg CO2e.
The variety of bedding material is large. Straw is the most common material used and therefore

Annual emissions for different scenarios in
kg CO2-equivalents
3000
2500

2700
2400

2200

2000

2000

1500
1000
500
0
Standard

Competition horse

Wood shavings as
bedding

Swiss wood shavings as
bedding

Figure 9 - Different scenarios with respective GWP (adapted from Jungbluth and Meili, 2018)

assumed in the standard scenario. Individual needs of horses can affect the choice of bedding
material. Replacing straw by wood shavings led to an annual reduction of 200 kg CO2e. Additional
200 kg CO2e could be cut when using local wood shavings. On one hand, this is based on the lower
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amount of material needed, and, on the other hand, on the lower preload for the production and
transportation of wood shavings compared to straw. The study assumed a daily bedding material
need of 9.5 kg by using straw. Wood shavings have a higher suction effect than straw. Thus, the daily
need is reduced to 5 kg of bedding material. The analysis has shown that the choice of material but
also the origin is important. Nevertheless, it was not possible to make concrete statements about the
numerous other types of bedding material. But other factors have to be taken into consideration as
well: Wood based bedding eases the clean out process of the boxes. Another important aspect is the
dust extraction of the bedding material. Fine dust particles are not only absorbed via the horses
respiratory tract into the lungs, they also irritate their eyes (Hellmich, 2015).
2.7

Horse manure management

According to Hennessy & Eriksson (2015) has appropriate horse manure management the potential
to turn manure as waste product into a resource. Additionally, other environmental benefits can be
achieved. Horse manure consists of horse dung (feces and urine) as well as bedding material. The
assumed manure production, based on mean values from various sources and wood chips as bedding
material, resulted in 24 kg of waste per horse and day, equivalent to 8.7 tons of waste per year. The
share of bedding in the manure depends on various factors such as bedding material, number of
clean outs and the cleanout technique. According to the IPCC, the methane emission in cool climates
from unmanaged horse manure (average temperature below 15°C) are estimated to be 1.56 kg CH4
horse-¹ year-¹ (IPCC, 2006), resulting in 39 kg of CO2e horse-¹ year-¹.
The Numbers one to five in Figure 10 represent the different scenarios of horse manure treatment.
The core system for the waste management is represented with a dashed line, the augmented
compensatory system with a dotted line. The study evaluated the annual flow of 15’000 tons of

Figure 10 - System illustration for manure management scenarios by Eriksson et.al (2016)

horse manure. It assumed a share of 5000 tons of woodchip bedding (33%). Since woodchips are
seen as a by-product in the production process, its upstream emissions are allocated to other
products. Horse manure is regarded as waste and thus a zero-burden assumption that frees the
previous life cycle process from its responsibility for emissions.
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Each of the five scenarios generates one or more outputs in form of nutrients or energy and thus
reduce emissions from other energy sources. This is taken into account in the compensatory system,
as shown in Figure 11.

Figure 11 - GWP in tons of CO2e for core and compensatory systems from Eriksson et.al (2016)

Incineration can generate electricity or heat. Biogas replaces fossil fuel. Upgraded biogas is suitable
to substitute diesel oil in vehicles. Digestate and compost can be used to replace chemical or mineral
fertilizer. Transportation distances from waste source (stable) to the waste treatment plants are set
to 15 km. For biogas transported to a gas station as well as compost and digestate transported to
arable land the value was set to 50 km. These distances represent Swedish average values.
The GWP from the core systems are modest due to low GHG emissions, even negative for the largescale incineration scenario (carbon sink). The lowest GWP results from the anaerobic digestion
method. This is mainly due to large savings potential in the compensatory system(grey), as fossil fuels
in vehicles can be replaced by biogas.
Composting either takes place aerobic (1&2), in the presence of air, or anaerobic (5) without air. Both
produce greenhouse gases, although aerobic decomposition produces much less. In both cases the
amount of greenhouse gases released into the atmosphere can be reduced compared to the
conventional passive and uncontrolled pile storage (1). Compost management includes active mixing,
aeration and turning of the pile in order to ensure efficient composting. The more methane intensive
anaerobic composition acts as a methane source for biogas production. Thus, the two composting
techniques differ fundamentally regarding their strategic objective even though the goal is to reduce
GHG emissions. The generated compost from aerobic digestion can be used to fertilize soils and
pasture. The healthier soil and grass are, the better is their ability to lock up carbon. Applying
compost to soils resulted in a rise of the carbon storage capacity from six to 40 tons of carbon per
hectare (“Reducing your carbon hoofprint,” 2008). Also the digestate, as remnant from the anaerobic
digestion process, can be used to replace chemical fertilizer, which has a carbon footprint itself, and
increases the soil quality (Eriksson, Hadin, Hennessy, & Jonsson, 2016). The large-scale incineration
scenario (3) refers to a commercial combined heat and power plant and includes the treatment of
the resultant ash & slag in a landfill. In the small-scale incineration scenario (4) the waste is burned
local in a simple heat boiler.
2.8

Main findings

The data availability for greenhouse saving measures in the horse husbandry sector is scarce. The
comparison between the Saxon case and the proposed measures by IP Suisse showed no
fundamental gap in Table 5. The only missing measures are the increase of grassland and ecological
farming performance. Both are not relevant for this case. All agricultural land is already grassland and
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the prove of ecological performance is a requirement for the subsidies. All other measures associated
with significant saving potential in the Saxon case can be found in Table 5 as well.
The comparison validates the use of the proposed measures listed in Table 3. Nevertheless, as a
result from the research in this chapter and the given baseline, a customization of Table 3 is required.
The obvious differences to the four different assessed operational directions from typical swiss farms
in Section 2.4 allows an elimination of measures prior to the workshop with the future tenant. The
absence of cattle allows to disregard all measures directly or indirectly associated to livestock
husbandry. Moreover, the heat recovery measure, where energy from heated and ventilated stables
is recovered, does not make an impact. Horses are steppe animals and can withstand large
temperature differences. Thus horse husbandry does not require any heating (“Ein Pferdestall zum
Wohlfühlen,” 2017). The prior eliminated measures are listed in Table 5 below.
Table 5 - The prior eliminated measures in the selection process

Heat recovery
Certified milk production
Stable management

Disregarded measures
Increased lactations
Cover up slurry tank
Phase feed concept

In return the remaining 14 proposals were complimented with three measures related to horse
husbandry resulting from Sections 2.6 and 2.7. The measures are the following:
Biogas Production
According to Section 2.7 anaerobe fermentation of horse manure allows to reduce the direct
emissions in the atmosphere. The resulting biogas can substitute fossil fuels. In addition, the
fermentation residues of the biogas production process can be used to substitute mineral N fertilizer.
A drawback is the need for transportation of manure and residues to the production site and back to
the farm.
Aerobe manure composting
Managed manure emits much less GHG emissions into the atmosphere as the conventional
unmanaged manure storage as explained in Section 2.7. Moreover, active Mixing, turning and
aeration of the pile fosters the efficiency of the composting process. The resulting compost can be
used to fertilize soils and pasture. Thus, the use of mineral fertilizer can be reduced. The healthier
soil and grass are, the higher is its carbon storage capacity. This measure aims to apply active, aerobe
manure composting.
Wood shaving bedding
Straw is the most common bedding material in horse husbandry in Switzerland. This measure aims to
replace straw by domestic wood chips. The substitution has shown a significant reduction potential
as described in Section 2.6. Domestic wood chips, as by-product from wood processing, shows not
only the lower preload from the transportation and production process. Moreover, its higher suction
effect decreases the annual material consumption.
The resulting customized set of measures contains 15 proposals. The two measures “biogas
production” and “use of fermentation residues” are congruent and aim for the same emission
reductions. Since they are closely related to each other, they are considered as one single measure
and hereinafter designated as biogas production. The resulting measures are listed in Table 6Table 6.
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Table 6 - Resulting collection of measures for evaluation in the workshop

Area
Energy

Horse husbandry
Plant cultivation

Miscellaneous

Moehr Fortunat

Measure
Green electricity
Machinery fuel consumption
Machine utilization optimization
Solar thermal collector
PV
Wood production (Forest)
Biogas production
Wood shavings bedding
Aerobe manure composting
Parcel-specific fertilization
Uninterrupted reseeding
Reduce mineral N-fertilizer
Drag hose
Green fertilizing
Agroforestry systems
Vegetable carbon
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Several methods will be used to assess the impact of the relevant carbon footprint reduction
measures on the standard business plan for the horse pension.
Table 7 provides a summary of chosen processes and the corresponding methods.
Table 7 - Overview of selected methods

Processes
Analyze current situation

Methods
Literature research

Standard business plan development
Identify relevant measures to reduce carbon footprint
Selection of measures
Impact assessment and identification of deviations

Workshop with future tenant
Literature research
Workshop with future tenant
Determine affected sections and
evaluate magnitude of its effects
on standard business plan

The following paragraphs in this chapter explain the reasoning behind the choice of the respective
methods in this report and provides detailed information about the application.
3.1

Literature research project background

Gathering information about the estate allows to understand the given situation. The land register
and area plan provide information on the legal situation within the respective zone and indicate
possibilities and limitations of the operations. Hazard Maps created by the cantonal authorities allow
to detect potential natural and technical risks. The available and existing documentation of the
estate made by the future tenant creates a deeper understanding of the present situation. It
comprises several aspects such as a detailed picture of the estate, nutritional balance, fertilizer plan,
soil science, livestock farming, feeding, forage growing, ecology, machinery and cost aspects, working
hours, direct payments and operational plan. This research will deliver the necessary data to develop
the standard business plan and sets the framework for this case study.
3.2

Business plan development

A business plan is an important tool to support decision makers and allows to make
appropriate operative decisions. According to the Federal Department of Economic Affairs, Education
and Research (EAER) it indicates the means by which a business idea shall be realized. A business
plan contains information about the strategy, the market, planned investments and financing. The
business plan light template for small enterprises, provided on the portal for small and medium sized
enterprises, fits to the project regarding its complexity and size(UBS & IFJ, n.d.).
Moreover, the tabular representation allows a simple identification of deviations as described in
Section 1.5. A workshop with the future tenant ensures that the developed business plan meets his
aims and targets. The objectives are described as specific, measurable, achievable, realistic and timebound (SMART) (CMI, 2011).The workshop covers all the relevant aspects of the business plan. A
review of the business plan after completion is carried out to validate the result. This business plan
represents the baseline for further evaluations and is referred to as standard business plan.
3.3

Literature research on carbon footprint reduction measures

Research in the agricultural sector allows to identify commonly used measures to reduce the carbon
footprint. Different greenhouse gases vary in how long they remain in the atmosphere and their heat
radiation absorption potential as explained in Section 2.1. Using the concept of CO2-equivalents we
can express the total emissions having global warming potential. Thus, not only CO2 emissions but
also other greenhouse gases like CH4 and N2O are considered. The measures from the general
agricultural sector concerning livestock will be replaced by horse husbandry related measures. Thus,
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measures concerning the specific case of a horse pension and the associated activities are evaluated
to complete the picture. Moreover, it allows not only to prior eliminate measures which will
obviously have no effect on the estates GHG emissions, but also to add on new detected measures.
3.4

Selection of measures

The resulting list of proposed measures for the operation as a horse pension will be evaluated in a
second workshop with the future tenant. The different stages illustrated in Figure 12 represent the
different criteria in the selection process. The practical feasibility of the measures was initially
assessed. Consequently, measures regarded as not feasible are not evaluated further. Feasibility is
assessed in terms of the intended land cultivation methods, the available resources, the
infrastructure and machinery and the tenant’s personal capabilities. In addition, it is determined
whether the measure is already complied with in the initial situation. This ensures that only
measures are further processed which are untouched until now, aiming to achieve the biggest
potential impact in terms of GHG reduction. The remaining measures which have not yet been taken
into consideration, but which are feasible in principle will be examined more in detail. Only measures
without expected significant negative side effects will ultimately be evaluated further.

Figure 12 - The applied selection process in the workshop with the future tenant

3.5

Impact assessment

The previously selected measures are analyzed in detail. In this way, it can be determined which
parts of the standard business plan are affected and thus the extent of the impact can be assessed.
The results, expressed numerically wherever suitable, indicate the effectivity of the measures.
Moreover, deviations from the standard business plan which are not clearly quantifiable can be
identified. This allows to comment on the results from the perspective of the owner and the future
tenants.
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Results
Assessment workshop of measures

This section explains the reasons for the ultimate choice of the measures evaluated in a workshop
with the future tenant. The given situation, the intended type of activities specified in the standard
business plan and the future tenant’s expert knowledge are the decisive features.
Four measures are classified as not feasible. The estate has in total 2.09ha of forest for a potential
increase in wood production as described in Section 1.3. Nonetheless the management of the forest
is the responsibility of the local forestry office. In addition to this contractual agreement, the future
tenant has neither the equipment nor the training for forestry, so this method is not feasible. As the
entire cultivated agricultural land is used for grassland, no crop rotation is applied. The absence of
special intercrops as well as leguminous crops, which can be used as plant-based nutrition for the
soil, eliminates the green fertilizer method. Moreover, under normal conditions, there is no need for
reseeding grassland. Thus, the uninterrupted reseeding method is redundant. Horse husbandry, in
comparison to cattle farming, does not produce liquid manure. The manure produced is solid and
distributed by a manure distributor, while the drag hose process is based on manure dispersion
through pipes, so this process is not applicable. Table 8 summarizes the measures categorized as not
feasible and therefore not further processed.
Table 8 - Summary of measures considered as not feasible for implementation

Wood production (Forest)
Uninterrupted reseeding

Not feasible measures
Drag hose
Green fertilizing

The remaining twelve measures were all considered feasible. However, some of the measures are
already being fully or partially implemented by the current tenant and are therefore not taken into
account as they are already fully or partially integrated into the standard business plan. The following
paragraph explains which measures are already practiced.
The tractor is the main working machine for operations. With the bundle of machinery sold by the
current tenant comes a Fendt 211 Vario TMS year 2013. In comparison to the often obsolete
machines, this tractor is state of the art in terms of fuel consumption. Moreover, it is equipped with a
continuous VARIO drive gearbox, which allows a steady operation of the motor within its most
efficient range and thus reducing fuel consumption (Landwirt, 2013). Sharing of machinery is
according to personal information already partially practiced with some of the neighboring farmers
and shall be continued in order to avoid excessive machinery costs and low utilization levels. Active
management of the manure pile in terms of mixture, temperature and humidity is already being
practiced to achieve efficient aerobic manure composting.
The entitlement for agricultural demand direct payments requires approval of ecological
performance. This includes regular soil analyses which allow a balanced use of fertilizers on individual
parcels in order to avoid incorrect or excessive use of fertilizers. The grasslands are currently
fertilized with minimal amount of mineral N-fertilizer. Since groundwater contamination must be
avoided under any circumstances the use of mineral N-fertilizer is conservative.
As summarized in Table 9, a total of seven measures are considered as feasible and not yet
considered in operations. Nevertheless, expected undesired side effects associated with three
measures led to their elimination. The following paragraph explains the decisive respective factors.
In addition to the expected GHG savings, agroforestry systems also have other important side effects.
On the one hand, fruit trees on pastures are welcome sources of shade for horses, and additional
trees lead to higher direct agricultural payments. On the other hand, the excessive and hastily
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consume of fallen fruits can cause obstructions, a life threatening blockage of the horses throat.
Fallen fruits do also attract wasps and bees. In case of accidental swallowing, a horse can get stung in
the mouth or throat, which can cause allergic reactions (Klabunde, 2012). The increased workload of
adequate fencing in the pasture to avoid hazards to the horses, fruit harvesting and manual mowing
around trees are undesirable and outweigh the benefits so that no additional trees are planted.
Biogas production makes sense, when the transportation distances between the farm and the
production facility are short, since the main effect of this measure is to substitute fossil fuels such as
diesel. The “Weiherhus-Kompost AG”, located 3.1 km away from the estate, is the closest biogas
production site. The facility operators charge 40 CHF per ton of horse manure disposal
(“Annahmepreise 2019,” n.d.). The procurement of digestate in exchange for compostable material is
not possible. Moreover, being a supplier of compostable material does not mean that the achieved
biogas yield or compost is refunded. Beside the cost of the disposal, the cost of transportation and
the substitution cost of farmyard manure, used to fertilize the agricultural land, occur. Consequently,
this method is classified as economically not desirable. A similar situation arises for the use of
vegetable carbon. Vegetable carbon must be bought externally, leading to a surplus of the estate’s
nutrition balance. Consequently, the occurring horse manure has to be exported, which leads to the
same effect as the previous mentioned biogas production. The remaining measures, highlighted in
blue in Table 9, will be assessed in detail in Section 4.2.
Table 9 - Assessment summary of workshop with the future tenant

Area
Energy

Horse
husbandry
Plant
cultivation

Miscellaneous
4.2

Measure

Feasible

Green electricity
Machinery fuel consumption
Machine utilization optimization
Solar thermal collector
PV
Wood production (Forest)
Biogas production
Wood shavings bedding
Aerobe manure composting
Parcel-specific fertilization
Uninterrupted reseeding
Reduce mineral N-fertilizer
Drag hose
Green fertilizing
Agroforestry systems
Vegetable carbon

X
X
X
X
X

Not feasible

Already
practiced
X
X

X
X
X
X
X
X
X
X
X
X
X

Impact calculation of selected measures

The impact in terms of GHG savings and costs of the remaining measures resulting from the prior
selection process are calculated in this section. The standard business plan and the fully developed
operations to be expected in year 3 serve as a basis for calculation. Current data is used for relevant
prices. Calculated key figures are the annual GHG saving potential, annual profit, annual avoidance
cost per kg CO2 and the payback period in case of profitable measures.
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Green electricity consumption
In order to reduce the GHG emissions from electricity consumption, the conventional “Graustrom”
energy mix from provider EWL will be replaced by the “Naturstrom” offer to cover for the annual
demand of 7700KWh. “Graustrom” is produced by nuclear energy, waste incineration and various
other non-renewable energy carriers. Its exact composition is not guaranteed (EWL, 2019a). The
“Naturstrom” offer in contrary is sourced entirely from certified swiss hydropower plants,
complimented with renewable energy from wind, sun and biomass. Its emissions sum up to 0.019 kg
CO2 / KWh (EWL, 2019b). “Graustrom” is responsible for 0.269 kg CO2 / KWh (EWL, 2019e). The
corresponding electricity prices are determined by the energy providers classic price model (EWL,
2019d). The values chosen for calculation are listed below.
Annual electricity consumption:
Price “Graustrom”:
Price “Naturstrom”:
C02 emissions “Graustrom”:
C02 emissions “Naturstrom”:

7700 KWh
21.73 Rp / KWh
22.48 Rp / KWh
0.269 kg CO2 / KWh
0.019 kg CO2 / KWh

Annual GHG saving potential:
Annual electricity consumption x (C02-emissions “Graustrom” - C02 emissions “Naturstrom”)
7700 KWh x (0.269 kg CO2 / KWh - 0.019 kg CO2 / KWh) = 1925 kg CO2
Economic impact:
Annual profit = Annual electricity consumption x (Price “Graustrom” - Price “Naturstrom”)
Annual profit = 7700 KWh x (21.73 Rp / KWh – 22.48 Rp / KWh) = - 5775 Rp = - 57.75 CHF
Annual avoidance profit per kg CO2 = - 57.75 CHF / 1925 kg CO2 = - 0.03 CHF / kg CO2
Photovoltaics
This measure comprises the installation of PV panels on one half of the biggest present south aligned
building, which is in this case the riding hall. In order to calculate the expected yield, the
“Solardachrechner” tool provided by “EnergieSchweiz” is used. The PV system is designed to produce
electricity for direct household consumption without storage. The excess energy will be fed into the
grid. If the electricity demand exceeds the production yield, electricity from the grid is consumed.
The tool assumes a daily electricity demand of 2.5 KWh per person in the household, such that a total
of 8 residents (7300 KWh) are best possible representing the estates expected annual electricity
demand of 7700 KWh. The simulation uses the postal code and the buildings orientation to calculate
the expected solar yield. It also accounts for a decrease in solar yield towards the end of the 30-year
lifespan. In addition, stochastic electricity profiles influence the outcome. The feed in tariff is
assumed to be constant. It consists of 5 Rp / KWh for actual electricity plus 6 Rp / KWh for the
certificate of origin, summing up to 11 Rp / KWh (EWL, 2019f). The price for the consumed electricity
is assumed to be constant at 21 Rp / KWh. The simulated system and the corresponding details are
illustrated in Figure 13.
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Figure 13 - Roof calculation & PV system design (adapted from “Benutzerdokumentation”, 2018)

The following simulation parameter were chosen in order to create a best fit to the given situation:
Location: 6014
Technology: Photovoltaics
Residents: 8
System: Household electricity
Orientation: South-east 45°
Roof inclination: 35°
2
Covered roof area: 300 m
Panel efficiency: 21%
Feed in tariff: 11 Rp / KWh (fixed)
Electricity price: 21 Rp / KWh (fixed)
Marginal tax rate: 20%
Taxable income: 73000 CHF
The simulation delivers a net solar output of 41164 KWh per year. An expected proportion of selfconsumption of 8.8 percent of total production allows to feed in the remaining 37538 KWh into the
grid. The self-consumption of 3626 KWh represents approximately half of the total demand.
Annual GHG saving potential:
The simulation calculates savings of 19018 kg CO2 per year.
Economic impact:
The cost calculation for a lifespan of 30 years is displayed in Table 10 below.
Table 10 - Cost calculation for the simulated PV system, assuming a lifespan of 30 years

Type
Initial investment
Operating expenses
One-time remuneration
Tax savings
Savings self-consumption
Feed in yield
Profit

Unit
CHF
CHF
CHF
CHF
CHF
CHF
CHF

Value
- 79500
- 27654
17900
6985
32485
138044
88260

Net investment = Initial investment - One-time remuneration - Tax savings
Net investment = 79500 CHF – 17900 CHF - 6985 CHF = 54615 CHF
Annual profit = Savings self-consumption + Feed in yield – Operating expenses
Annual profit = 1083 CHF + 4601 CHF – 922 CHF = 4762 CHF
Payback period = Net investment / Annual profit = 54615 CHF / 4762 CHF = 11.5 years
Annual avoidance profit per kg CO2 = 4762 CHF / 19018 kg CO2 = 0.25 CHF / kg CO2
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Solar thermal collector
This measure aims to generate the necessary heat demand by solar energy using tube collectors. In
order to calculate expected yield, again the “Solardachrechner” tool provided by “EnergieSchweiz” is
used. The simulation showed in general very long payback periods, exceeding the remaining years
until retirement of the future tenant. The assumed lifespan of the solar thermal collector system is
30 years. Since a financial return for the investment is desired, the option is designed for a maximal
payback period of 30 years. Thus, the size of the system allows not to substitute the total heat
demand covered by fossil fuel as initially intended. An additional burner ensures sufficient water
temperature if the demand exceeds the solar supply. In this case a gas condensate boiler is assumed
due to the existing gas connection. The gas price is calculated by the providers price per KWh (EWL,
2019c) and the energy density of natural gas (Andresen, 2010). Moreover, the latest available
building type was chosen to simulate the energy demand of an extensive, new refurbished old
building. The solar thermal collectors heat up the water tank bottom up. The warm water supply,
which is assumed to be 50 liter per resident and day, is connected to the top of the tank. The heating
demand is covered by a lower temperature supply from the middle of the water tank. The simulated
system and the corresponding details are illustrated in Figure 14 below.

Figure 14 - Solar heat system design (adapted from “Benutzerdokumentation”, 2018)

The following simulation parameter were chosen in order to create a best fit to the given situation:
Location: 6014
Technology: Solar heat
Residents: 3
System: Warm water & heat
Orientation: South-east 45°
Roof inclination: 35°
Building type: 2000 – 2014
Collector type: tube collector
Living area: 270 m2
Gas price: 102 Rp / m3
Marginal tax rate: 20%
Taxable income: 73000 CHF
The simulation led to a solar coverage ratio of 13 %, resulting from an annual solar yield of 2398KWh.
15924 KWh of heat energy is still produced by the additional gas burner to cover for the total annual
heat demand of 18322 KWh.
Annual GHG saving potential:
The simulation calculates savings of 503 kg CO2 per year.
Economic impact:
The cost calculation for a lifespan of 30 years is displayed in Table 11.
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Table 11 - Cost calculation for simulated solar thermal system, assuming a lifespan of 30 years

Type
Initial investment
Operating expenses
Cantonal subsidies
Tax savings
Savings self-consumption
Synergy effects
Profit

Unit
CHF
CHF
CHF
CHF
CHF
CHF
CHF

Value
- 19200
- 3339
3090
2560
9923
7089
123

Net investment = Initial investment – Cantonal subsidies - Tax savings
Net investment = 19200 CHF – 3090 CHF -2560 CHF = 13550 CHF
Annual profit = Savings self-consumption + Synergy effects – Operating expenses
Annual profit = 331 CHF + 236 CHF – 111 CHF = 456 CHF
Payback period = Net investment / Annual profit = 13550 CHF / 456 CHF = 29.7 years
Annual avoidance profit per kg CO2 = 456 CHF / 503 kg CO2 = 0.91 CHF / kg CO2
Swiss wood chips bedding
This measure substitutes the current used straw as bedding material for horses with domestic wood
chips. Upon request at potential suppliers, domestic wood chips are only delivered as loose material.
Since they arrive directly from wood processing plants, they contain dust particles. Dust extracted
wood chips, packed in bags are only available from foreign manufacturers and are not produced in
Switzerland anymore. The available wood chips used in this calculation are of German origin. The
price offered incorporates delivery at the farm gate. The calculation considers year 3 of operation
with 8 rented boxes. It assumes a consumption of 9.5 kg straw per day and horse for the standard
case. The wood chips scenario assumes 5 kg per day and horse. The two private owned horses by the
tenants are not considered in order to ensure consistency with the calculations in the standard
business plan.
Annual straw bedding consumption:
Annual wood chips bedding consumption:
Price straw:
Price wood chips:
Annual C02 emissions standard case:
Annual C02 emissions wood chips bedding case:

27812 kg
14600 kg
0.18 CHF / Kg
0.42 CHF / Kg
19200 kg CO2e
17600 kg CO2e

Annual GHG saving potential:
Annual C02-emissions standard case - C02 emissions wood chips bedding case
19200 kg CO2e -17600 kg CO2e = 1600 kg CO2e
Economic impact:
Annual profit = (Annual straw bedding demand x Price straw) –
(Annual wood chips bedding demand x Price wood chips)
Annual profit = (27812 kg x 0.18 CHF / Kg) – (14600 kg x 0.42 CHF / Kg) = - 1125.84 CHF
Annual avoidance profit per kg CO2 = - 1125.84 CHF / 1600 kg CO2 = - 0.70 CHF / kg CO2e
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The resulting values of the individual measures are summarized in Table 12. The annual GHG savings
as well as the annual profit represent the difference of applied measures, calculated with respect to
the given situation and the defined values in the existing business plan.
Table 12 - Summary of key figures

Measure

Green Electricity
Photovoltaics
Solar thermal collector
Wood chips bedding
4.3

Annual GHG
savings
(kg CO2)
1925
19018
503
1600

Annual profit
(CHF)

Annual avoidance profit
(CHF / kg CO2)

- 58
4762
456
- 1126

- 0.03
0.25
0.91
- 0.70

Payback
period
(years)
11.5
29.7
-

Deviations from standard business plan

This section shows how the individual measures analysed in Section 4.2 influence the standard
business plan.
In general, it can be said that some sections of the business plan are affected by all four measures.
The reduction of greenhouse gas emissions allows a differentiation from competitors, attracting
horse owners having strong environmental consciousness. The value proposition can be expanded
with regard to the careful treatment of the environment. Thus, the new value proposition could be:
“Respectful and competent interaction between human, animal and nature”. It opens new
possibilities for promotion. For example, reports in environmental magazines. The resulting public
awareness and perception can have positive influence on the occupancy rate. These common factors
are not transferred into numerical values due to the universality of the effects.
In contrary, the chosen measures have other individual impacts, revealed after integration into the
standard business plan. Those are reasonable to transfer into figures. Using the resulting numerical
values, summarized in Table 12, consequently allows to adapt the budget calculation used for the
standard business plan. These quantifiable economic impacts are depicted below.
Green electricity
The decision for the consumption of green electricity does not add any additional cost or income to
the operations beside the procurement costs for electricity. Thus, also the net profit is decreased. No
other additional complexity is expected.
Photovoltaics
The electricity production requires a total capital of 79500 CHF for the system installation. After 11.5
years the investment has paid off. The expected annual profit is 4762 CHF resulting from a decrease
in electricity purchases by 1083 CHF plus the feed in yield of 4601 CHF minus 922 CHF of operating
expenses. From the initial investment 6985 CHF of expected tax savings and a one-time
remuneration of 17900 CHF are deducted, resulting in a net investment of 54615 CHF. The capital is
assumed to be equity. The cost of capital is disregarded. The high investment costs can negatively
affect the liquidity and substantially increase the insolvency risk.
Solar thermal heat
The solar thermal collector system requires an initial investment of 19200 CHF. The investment pays
off after 29.7 years. A decrease in gas purchase costs of 331 CHF, synergy effects of 236 CHF, such as
the reduced stress for the installed boiler and the deducted operating expenses of 111 CHF sum up
to the expected annual profit of 456 CHF. The subtraction of 3090 CHF cantonal subsidies and 2560
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CHF of expected tax savings result in a net investment of 13550 CHF. The cost of capital is
disregarded. The relatively low investment costs will influence the liquidity such that the insolvency
risk is slightly increased.
Wood chips bedding
Wood chips ease the cleaning process of the boxes which is done repeatedly every day. This allows to
decrease the workload for the horse care by 5%. The decrease is based on the assumption that a
working day has 8 hours. The estimated clean out time per box is 5 minutes. Three clean outs per day
and 8 occupied boxes are assumed. It results in a total daily clean out time of 2 hours. An estimated
saving of 1 minute per box decreases the working time by 24 minutes which is equivalent to 5%. This
causes a decrease of annual wage expenses of 1968 CHF. The substitution of straw results in an
increase in expenses of 1126 CHF. The accumulation of impacts in the affected sections of the
standard business plan show a difference of 842 CHF per year. This means that the higher purchase
expenses can not only be compensated by the decrease in wage expenses, but also result in a profit
increase.
Table 13 - Summary of deviations from the standard business plan for individual measures

Section
1.5
Key actors
5.1
Infrastructure
5.2
Milestones
6.1
Production
6.2
Procurement
7.1
Budget
8.1
Capital need
8.2
Capital source
9.1 Risk
4.4

Green electricity

Photovoltaics

Solar thermal
collector

System installation

System installation

Feed in yield
= 4601 CHF
Cost increase
Electricity purchase
= 57.75 CHF
= - 1083CHF
Net annual profit Net annual profit
= - 57.75 CHF
= 4762 CHF
Investment cost
= 79500 CHF
Capital sourcing
Equity
Capital demand
Large risk increase

Gas purchase
= - 331 CHF
Net annual profit
= 456 CHF
Investment cost
19200 CHF
Capital sourcing
Equity
Capital demand
Small risk increase

Wood chips
bedding
Workload groom -5%
= -1986 CHF

Substitute straw
= 1126 CHF
Net annual profit
= 846 CHF

Main findings

The chosen measures vary widely in their GHG reduction potential. Clearly the highest annual
potential of 19 tons of CO2 is associated to the PV measure. The large feed in reduces the providers
purchase demand of non-renewable electricity. Followed by the green electricity consumption with
1.9 tons per year. The certified “Naturstrom” production emits 93% less greenhouse gases than the
conventional “Graustrom” and is very easy realizable. The wood chips bedding method reaches
annual CO2 savings of 1.6 tons compared to the current straw bedding. The effect is halved due to
the unavailability of domestic wood chips. Despite the limited size of the solar thermal heat system,
it saves half a ton of CO2 per year. The heat demand far exceeds the generated heat. Gas is still the
dominant heat source. Thus, the reduction potential is little.
The addition of all individual annual GHG savings sum up to considerable 23 tons of CO2.
The implementation of the measures opens new marketing possibilities. The numerical effect of this
possibilities is not clearly assessable and can only be estimated. The results show that it is in some
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cases possible to increase the profit with CO2 saving measures. As expected, the green electricity
method only affects the cost side. It does not result in a profit.
The installation of the PV system shows clearly the highest annual CO2 savings as well as the largest
annual profit. The relatively short payback period of 11.5 years is mainly due to the large feed in yield
of produced solar electricity. The large feed in is also responsible for the low avoidance profit of 26
Rp / kg CO2. The required capital for the initial investment is assumed to be equity. This leads to a
large increase in the insolvency risk.
Thermal heat systems show in general long payback periods. In search of profitable measures, the
payback period must not exceed the assumed lifetime. This limiting factor leads to a system, only
covering 13% of the heat demand by solar energy, with a relatively small annual profit. Due to the
low self-consumption coverage rate also the annual CO2 savings are low. Consequently, this leads to
a high annual avoidance profit per kg of CO2.
Wood chips lead to an increase in cost. The assumed simplified procedure allows to decrease the
workload factor for horse husbandry by 5%. The decrease in wage expenses exceed the increase in
purchase cost such that this method results in a net annual profit. Thus, the initially in Section 4.2
calculated annual avoidance profit per kg CO2 of -0.7 CHF is not valid anymore. The net annual profit
of 846 CHF turns the annual avoidance loss into a profit of 0.52 CHF per kg CO2.
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Discussion of results
Measure selection

As expected, data on greenhouse emissions caused by horse husbandry and related activities is
scarce. No data for a similar case could be found in order to evaluate the effectiveness of individual
measures. The planned approach of the adaption of common measures from the agricultural sector
has proven to be right.
The initial list of proposed measures from the agricultural sector is based on current knowledge and
expert evaluations initiated by IP Suisse and validated by the Saxon case. IP Suisse represents an
agricultural producer association and is consequently focusing on agricultural production. This led to
target conflicts. Measures having large potential but causing a significant production reduction were
not considered at all. The choice of proposed measures is influenced by the given baseline and EWL’s
guidelines. The choice of ultimately assessed measures in the workshop depend on the future
tenant’s current expertise and the intended activities. It might be reasonably assumed that the
choice of measures would result in a different outcome after the takeover. A higher level of
experience and the detailed insight into the farming activities might reveal realistic production
alternatives in the long run.
The absence of livestock and crop cultivation as well as the necessary actions going along with the
proof of ecological performance give the impression that the emissions estate are rather low
compared to conventional agricultural activities. Moreover, it must be noted that the current tenant,
contrary to the initial assumption, manages the estate in such a way that five of the proposed
measures are already fully or partially practised. These partially practised measures were eliminated
in the selection process. Nevertheless, an intensification of partially practised measures might as well
have significant potential to decrease both GHG emissions and costs. Especially the optimization of
machinery utilization is assumed to have still large unexploited potential regarding the grey energy
content.
Combination of measures
In general, the combination of measures is possible. Due to overlapping in the affected sections, as
summarized in Table 13, the combination of measures would require further investigations to
overcome impairments. For instance, the biggest present south aligned roof is used for the PV and
the solar thermal heat measure. In contrary, potential synergy effects could be of interest. As an
example, the excess solar electricity, produced by the PV system, can be used to provide the
necessary additional electricity to run a heat pump for the solar thermal heating system. Further
research could identify promising combination scenarios.
5.2

Impact assessment

The resulting figures are based on current price levels, assuming no change over time which does not
reflect the development of market prices. The price for energy consumption as well as for feed in of
produced electricity in the PV case has a significant impact on the profitability of the individual
measures. Increasing electricity prices would positively affect the calculated results since higher
savings through self-consumption can be realized. Consequently, the payback period could be
reduced.
It remains unclear how the “Solardachrechner” tool calculates the annual CO2 savings. Moreover, the
simulation has its limitations with regard to the detailed entry of data as well as the selection of
available options. For example, the choice of 8 persons in the household for the PV case does
approach the estimated electricity demand for the estate, but it does most likely not reflect the
actual load profile. The exact determination of the electricity load profile and the introduction of
electricity storage options could increase the self-consumption coverage ratio significantly. The solar
thermal collector method could be modified by replacing natural gas for the additional burner by
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biogas. Also, a substitution of the gas burner by a heat pump could lead to higher GHG savings. A cost
analysis over the entire lifetime would be necessary to assess the economic impact.
Overall it has to be noticed that the simulation tool has the ultimate intention to foster renewable
energy. Consequently, the simulated results might have an optimistic tendency. They must be
regarded with caution as the detailed calculation basis is not accessible.
The sourcing of wood chips has a significant impact on the GHG saving potential. The missing
opportunity to purchase dust free, domestic wood chips halves the possible GHG reduction.
Moreover, the high prices per kg reduces the attractiveness. An easing in the price development is
not expected. Wood chips became a popular fuel for wood-fired heating systems and compete with
the demand for bedding material. The existing woodlands in parcel 459, managed by the local
forestry office, or a partnership with a local wood processing factory could be a potential source to
access domestic wood chips to favourable conditions. The direct access to domestic, most probably
loose wood chips, might cause a need for additional investments. Beside an appropriate storage
opportunity, such as a silo, it requires a dust absorbing treatment. Furthermore, it has to be
determined if the wood chips, as replacement for straw, affect the quality of the horse manure as
fertilizer.
The integration of measures opens new positioning and marketing possibilities. It allows to
differentiate from competitors and extend the value proposition with an environmental aspect. It is
unclear to what extent this affects the operational results. The new accessible, environmentally
friendly customer segment could positively contribute to a high occupancy rate. Even though the
environmental consciousness is widely spread, it must be doubted that the willingness to pay from
horse owners is substantial. Thus, a rent increase, on the ground of GHG reduction measures,
probably finds no understanding.
Capital sourcing
The access to financial resources can restrict investments in infrastructure. Thus, the question of the
appropriate capital sourcing arises. In the PV and solar heat case, the cost of capital for the necessary
investments is not respected. The capital requirement for the PV measure significantly exceeds the
initial investment for the solar thermal installation. Consequently, the increase in insolvency risk is
much higher. External capital sources, especially for the expensive PV system, could avoid such
incurring financial bottlenecks. The capital cost must be respected.
Budgeting approach
The budget from the standard business plan shows, even in year 3 under full capacity, a net loss. This
creates the impression that bankruptcy is the logical consequence. It must be noted that the budget
is a mixed approach. The income from the main occupation of the male tenant is used to cross
subsidize the farming activities, as it is often the case for agricultural sideline businesses. The
development of expenses from year 1 to year 3 show that the influence of the occupancy rate does
not significantly affect the cost side. In contrary the generated income does heavily depend on the
number of rented boxes. In this context also the opportunity cost for the two private used boxes for
future tenants’ horses must be mentioned. Furthermore, the tenants living expenses are reduced
since the rent expenses and auxiliary costs are integrated in the mixed budget. Nevertheless, it
excludes most of the common living expenses. For example personal taxes, health insurance, liability
insurance, communication and entertainment, broadcasting fees, public transportation, feed &
household expenditures, personal expenses, reserves for franchise costs, leisure activities and the
unexpected, pet expenses, vehicle expenditures, holidays, supplementary insurance, savings, pension
provision, professional development, and work related expenses. Thus, beside the occupancy rate,
also the height of the male tenant’s primary income as well as the couples living expenses are
substantial factors for the achieved financial results. A detailed analysis would be necessary to clarify
the expected annual net profit.
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Annual avoidance profit
The calculated annual avoidance profit per kg of CO2, summarized for all measures in Table 12, can
be misleading. Low annual GHG savings automatically lead to higher values. Moreover, it disregards
the extent of the initial investment. Thus, the figures are not meaningful for a quantitative
assessment for the given baseline.
5.3

Main findings

The carbon footprint of the estate is lower as expected and can be further reduced with the analysed
measures as well as with an intensification of already partially practised measures such as the
increase in machinery utilization. Beside the green electricity consumption method, all measures
ultimately lead to a decrease in operational expenses given the assumed lifetimes and the current
energy prices. A key factor is the capital sourcing, allowing to make the necessary initial investments
in the infrastructure. A combination of the individual assessed measures can increase the GHG saving
potential making use of synergies. A value for the increase in the horse owner’s willingness to pay for
the created additional value by reducing the carbon footprint could not be assessed. It could be of
vital importance as the income generated by rented boxes is the main revenue contributor.
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Conclusions

It is not only from an environmental perspective beneficial to strive for further GHG reduction. The
case study for this specific case of horse pension proves that a decreased carbon footprint can also
be of interest from an economic perspective. To achieve this, investments in the infrastructure are
necessary, whereas the access to capital is a key question. It is not clear if the emission reduction
efforts will be reflected in the customers willingness to pay. The individual GHG saving potentials sum
up to 23 tons per year. This represents approximately one and a half times the average of
consumption-related greenhouse gas emissions per capita in Switzerland. Synergy effects have the
potential to increase the effectivity.
From the owner’s perspective it can be said that the integration of the selected measures
corresponds with their guidelines. Moreover, significant reductions of the carbon footprint can be
achieved. The measures do not inhibit a long-term cooperation. On the contrary, since the
investments are profitable over the long run, they foster long term planning. No harm of the given
guidelines, such as acces to the property, sustainability and energy demand, are recognizable.
Nevertheless, the results highlight some central points. An accurate prediction of the change in
manure properties, caused by the replacement of the straw, cannot be made. Since the reviewed
literature delivered no indications of negative effects, it is assumed that wood chips do not affect the
groundwater quality. The mandatory changes in infrastructure would require the owner’s approval,
the respective know-how for local energy production and a construction permit. Since the estate is a
rental property the question arises of who is responsible to make the necessary investments. The
measures and the corresponding carbon footprint reduction represent not only the future tenants
believes, he also benefits from the investments since they are profitable in the long run.
Nevertheless, large investments could create financial bottlenecks and increase the bankruptcy risk.
The resulting net loss after operations has to be put into relation to the mentioned cross-subsidized
budget. The actual resulting net profit after the takeover and the access to capital are assumed to be
the restraining factors when the respective decisions have to be made. Moreover, externalizing costs
associated with carbon footprint reduction is most likely very limited.
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Recommendations

The results lead to the recommendation of a further assessment of reasonable combinations of
measures. Beside combinations also modifications of the selected measures shall be considered. In
particular sourcing options of domestic wood chips at favourable conditions, electricity storage
options and the replacement of the gas burner by a heat pump. The replacement of straw changes
the manure properties. Thus, it has to be assessed how this affects the manure quality and the
corresponding fertilizer properties.
A clarification of the responsibility for the necessary investment in the infrastructure is
recommended, since access to capital is the limiting factor for investments. Therefore, the exact
determination of the financial perspective of the future tenant with regard to the incomplete picture
caused by the mixed budget approach is suggested. This contains also the assessment of the
willingness to pay for environmental effort and the resulting realizable income increase.
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Business plan

Horse Pension Thorenberg
Thorenbergstrasse 3, 6014 Luzern

Author: Fortunat Moehr
Date: June 7th, 2019
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1. Product / Company Overview
Keyword Question
1.1
Project facts:
Company
1.2
Sector

1.3
Vision

1.4
Financial
benchmarks
1.5
Key
actors

Moehr Fortunat

Description
Start of operations:

Number of employees:

March 1st, 2020

Legal form:

2

Individual company

What is the nature of
business we are operating?
What is our main offer?
Customer target group?
What do we want to
achieve? What are the longterm goals?

Sector:

Main offer:

Target customers:

Horse management
& farming

Rent horse boxes

Private horse owners

What is the initial occupancy
rate?
What is the current income
due to the core business?
Other income sources?
Which persons act in which
role in order to run the
business successfully?

Occupancy rate:

Core business income:

Other income sources:

25%

2 x 850 CHF / month

Agricultural direct payments

(2 / 8)

= 20’400 CHF / a

13’000 CHF / a

Details
(WBF,
2018)

We want to become a regional known horse pension with high occupancy rate.
Occupancy rates:
Year 1 = 50%
Year 2 = 75%
Year 3 = 100%
(in total 10 boxes, 2 meant for internal use: Thus, 100% occupancy rate = 8 boxes rented)
(Agridea,
2017)

Name

Role

Workload

Samuel Möhr

Land cultivation, building maintenance

30%

Barbara Zemp

Horse care, customer service

20% -100%
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2. Current situation / future situation
Keyword Question
2.1
What are our strengths?
Current
situation
What are our weaknesses?

2.2
Situation
in 3
years?

Moehr Fortunat

Description
Advanced expertise in horse husbandry.
Good equestrian sector knowledge and network.

Details

The access from the estate to ride treks is not ideal. Riders must follow a short distance along a
busy road and cross a main road in order to reach the treks.

Who is our main
competitor?

Main competitor:

Turnover core business:

Competitors advantage:

Bieri Urs
Untergadenmatt
6014 Luzern

10 x 8’00 CHF
= 96’000 CHF / a

Modern infrastructure
Outdoor riding arena (20m x 40m)

How do we differentiate
ourselves from the main
competitor?

Expertise:
Infrastructure:
Network:

Long-term experience in horse care.
Indoor riding arena (15m x 30m) and outdoor round track.
The existing network in the equestrian sector.

What is our key to success?

Satisfy all customer and animal’s needs. Customers shall know that their animals get the best care
possible such that customers don’t have to worry at any point.

What are the main
opportunities in the market?

High expertise allows to meet high customer requirements. → Satisfied customers
Good network in equestrian sector is a good an accessible source of potential customers.
Large catchment area of customers due to demographical situation.
Slightly growing market.

What are the main risks in
the market?

Negative development of general economic situation can negatively affect occupancy rate and
market prices.
New competitors entering the market.
Not meeting customers’ needs. → Unsatisfied customers

How does our customers’
needs change over time?

Customers expect high attendance times and a high service level. The tendency is overall
increasing.
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2.3
Location

Appendices

Question
What is to be considered
concerning the location?

3. Market
Keyword Question
3.1
Current
market

What is the current offer
and the current target
group?

3.2
Future
market in
3 years

Moehr Fortunat

What is the planned offer
and the future target group
in 3 years?

Description
The stable is located at a moderate risk flooding area, construction of flood protection in progress.
The planned restructuring of the Rengglochstrasse and the related closure of the street for 20
months will most likely increase the traffic around the estate.

Description
Offer:

Target customer group:

Horse boxes

Private horse owners

2

45%

Revenue fodder surplus

Farmers, horse owners

4

25%

Offer:

Target customer group:

Horse boxes

Private horse owners

8

71%

Revenue fodder surplus

Farmers, Horse owners

4

5%

Details
(Dähler,
2018)

Details
Number of customers

Number of customers
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4. Marketing
Keyword
Question
4.1
How do we maintain
Customers existing customers?

4.2
Value

4.3
Promotion

4.4
Partners

How do we gain new
customers?

High customer satisfaction = word of mouth recommendation
Access own network
Publicly accessible promotion

What are our core values?

Animal welfare and customer satisfaction have top priority while gentle handling the environment.

What is our value
proposition?
How do we raise awareness
of our business?

Who are our main partners?

Who are potential future
partners?

Moehr Fortunat

Description
Close cooperation and open communication
High reliability
Fostering of group dynamics with events
Regular meetings with customers for discussion and feedback

“Respectful and competent interaction between human and animal.”
Up-to-date website in advance
Word of mouth
Physical advertisement on main road
Advertisements in sector specific magazines
Open day once everything is set
Social media activity
Partner:
Nature of the cooperation:
Neighboring farmers

Sharing machinery / equipment as it is already practiced.

Partner:

Nature of the cooperation:

Bieri Urs
Riding Club Lucerne

Contract for mutual use of riding infrastructure for customers.
Winter riding course offerings in riding hall.
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5. Infrastructure & Milestones
Keyword Question
5.1
Which measures concerning
Infrathe infrastructure &
structure equipment are planned?
5.2
What are the next
Milemilestones?
stones
What are the long-term
goals?

6. Production & Procurement
Keyword Question
6.1
What is currently produced
Producinternally?
tion

Alternatives in production?
6.2
Procurement

What has to be purchased?

Description
Visual and technical upgrading of buildings

Details

Takeover of equipment & machinery (lump sum payment)
Relocation to new estate and commissioning phase
Increase occupancy rate
Build outdoor riding arena
Build up additional sources of income, optimize efficiency of operations

Description
Product
Haylage year 1
Haylage year 2
Haylage year 3

Details
Quantity
74815 kg
70207kg
65599kg

Sales price
0.23 CHF / kg
0.23 CHF / kg
0.23 CHF / kg

Short term no changes since infrastructure and machinery is customized for that purpose.
Optimizations regarding the agricultural direct payments are likely to be implemented.
Product
Annual amount
Price
Supplier
Concentrated feed
730 kg / horse
0.78
Agro Center Malters
Straw
3833 kg / horse
0.18 CHF / kg
Traveco Suisse
Minerals
16 kg / horse
0.8 CHF / kg
Agro Center Malters
Fertilizer
1000 kg / year
0.44 CHF / kg
Agro Center Malters
Water
21.9 m3/ horse
1.55 CHF / m3
EWL
Electricity
7700 KWh
0.21 CHF / KWh
EWL
Haylage baler
249 - 218 bales
21 CHF / bale
Th. Estermann

7. Budget

Moehr Fortunat

Sales Value
17207 CHF
16148 CHF
15087 CHF
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Question
How does the business
develop financially over time
(in CHF)?

Description
Income Statement

Income
Yield boxes rented
Haylage sales revenue
Agricultural direct payments
Annual yield rent 2nd flat
Total income
Expenses
Wage expenses
Rent & ancillary cost
Feed cost
Machinery cost
Infrastructure maintenance expenses
Marketing & administration expenses
Total expenses
Earning before taxes
Taxes
Net profit

Moehr Fortunat
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Year 1
40'800
9'677
13'072
13'200
76'749

Year 2
61'200
7'919
13'338
13'200
95'657

Year 3
81'600
6'161
13'604
13'200
114'565

39'557
23'768
11'000
166'783
5'000
1'500
247'609

47'429
23'836
13'211
16'783
5'000
1'500
107'759

55'301
23'904
15'422
16'783
5'000
1'500
117'910

-170'860
-170'860

-12'103
900
-13'003

-3'345
2'000
-5'345

Details
(EnergieS
chweiz,
2019),(E
WL,
2019c),
(EWL,
2019d),(E
WL,
2019g),
(Jungblut
h & Meili,
2018),
(“Durchsc
hnittslohn
Pferdefac
hmann,”
n.d.),(Brä
ndle,
2013),(Ag
ridea,
2013)
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Question
How to interpret the
financial development over
time?

Description
Since the agricultural activities represent a secondary income from the tenants’ perspective, the
budget has to be understood as mixed approach. It must be noted that the agricultural activities,
as described in this case, do not cover costs. Therefore, the total is cross subsidized with the
primary income. In addition, the residential building as part of the estate allows to decrease the
general living expenses.
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8 Financing
Keyword Question
8.1
What is the capital
Capital
requirement resulting from
Requirem the financial analysis?
ent
8.2
How shall the capital be
Capital
raised?
Source

9 Risk Analysis
Keyword Question
9.1
What are the risks
Risk
identified? How severe are
the impacts?
What is the respective
probability?

Moehr Fortunat
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Description
The resulting capital requirement for year 1 is
- 170 860 CHF
Machinery acquisition (lump sum):
150000 CHF
Operational loss:
20’860 CHF
The capital to pay for the machinery and ensure liquidity in the first year will be raised from the
future tenants’ private assets.

Details

Description
Risk

Details
(SDA,
2017)

Temporary disability due to:
-Accident
-Sickness
-Pregnancy
Permanent disability due to:
-Accident
-Sickness
Fatality
Break up
Flood disaster
Drought
Animal disease
Insolvency
Customer dissatisfaction

Impact
(1=min., 10=max.)

Probability
(1=min., 10=max.)

Rating (1-100)
(Impact x probability)

8
8
5

5
7
6

40
56
30

9
9
10
6
8
8
6
8
7

3
3
2
3
3
3
2
2
4

27
27
20
18
24
24
12
16
28
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Appendix 2 - Detailed formulas for budget calculation

Figure 15 - Formulas and sources for budget calculations
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Appendix 3 - Overview of used figures for budget calculation

Figure 16 - Figures for budget calculations in year 1, year 2 and year 3
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