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Resource intensity in global food chains: the Hot Spot Analysis

Abstract

Purpose — The Hot Spot Analysis developed by the Wuppertal Institute is
a screening tool focussing on the demand of reliable sustainability oriented
decision making processes in complex value chains identifying high pri-
ority areas (“hot spots”) for effective measures in companies.
Design/methodology/approach - The Hot Spot Analysis is a qualitative
method following a cradle-to-cradle approach. With the examples of cof-
fee and cream cheese hot spots of sustainability indicators throughout the
entire life cycle are identified and evaluated with data from literature re-
views and expert consultations or stakeholder statements. This paper fo-
cuses on the indicator resource efficiency as an example of how the meth-
odology works.

Findings - The identified hot spots for coffee are the raw material pro-
curement phase in terms of abiotic material, water and energy consump-
tion, the production phase concerning biotic material and the energy con-
sumption in the use phase. For cream cheese relevant hot spots appear in
the raw material procurement phase in terms of biotic materials and water
as well as biotic materials and energy consumption during the production

phase.

Research limitations/implications — Life Cycle Analyses connected to
indicators like resource efficiency need to be applied as consequent steps
of a Hot Spot Analysis if a deeper level of analysis is eventually aimed at
which is more cost and time intensive in the short term. The Hot Spot An-

alysis can be combined with other sustainability management instruments.
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Practical implications - Research and management can be directed to hot
spots of sustainability potential quickly which pays off in the long term.
Originality/value — Companies can address sustainability potentials rela-

tively cost moderately.

Keywords Sustainable value chain, life-cycle-analysis, hot spot analysis,

resource consumption, resource-efficiency, food

Paper type Research paper with two case studies
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1. Food industry and resource-efficiency

The whole food sector is consuming huge amounts of resources. The food
and drink sector accounts for about 15 - 30% of all environmental pres-
sures (ETC-SCP, 2009). The production of food appears often to be less
resource intensive compared to other industrial products, but especially in
this industry increased complexity in production and transport structures
goes together with higher resource intensity (Huff ez al., 2006). But even
though the agricultural industry and food as a field of needs have one of
the highest environmental impacts, only a very limited number of detailed
studies on single products or entire process chains are existing already. To
name an exception a MIPS® study on natural resource consumption of
Finnish households and its reduction has been conducted (Kotakorpi et al.,
2008).

The following facts and numbers demonstrate the need for an increase in
resource productivity in the food industry. By 2050, the world population
might increase up to 9.2 billion people (Population Division of the De-
partment of Economic and Social Affairs of the United Nations Secre-
tariat, 2007). Due to this expansion, the demand for resources, especially
for food products, will increase. The increase in food production and con-
sumption as well as changes in nutrition patterns have significant influ-
ence on the environment and cause an urgent need for the establishment of
more sustainable business strategies. The requirements for complex struc-

tural supply chains in the range of social (Mikkola, 2008), as well as eco-

MIPS = Material Input per Service unit
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logical (Hahlbrock, 2009) interaction are of growing importance in sus-

tainable development.

For instance, loss of soil is a consequence of environmental degradation,
constituting a major factor for the agricultural industry and food produc-
tion. The annual losses of fertile soil reach up to 25 billion tons (Schmidt-
Bleek, 2009). In the past 20 years a surface of approximately one million
square kilometres —equal to the size of Germany, the Benelux Countries,
Austria and Switzerland— of productive land got lost due to desertification,
the overuse of fertile soil, deforestation for firewood, overfertilization,
animal breeding, droughts, operation of vehicles, wind and water erosions,
the (expected) rise of the sea level and floods which are in turn due to ris-
ing temperatures, soil sealing and clear-cutting which lead to a reduced
capacity for the soil to absorb water (Schmidt-Bleek, 2009). The produc-
tion of meat and dairy products signifies another growing factor accelerat-
ing environmental degradation. The consumption of meat has increased
fivefold since 1950 (World Watch Institute, 2006) which explains why
animal breeding has a huge effect on the loss of productive land. This has
led to an increasing environmental impact since the 20 billion farm ani-
mals produce a significant amount of emissions and - at the same time -
demand a high amount of productive land for fodder production. Besides
that, the demand of agricultural surfaces for the production of one kilo-
gramme of meat is three to ten times higher than for the production of one

kilogramme of wheat (Hahlbrock, 2009).
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Besides the problem of decrease of productive land, which is accelerated
by land use competitions especially due to the production of bio fuels,
meat and the extension of infrastructures, the resource use along the vari-
ous food-product-chains is extremely intensive. The following section
provides an example of virtual water content of products in order to il-

lustrate how intensive water use can be along the food-product chain.

“Human beings require approximately four litres of drinking water per day
to live. However, 500 times that amount of water is used to produce the
food that each one of us needs per day.” (Schmidt-Bleek, 2009, p.119).
The production of one kilogramme cereals® consumes up to 1000 litres of
water. However, about 40% of the cereals are used as fodder. Food and
fodder production only has a share of 70% concerning water withdrawal
(Hahlbrock, 2009). To produce a hamburger, 3500 to 7000 litres of green
water are needed according to (Mauser, 2009) who refers to green water as
water that is evaporated through vegetation. Hoekstra and Chapagain
(2006) claim that the virtual water content of one hamburger is 2400 litres.
The virtual water content of a product means the sum of the water used in

the various steps of the life cycle.

The trends we are facing concerning food production and consumption

outlined in the paragraphs above can be summarised as follows:

wheat, corn, rice
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o The demand on productive land increases as the consumption of
meat and dairy products per capita is rising and an increasing
amount of land is used for other purposes than food production.

o A growing population of up to 9.2 billion people on earth will need
to be supplied sufficiently with food and water.

o The degradation of land will accelerate even more if sustainable
concepts for food production and consumption will not be applied

in the future.

The topic of resource productivity will be of increasing interest for busi-
ness and politics already in the near future. “Resource-efficiency and re-
source productivity can be defined as efficiency, with which energy and
material is used within the business sector, meaning the added value per
unit resource input” (Commission of the European Communities, 2003).

Beyond political objectives on the national and international level (Bun-
desregierung, 2002 and European Council, 2006), the topic resource-
efficiency has already reached commerce and industry. The fundamental
change of business that has taken place since the nineties has caused out-
sourcing processes of cost-intensive units into low-wage regions, espe-
cially developing countries and countries in transition. That implies an in-
creasing number of people involved as well as a geographical extension of
value chains (Schétzl, 2000). The definition of value chain here follows
the suggestion of Porter (1996) saying that it includes the whole produc-

tion process of a good, from resource extraction to consumption, compris-
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ing even all additional services, the further use and the recycling of a pro-

duct as well as its waste treatment.

Due to the increased complexity and globalisation of production pro-
cesses, the demand for management and controlling strategies is changing
(Folkerts and Koehorst, 1998). Actors who deal with product chains, such
as entrepreneurs, politicians, and retailers need to reply to an increased
complexity in order to monitor all on-going processes with the objective
of optimising value chains, e.g. in terms of resource use (Seuring and
Westhaus, 2002). The paper at hand will therefore focus on complex glo-
bal value chains and their designers such as producers, consumers and
politicians influencing the resource use of the world supporting their
possibilities to implement more sustainable production and consumption
systems. To avoid risks for the different actors including companies and
consumers, it is not sufficient anymore to organise corporate processes
internally but the interorganisational relations within the value chain need
to be considered too (Christopher, 1998). All relevant stakeholders have to
be integrated in such a design process of global value chains. They need a
status quo analysis that addresses the most important issues of such sub-
systems like coffee or cream cheese value chains and their implications on

the eco- and social system along the production and consumption stages.

Thus, there is an increasing demand for simple, indicatory management

and controlling instruments, that are based on aggregated information in

order to show resource-efficiency potentials without being cost or time
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intensive (Schary and Skjoett-Larsen, 2001). Established methodologies
like LCA” are far too time and cost intensive for applying them in a com-
pany for all production and consumption processes (ISO 14041). In fact,
there are a few LCA existing for products of the food industry®. Also for
material-intensity analyses based on the MIPS-concept’, there are only
some examples applied in entire food-product chains (Kaiser et al., 2008;
Kauppinen et al., 2008a; Kauppinen et al., 2008b). In order to estimate the
input-oriented impact on the environment caused by a product or service,
MIPS indicates the quantity of resources'® required for this product or ser-
vice. A MIPS analysis covers the entire life cycle of a product or service
but is still less labour-intensive than a complete LCA (Ritthoff et al.,
2002; Lahteenoja et al., 2006; Kuhndt, et al., 2002).

The few MIPS analysis and LCA studies covering the entire food-product
chains aim at giving an overview about the relative material intensities of
different areas within the food chain as well as demonstrating interde-

pendencies between certain parameters.

Although the demand for specific analyses obviously exists, it seems in
any case reasonable to identify hot spots along the whole value chain be-
fore applying a MIPS analysis or even a deeper LCA which are cost and
time intensive and require expertise. To bring sustainability and resource
management into corporate practice, a step-by-step approach has proven

appropriate for a corporate context. As a first step, a Hot Spot Analysis

Life Cycle Assessment

compare LCA Food Database

MIPS = Material Input per Service unit
named “materials” in the MIPS concept
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should be applied (Kuhndt ez al, 2002; Wallbaum and Kummer, 2006).
This can be followed later on by a MIPS analysis, possibly including also
other core indicators. A whole or segmental LCA approach can be applied
at last, in case a more exact differentiation will be necessary, e.g. if de-
tailed scenarios including also emissions and similar aspects are required.
Every step needs to be concluded by “indicators for action” in order to
create direct use for the respective company. A step-by-step approach will
increase the data base and thus the ability to implement and improve sus-
tainability management data and information systems. Focus can be vari-
ous indicator sets, such as for instance, resource efficiency as is in the pa-
per at hand, but also social or economic ones. Table I below compares the
main characteristics of the Hot Spot Analysis, MIPS and LCA approaches.
The Hot Spot Analysis explores the most relevant factors or phases influ-
encing e.g. the indicator resource use in the life cycle or product chain
with regard to sustainability according to available literature, expert con-
sultations or stakeholder statements while MIPS looks at the physical ma-
terial flows, i.e. the input side of production and consumption systems,
aggregated flows of abiotics, biotics, top soil, water and air (oxygen),
which are regarded as central background of environmental impacts, dur-
ing the life cycle of a product or service. The LCA approach focuses on
mainly emission- and energy-based environmental impacts during the life
cycle such as global warming, acidification or eutrophication. The Hot
Spot Analysis provides companies and perhaps their stakeholders with a
rough overview over relevant aspects in a short period of time and is based

on scientific publications. This requires knowledge of scientific literature.

Dr. Christa Liedtke, Carolin Baedeker, Sandra Kolberg, Michael Lettenmeier 7



Resource intensity in global food chains: the Hot Spot Analysis

The Hot Spot Analysis does not offer quantitative productivity potentials.
MIPS is often calculated on the basis of already existing average figures
but a process specific calculation is also possible. In order to apply MIPS
its concept needs to be understood. The calculation is relatively easy and
allows a comparison between the options available and the investigation of
consumption patterns. MIPS can be used as a basis for labelling and in-
dices. Efficiency potentials of resources and costs can be calculated. But
MIPS itself is costly. MIPS, as well as LCA need more time than the Hot
Spot Analysis. LCA are based on existing data and process specific data
which require a special software and knowledge of the product concerned.
A detailed analysis of development options can be conducted which might
lead to less environmental impact through the calculation of potentials but

which is very expensive and complex.

Methodology

Main sources

Hot Spot Analysis
(Kuhndt et al.,
2002; Wallbaum

and Kummer, 2006)

MIPS (Material
Input per Service
unit) analysis
(Schmidt-Bleek,
2007, Ritthoff et

al., 2002)

Life Cycle Assess-
ment (LCA)

(ISO 14041)

Short description

Elaboration of the
most relevant fac-

tors or phases influ-

Analysis of the
physical material

flow inputs during

Analysis of mainly
emission- and en-

ergy-based envi-
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encing sustaina-
bility indicators
such as resource
use in the life cycle

/ product chain.

the life cycle of a
product or service.
Material flows are
understood as the
central background
of environmental

impacts.

ronmental impacts
during the life cy-

cle.

Aspects covered

Sustainability as-
pects of different
life cycle phases,
according to avail-
able literature, ex-

pert consultations

Input side of pro-
duction and con-
sumption systems,
aggregated flows of
abiotics, biotics, top

soil, water and air

Different envi-
ronmental impacts
like energy use,
global warming,
acidification, eu-

trophication, etc.

literature. Provides

concept. Relatively

or stakeholder (oxygen).
statements.

Level of depth Rough overview Often calculated on | Calculated on the
over relevant sus- the basis of existing | basis of existing
tainability aspects. average figures but | data bases and/or

process-specific process-specific
calculation pos- data.
sible.

Origin of data Scientific publica- Published LCA and | Published LCA and

used tions. other studies aver- other studies data-

age material in- base and/or pro-
tensity coefficients | cess-specific emis-
or process-specific | sion data.
information.

Suitability to Requires know- Requires under- Requires special

companies ledge of scientific standing of MIPS software and de-

tailed background
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an overview of rel-
evant aspects of the
product chain. Does
not offer quantita-

tive productivity

easy calculation
possible using e.g.
excel sheets. Pro-
vides a useful com-

parison between

information on the
product studied.
Can provide a de-
tailed analysis of

specific develop-

consumer infor-

mation

separate big and
small issues from

each other but not

concept. Very suit-
able for comparison

of product groups

potentials. different options ment options in
and phases of the processes and pro-
value chain. Re- duct chains. Poten-
source and cost tials for less envi-
efficiency poten- ronmental impacts
tials can be calcu- can be calculated.
lated (Beucker, et
al., 2004).
Suitability to Relatively easy. Relatively easy but | Relatively complex
SMEs Requires time and may require more and time intensive,
knowledge of sci- time in case of requires special
entific literature. complex products software and de-
or less known ma- | tailed background
terials (depending information from
on the level of de- inside and outside.
tail), and relatively
less basic calcula-
tion knowledge and
information from
inside and outside.
Suitability for Can be used to Understandable Direct use would be

too complex. Can
be used as a basis

for labelling or in-
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for comparing pro- | or consumption dices but remains
ducts. patterns to each cost intensive.
other. In principle
applicable for pro-
duct-specific in-
formation but
costly. Can be used
as a basis for label-

ling or indices.

Table 1. Main features of the approaches of Hot Spot Analysis, MIPS analysis and LCA
for the identification of resource use and environmental impacts during the life cycle of
products or services

The authors of this paper argue that the Hot Spot Analysis is very suitable
for companies and relevant actors in order to detect potential hot spots of
resource intensity along the value chain. Compared to MIPS and LCA it is
a feasible approach with regard to costs and time. Companies often do not
have the financial and time resources to apply MIPS and LCA and can
easily start with the Hot Spot Analysis. In case a deeper level of analysis is
pursued MIPS and LCA should be applied as consequent steps. Below a
detailed explanation on the methodology of the Hot Spot Analysis is given
in the next section elaborating on the advantages and disadvantages of the

Hot Spot Analysis.

2. The methodology of the Hot Spot Analysis

The introduction of the Hot Spot Analysis by the Wuppertal Institute
(Kuhndt et al., 2002;Wallbaum and Kummer, 2006) intends to be a quali-
tative assessment instrument that estimates the resource-intensity or other

indicator areas of a product along its value chain. Other indicators could
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be applied gradually, such as economic or social ones. The main objective
of a Hot Spot Analysis is to identify central peaks of resource use or sus-
tainability issues along the whole value chain quickly, reliably and life-
cycle-phase-specifically. The use of abiotic material'', biotic material'?,
water and energy is analysed for the life cycle phases’ raw material pro-
curement, production, use and waste treatment. Thus, the relative resource
use of the respective life cycle phase becomes obvious as well as the ex-
tent of specific resources consumed along the value chain. Those “peaks”
in consumption identified are defined as hot spots. It needs to be con-
sidered though that high resource consumption is not equivalent to a high
saving potential. For a more specific analysis of resource-saving potentials
an additional instrument should be introduced after the Hot Spot Analysis

that is MIPS, LCA or other instruments.

A Hot Spot Analysis is performed in three steps:
1. Estimation of sustainability topics within a life-cycle phase (e.g.
absolute resource-intensity within each phase)
2. Evaluation of these topics between the life-cycle phases (relative
resource intensity of resource categories along the life-cycle)

3. Identification of hot spots by an integrated analysis of step 1 and 2

Scientific publications that provide facts about the resource-intensity in
the whole value chain or parts of it are the basis for the analysis in step

one and two. LCA studies — if existing — are of special interest. But these

11
12

non-renewable resources like mineral raw materials and fossil fuel
renewable resources like vegetable biomass from cultivation, plants and animals
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studies don’t reflect the specific situation of the regarded value chain but
use the information of existing, not in all areas relevant studies and LCAs
so that puzzle parts are used of the whole picture to get a first estimation
about relevant topics, summarize the information, structure and evaluate it
concerning the investigated product chain. One of the limitations of the
Hot Spot Analysis is that it is based on existing studies or parts of it. In the
food sector, for instance, it might be difficult to find LCA studies. A
multitude of data of various institutions is not consistent and clearly acces-
sible. Nevertheless there is a huge amount of available literature or expert
and stakeholder knowledge which can be made use of and therefore the
Hot Spot Analysis is still a very useful tool to explore hot spots of re-
source intensity along the whole life cycle of a product. The assessment of
the resource-intensity is done according to a scale from ,,high* (3 points)
to ,,Jlow™ (1 point). The Hot Spot Analysis considers the resource con-
sumption directly connected to the product or service, its raw materials
and intermediate goods. Materials not directly connected to the product
(e.g. packaging material or the maintenance of production or transporta-
tion machines) are not part of the analysis in the first step. If results exist
that indicate that parts of them are important they could be flexibly in-
cluded. But the first objective for analysis is the area where the actors can
act and influence the sustainability directly. Therefore the decision makers
get information to improve their hot spots gradually — first for the relevant
need for action in the own value chain, and second if relevant in the pro-
cess environment (e.g. relevant logistic problems of coffee products —

transporting by airplane instead of ships). Table II and Figure I show the
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three steps of the assessment of an imaginary product to introduce the
methodology of the Hot Spot Analysis which can be used for orientation
for further Hot Spot Analyses. The two case studies on coffee and cream
cheese are supposed to substantiate the methodology in concrete examples
taken from the food sector. The choice of coffee and cream cheese will be

explained more in detail.

Very resource intensive: E
igh pecia gy
bl marials waier | | consumplon due
Hot spots along the and energy 10 cooling
life cycle (raw material

procurement, produc-
tion, use, waste treat- Ay e
ment/recycling) "{H& ﬂ."",-l:

Wasta
ik ":_’:;E = Production Use treatment/
R recycling

life cycle-perspective & evaluation

Q Analysjs

Life cycle phase

Permaneni
Dptimization

Process

}el'l.'LU!l-dOE EU.‘IFQ;J-
& o,

Permanent optimization pro-
cess consisting of the Hot Spot
Analysis, measures, implemen-
tation and evaluation of food
product chains

Figure 1. Hot Spots: Exemplarily for a typical food chain, based on the imaginary product
Identification of hot spots along the whole life cycle chain as part of a permanent optimization
process consisting of the Hot Spot Analysis, measures, implementation and evaluation of instruments
for food product chains based on the imaginary product
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In step one, the raw material procurement phase of an imaginary product
is defined by a high extent of abiotic'> materials and energy, while in the
production phase a high amount of water consumption is obvious and the
consumption phase is characterised by high water and energy consump-
tion. Although the energy consumption is considered to be high in two
phases, this does not mean that their absolute value is comparable, because
only an estimation of the relative evaluation within the respective life-

cycle phase is done.

In order to compare the amount of resource consumption of one phase to
another one, step two is performed. As there are only limited data for most
products and services, the resource categories abiotic materials, biotic ma-
terials, water and energy cannot be applied like in step one. Thus, the ag-
. : 13 s 9014 13 9 1
gregation of two categories “non-energetic” " resources and “energy” is
necessary. Table II shows how the assessment is supposed to look like.
This example shows a high relevance of raw materials for the non-

energetic resources and of the use phase for the energy consumption.

non-renewable resources like mineral raw materials and fossil fuel
biotic and abiotic materials and water
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Hot Spot Analysis of _an imaginary product.

Step 1: Assessing the resource-intensity within each life cycle phase.

Life cycle phase | Raw Production | Use Waste
material treatment

Resource procure-

category ment

Abiotic material'® 3 1 2 2

Biotic material'® 1 2 1 2

Water 2 3 3 1

Energy 3 1 3 1

Step 2: Assessing the resource-intensity between the different life cycle phases.

Life cycle phase | Raw Production | Use Waste
material treatment
Resource procure-
category ment
Non-energetic 3 1 1 2
Energy 2 2 3 1

Step 3: Identification of hot spots on the basis of steps 1 and 2.

Life cycle phase | Raw Production | Use Waste
material treatment

Resource procure-

Category ment

Abiotic materials’ 9 1 2 4

Biotic materials'® 3 2 1 4

Water 6 3 3 2

Energy 6 2 9 1

Table II. Allocation of assessment points based on the extent of resource and energy
consumption in the respective life-cycle phase (step 1) and by analysing the relevance of
the phases to each other (step 2). In step 3, the results of steps 1 and 2 are multiplied by
each other so that the hot spots can be defined (scores of 6 and 9 points, adapted from
Kuhndt, et al., 2002; Wallbaum and Kummer, 2006)

The hot spots are identified in the concluding step three. For a better visi-
bility of the hot spots, the scores of steps one and two are multiplied by
each other. The resource categories abiotic materials, biotic materials and

water from step one are multiplied with the evaluation factor ,,non-

15 non-renewable resources like mineral raw materials and fossil fuel

16 renewable resources like vegetable biomass from cultivation, plants and
animals

?0 non-renewable resources like mineral raw materials and fossil fuel

renewable resources like vegetable biomass from cultivation, plants and animals
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energetic*, the category energy with the factor energy. For example, in the
column raw material procurement the scores from step one, i.e. abiotic
material (3), biotic material (1), water (2) and energy (3) are multiplied by
the respective life-cycle evaluation factor from step two, i.e. (3) for non-
energetic resources and (2) for the category energy. The result of the mul-
tiplication (still on the column raw material procurement) appears as

¢ abiotic materials 3x3 =9,

* biotic materials 1 x 3 =3,

e water2x3=6and

* energy3x2=6.
Hot spots are the fields with a result of six to nine points. In that way an
overview of the most important life cycle phases regarding resource in-
tensity can be generated for any value chain. As mentioned earlier, with
this method, no productivity potentials are identified. Figure I visualises
the approach of the Hot Spot Analysis exemplarily for a food product
chain based on the imaginary product. Hot spots along the whole life cycle
chain are identified as part of a permanent optimization process consisting
of the Hot Spot Analysis, measures, implementation and evaluation of sus-
tainability instruments. Hot spots are the red circles, which are explained
more in detail in the blue arrows in which these circles are integrated. The
arrows point to the specific life cycle phase where the hot spots occur. The
raw material procurement phase is very resource intensive since a high
demand of abiotic materials, water and energy have been identified as part
of the Hot Spot Analysis. The use phase is very energy intensive due to
cooling and storage of the imaginary product. The Hot Spot Analysis is
only part of a permanent optimization process as visualised in the bigger

circle. In the next phase measures have to be implemented in the decision
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processes in turn resulting in the actual implementation phase which deals
with the stakeholders involved, time frames and reasons for implementa-
tion. The evaluation phase follows after the other three phases dealing
with controlling and optimization of the measures of the decision pro-
cesses and the implementation phases. For reaching successful and sus-
tainable improvements it is important to keep in mind permanent optimi-
zation processes in a cradle to cradle approach expressed in the choice of a
circle for this figure. Further explanations can be found in the caption
above.

The following sections introduce the hot spot analysis applied in the case
studies on coffee and cream cheese. These products have been chosen
since they represent a German and a non-European product (cream cheese
and coffee) from the food sector which contributes essentially to envi-
ronmental degradation as outlined in the introduction. Coffee has been
chosen because it is a popular product for a broad public and therefore
promising to communicate the results. Coffee has one of the biggest shares
in fair traded food which accounts for an increased alertness of consumers
regarding this product. The consumption of coffee is bound to lifestyles
and trends which is why it enables a tight link to the discussion of sustain-
able consumption. Coffee is an agricultural product with only a marginal
upgrading process but must be imported from oversea and it is a growing
product area concerning lifestyle behaviour and feeling (different sorts of
drinking preparation). As explained previously meat and dairy products
are extremely resource intensive which is why a case study of cream

cheese is a valuable example for a Hot Spot Analysis. Cream cheese is an
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upgraded milk product which is more resource intensive in the upgraded
stages compared to the first stage of raw milk, but is coming from live-
stock and therefore a highly resource inefficient product like meat. House-
hold studies have shown that coffee and dairy products are relevant pro-
ducts that show specific consumption behaviour of different households in
different social milieus (highly income/education households use a variety
of highly upgraded coffee products with sophisticated and luxurious cof-
fee machines and diary products instead of meat, lower income/education
households consume less sophisticated coffee and eat more meat (Kota-
korpi et al., 2008) The overall result is that the eco-oriented household
consumes more resources having more eco-efficient strategies and the
eco-afar households consume eco-inefficiently, but altogether more re-
source-efficiently. Therefore both products are highly relevant and core
indicators for developing sustainable household behaviour strategies and
patterns. Social responsibility in the interaction of each individual stake-
holder involved plays an essential role in sustainable development (Rim-

mington et al., 2006).

3. The case studies on coffee and cream cheese

3.1 The Hot Spot Analysis of coffee

For the Hot Spot Analysis along the life cycle of coffee, the resources
needed to produce packaging or marketing material as well as such for
production plants, transport vehicles and machines are not considered
since their environmental impact is minimal compared to others.(Kuhndt

et al., 2002;Wallbaum and Kummer, 2006; Kaiser et al. 2008). Transpor-
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tation and logistic processes are not presented as single phases but the re-
sources connected to transportation will be accounted in the respectively
following life-cycle phase. For example, the transport of coffee beans to
the processing plant is allocated to the production phase and the transport
of the completed product to the retailer or consumer is allocated to the use
phase.

The following paragraph explains the resource consumption in the life
cycle phases of coffee more in detail. Existing scientific studies (struc-
tured in life-cycle phases) have been investigated in order to constitute
which of the resource categories distinguished between abiotic (A), biotic
(B), water (W) and energy (E) are most relevant per life-cycle phase.

Table III, summarises the results below.

The energy consumption caused by using agrochemicals and the drying
process of the beans is the one most relevant within the phase of raw ma-
terial procurement, followed by the consumption of abiotic materials and
water. The agrochemicals have to be considered here as pre-products of
coffee and are therefore within the boundaries of the system. In the past
decades, intensive monocultivation has expanded which implies an in-
crease of agrochemicals (fertiliser, pesticides) that lead to higher harvests
(WRI/UNDP, 1998; Rice and McLean , 1999). Especially for the produc-
tion of artificial fertilisers a lot of energy and raw materials are needed.
According to a study from Costa Rica, the percentage of energy spent to
produce fertilisers reaches up to 69% of the overall energy needed in the

coffee production process. Depending on the procedure, additional energy
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consumption can result from the drying process. The coffee trees face
more often vermin or diseases in tropical or subtropical than in moderate
climate conditions (Deutscher Kaffeeverband, 2005). Therefore intensive
protection is required. Coffee-monocultures depend on water systems to
some extent. In case the method of the so-called “wet treatment” is cho-
sen, a massive amount of preferably pure spring water is consumed. The
estimation of this amount differs from 40.000 to 70.000 1/t (EDE, 2001)
and 130.000 to 150.000 I/t for raw coffee (Deutscher Kaffeeverband,
2005). Compared to systems cultivating in the shadow, the degradation of
soil is much higher in monocultures. According to studies undertaken in
Central America, the degradation is increasing while switching to mono

cultures (EDE, 2001).

The production phase comprises the transport of the beans to the roaster
as well as the roasting process. From the perspective of resource use, the
coffee beans themselves are the most relevant, followed by the energy
consumption. The coffee beans are the most important raw material in that
phase, since the final product consists mainly of milled coffee beans. The
transportation itself is connected to relatively low energy consumption,
because it happens to be a mass product and it gets therefore mainly
shipped (Wolters, 2001). The roasting process is connected to water and
energy consumption, which is not estimated that high though (Diers ef al.,
1999). The amount of energy utilized increases significantly if instead of

coffee powder instant coffee is analysed. Comparing the demand on en-
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ergy for different food products, instant coffee reaches up to first position

with 18948 kcal/kg (Lake and Pagan, 1999).

The use phase starts with the transportation of coffee from the processing
plant via the retailer to the consumer. Most relevant in that phase is the
energy consumption during transport and storage within the households
according to a Product Life-Cycle Analysis of vacuum packaged coffee
(Diers et al., 1999). Other scholars argue that the energy demand to pre-
pare coffee has the biggest influence in the use phase (Wolters, 2001). The

consumption of water is negligible.

For the waste treatment phase the LCA mentioned above concludes that
filter and coffee grounds are more relevant than the packaging (Diers et
al., 1999). Packaging and filter are not part of the analysis because of their
lower relevance per kg coffee or service unit (drinking a cup of coffee).
The resource consumption connected to the coffee ground is considered to
be rather low and is therefore not considered in the following anymore

(Diers et al., 1999; Kotakorpi, ef al., 2008).

Raw material procurement Relevance

The use of agrochemicals (fertiliser, pesticides) A"

The production of artificial fertilisers and the drying process consume | A, E'®

huge amounts of energy and raw materials

Protection against vermin or diseases A E

17 Abiotic material

Energy
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Water systems w

If the “wet treatment” is chosen a massive amount of (preferably) pure | W

spring water is consumed

Especially in monocultures a degradation of soil is constituted A

Assigned resource intensity in points for the raw material procurement phase:

A: 2 (medium), B: 1 (low), W: 2 (medium), E: 3 (high)

Production Relevance
Mainly coffee beans B
The transportation consumes relatively low energy E

The roasting process spends a relatively low amount of energy and water | W, E

Instant coffee spends significantly more energy than coffee powder E

Assigned resource intensity in points for the production phase:

A: 1 (low), B: 3 (high), W: 1 (low), E: 2 (medium)

Use Relevance
Energy consumption during transport and storage most relevant E
Transportation mostly for purchasing food E

Energy needed to prepare coffee has the biggest influence E
transportation by car

Assigned resource intensity in points for the use phase:

A: 1 (low), B: 1 (low), W: 2 (medium), E: 3 (high)

Water
Biotic material
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Waste treatment Relevance

Resource consumption is rather low and therefore irrelevant -

Assigned resource intensity in points for the waste treatment phase:

A: 1 (low), B: 1 (low), W: 1 (low), E: 1 (low)

Table III. Central results of scientific studies on life cycle aspects of coffee, by life cycle
phases and with indication of relevance for the resource categories abiotic (A), biotic (B),
water (W) and energy (E) (adapted from Kuhndt, e al., 2002;Wallbaum and Kummer,
2006)

For the Hot Spot Analysis of coffee, a summarising assessment of the re-
source consumption as described above and summarised in Table III will
be done, first within each life-cycle phase (Table IV, step one). In order to
get the full picture, the relevance of the phases towards each other has to

be considered (step two).

Step two in Table IV visualizes qualitatively the relevance for resource
intensity in the whole life cycle. For the assessment of the relevance of
singular life cycle phases to each other in step two (Table IV), results from
LCA and similar studies which consider the whole life cycle are used. The
conclusion drawn from the studies of Wolters (2001) and Diers et al.
(1999) is that the raw material procurement phase is the most intensive
one both for the energetic (energy) as well as for the non-energetic re-
sources (abiotic materials, biotic materials, water). For both resource cate-
gories non-energetic and energetic 3 points are assigned for the raw ma-
terial procurement phase which expresses a high relevance compared to
the other life cycle phases. After that the production phase is following. 2

points are assigned for both energetic and non-energetic resource catego-
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ries indicating a medium relevance compared to other life cycle phases.

The use phase has a low resource intensity for the non-energetic resource

category (1 point) and a medium resource intensity for energetic resources

in comparison to the other life cycle phases (2 points). The phase of waste

treatment is assigned a low resource intensity for both the energetic and

non-energetic resource categories (1 point) relative to the other life cycle

phases.

Hot Spot Analysis of coffee.

Step 1: Assessing the resource-intensity within each life cycle phase.

Life cycle phase | Raw Production | Use Waste
material treatment
Resource procure-
category ment
Abiotic materials 2 1 1 1
Biotic materials 1 3 1 1
Water 2 1 2 1
Energy 3 2 3 1
Step 2: Assessing the resource-intensity between the different life cycle phases.
Life cycle phase | Raw Production | Use Waste
material treatment
Resource procure-
category ment
Non-energetic 3 2 1 1
Energy 3 2 1
Step 3: Identification of hot spots on the basis of steps 1 and 2.
Life cycle phase | Raw Production | Use Waste
material treatment
Resource procure-
category ment
Abiotic materials 6 2 1 1
Biotic materials 3 6 1 1
Water 6 2 2 1
Energy 9 4 6 1

Table IV. Hot Spot Analysis of coffee (based on Kuhndt et al., 2002; Wallbaum and

Kummer, 2006)
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To get the picture complete, both parameters of step one and two are mul-
tiplied for a better visibility (step three in Table IV). The resource catego-
ries abiotic materials, biotic materials and water from step one are multi-
plied with the evaluation factor ,,non-energetic®, the category energy with
the factor energy. As a result hot spots are identified. Hot spots are de-
fined as fields with a result of six to nine points. These mark the range
where direct action is needed. The identified hot spots for coffee are: the
raw material procurement phase in terms of abiotic material (6), water (6)
and energy (9) consumption; the production phase concerning biotic ma-

terial (6) and the energy (6) consumption in the use phase.

3.2 The Hot Spot Analysis of cream cheese

An analysis of the “cream cheese-chain” starts necessarily with the cow-
husbandry including fodder production. It extends further to the “extrac-
tion* of milk, the distribution of cream cheese products, finishing with the
consumption and waste treatment of the products. Cream cheese produc-
tion uses milk as “raw material” to 99% (Fraunhofer Institute for Process
Engineering and Packaging, 1997; Kaiser et al., 2008; Kauppinen et al.
2008b). The transportation processes are not analysed singularly but they
are integrated in the respectively following life-cycle phase. Further as-
pects like agricultural machines or packaging material are considered to be
irrelevant compared to the whole life cycle. This applies also for the pre-
value chains regarding production of fodder. That means for example that
the fodder itself is included in the calculation, the fertiliser to produce the

fodder instead is not though the highest energy consumption in the life-
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cycle of milk derives from the production of fertilisers and fodder (Swed-
ish Dairy Association n.d.; Hegaas Eide, 2002). Furthermore this analysis
only refers to milk deriving from cows not to such from sheep or goats.
Analogue to the example of coffee, results taken from scientific studies
will be listed (sub structured in life-cycle phases) and underlined accord-
ing to their relevance for the resource categories abiotic (A), biotic (B),

water (W) and energy (E).

As mentioned earlier, the most important raw material for the production
of cream cheese is milk. There are further ingredients like lactic acid bac-
teria (rennet) as well as salt, herbs, fruits or similar ingredients. Due to
their lower relevance at this point compared to milk they will not be con-
sidered furthermore (Kuhndt ez al., 2002; Wallbaum and Kummer, 2006).
The highest resource consumption exists concerning biotic material and
water. The material intensity values are: 1, 1 kg/kg abiotic material; 3
kg/kg biotic resources; 31 kg/kg water and 0,31 kg/kg erosion (Kauppinen
et al., 2008b). Energy is used for milking and storage (cooling) of milk

products in this life cycle phase.

The phase of production includes the transport of milk, the filtration and
the pasteurisation in the processing plant as well as the addition of further
ingredients (fruits, herbs, etc.) to the product. The analysis of relevant
studies led to a high relevance of the category biotic materials. That is be-
cause milk is the most important material in the process. Average rel-

evance was identified for water and energy. In comparison to other activi-
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ties of the food industry, the production phase of milk products is not very
energy-intensive (Confederation of the Food and Drink Industry of the
EU, 2002; Kauppinen et al., 2008b). Typical energy consumption levels of
milk processing are estimated with 0,5 to 1,2 MJ/kg used milk. A study
undertaken by Kraft Jacobs Suchard (KJS) on Philadelphia cream cheese
concluded that the major part of fossil primarily energy demand for pro-
duction is needed outside KJS (Fraunhofer Institute for Process Engineer-
ing and Packaging, 1997). According to an environmental declaration of
the private cheese factory in Waging am See, energy consumption is one
of the most important aspects within this phase (Bergader Privatkéserei,
2004). Regarding water consumption, the production of milk products is
comparatively water intensive, because a lot of water is used for cleaning
purposes in order to fulfil high hygienic standards. Processes that work
relatively efficiently consume 1,3 to 2,3 1 water per kg milk. It is even
possible to lower the value to 0.8 to 1.0 | water per kg though. During the
process phase side products and waste is produced. According to a study
of the Fraunhofer Institute, the average losses of raw material in the pro-
duction process of cream cheese are less than 2% (Fraunhofer Institute for
Process Engineering and Packaging, 1997). Due to that reason waste
won’t be considered as a relevant fact, because it could even be used as a
side product (e.g. fodder). The resource use for packaging that was identi-
fied from the Federal Environmental Agency for the use phase is rather
relevant for the production phase. This is again relevant for the consump-

tion of abiotic materials though but because preliminary phases of the
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value chain are not considered, this aspect is not relevant for the whole

phase (Federal Environmental Agency, 2002).

During the use phase, the transportation of cream cheese from the retailers
to the consumer is analysed. The very use phase itself — meaning the con-
sumption of cream cheese by the final consumer — is not connected to any
significant environmental impact. The most relevant resource category of
that phase derives from the energy consumption but on the whole it is only
of average relevance because cooling energy is partially due to the exist-
ence of other products in the cooling shelves or fridges. The cooling en-
ergy is continuously needed and can vary considerably (Dutilh and
Kramer, 2000). Different LCA (Bernhard and Moos, 1998; Svenskmjolk
(Swedish Dairy Association) conclude, that energy consumption is im-
portant in that phase mostly due to transportation but negligible compared
to other phases. Nevertheless the Federal Environmental Agency considers
the emissions caused by the transportation and the packaging in that phase
as relevant aspects (Federal Environmental Agency, 2002). The emissions
point to the relevance of the category energy; packaging is not connected
to additional resource consumption and is therefore not analysed further-
more. Regarding the route of transportation of products by consumers a
Hungarian study concludes that per household and year about a total dis-
tance of 300 to 500 km is covered for purchasing food (Massari, 2002).
Another LCA concludes that the transportation of a product by car plays a
rather important role (Diers et al., 1999). The consumption of water is in-

stead less relevant.
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The packaging deriving from cream cheese packages are most relevant in
the waste treatment phase. The relevance is rather low because the re-
cycling systems mainly offer a treatment for such packages. But the raw
material consumption connected to recycling is not considered here (en-
ergy, wastewater, emissions) because the resource intensity is low related
to the whole life cycle and per service delivered (200g boxes or a relevant
service unit enjoying a slice of bread with cream cheese). Furthermore the
waste treatment of product waste that might not be consumed is not con-
sidered although the prevention of such product waste would have a no-
ticeable influence on the whole life cycle. The idea behind is that a re-
duced resource input will lead to several reductions of waste and therefore
costs in purchasing, processing and disposal along the whole life cycle

chain. Table V summarises the results below:

Raw material procurement Relevance

Most important raw material: milk A, B, W, E

All resource categories relevant but highest resource consump-

tion: biotic material and water

Energy is used for milking and storage (cooling) of milk pro- | E

ducts

Assigned resource intensity in points for the waste treatment phase:

A:1,B:3, W:3,E:2

Production Relevance

Not very energy-intensive E
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phase is rather relevant for the production phase
Relevant for the consumption of abiotic materials though but
because preliminary phases of the value chain are not con-

sidered, this aspect is not relevant for the whole phase

High relevance of the category biotic materials: milk most im- | B
portant material

Average relevance was identified for water and energy

Major part of fossil primarily energy demand for production is | E
needed outside KJS

Energy consumption: one of the most important aspects E
Production of milk products is comparatively water intensive, | W
(for cleaning purposes: high hygienic standards).

average losses of raw material in the production process: less | B
than 2%: irrelevant, could be used as side product (e.g. fodder).

The resource use for packaging that was identified for the use | A

A:1,B:3,W:2, E:2

Assigned resource intensity in points for the waste treatment phase:

Use Relevance
Cooling energy E

Energy consumption important: transportation but negligible | E
compared to other phases

Emissions caused by transportation and packaging relevant as- | E

pects: relevance of the category energy

Packaging irrelevant

Route of transportation for purchasing food E
Transportation of a product by car rather important E
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Consumption of water irrelevant

Assigned resource intensity in points for the waste treatment phase:

A:1,B: 1, W:1,E:2

Waste treatment Relevance

Packaging deriving from cream cheese packages most relevant | - (in Germany)
Relevance for Germany rather low: recycling systems offer

treatment for such packages

Assigned resource intensity in points for the waste treatment phase:

A:1,B:1,W:1,E: 1

Table V. Central results of scientific studies on life cycle aspects of cream cheese, by life
cycle phases and with indication of relevance for the resource categories abiotic (A), bi-
otic (B), water (W) and energy (E) (adapted from Kuhndt et al. 2002; Wallbaum and
Kummer, 2006)

The studies mentioned above (Hegaas Eide, 2002; Svenskmjolk n.d.;
Kauppinen et al., 2008b; Kaiser ef al., 2008) conclude that the agricultural
production phase is the most resource-intensive one regarding the whole
life cycle of cream cheese. Of subordinated relevance is the production as
well the use phase — the order of those two can alter though, depending on
the point of view. Milk and cream cheese as easily perishable goods need
to be cooled during their whole value chain, which makes energy a rel-
evant category. The life-cycle wide relevance of the single phases regard-
ing the resource consumption is assessed in step two of Table VI. The
phase of raw material procurement and production proved to be strongly
relevant here. In step three, these values are multiplied by the results of

step one.
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Hot Spot Analysis of _ cream cheese.

Step 1: Assessing the resource-intensity within each life cycle phase.

Life cycle phase | Raw Production | Use Waste
material treatment
Resource procure-
category ment
Abiotic materials 1 1 1 1
Biotic materials 3 3 1 1
Water 3 2 1 1
Energy 2 2 2 1
Step 2: Assessing the resource-intensity between the different life cycle phases.
Life cycle phase | Raw Production | Use Waste
material treatment
Resource procure-
category ment
Non-energetic 3 2 1 1
Energy 2 3 2 1
Step 3: Identification of hot spots on the basis of steps 1 and 2.
Life cycle phase | Raw Production | Use Waste
material treatment
Resource procure-
category ment
Abiotic materials 3 2 1 1
Biotic materials 9 6 1 1
Water 9 4 1 1
Energy 4 6 4 1

Table VI. Hot Spot Analysis of cream cheese (adapted from Kuhndt et al, 2002;
Wallbaum and Kummer, 2006)

The most important life cycle phases regarding resource intensity are iden-
tified. Referring to step three in Table VI based on the scientific results
mentioned above, relevant hot spots appear in the raw material procure-
ment phase in terms of biotic materials (9) and water (9) as well as biotic
materials (6) and energy consumption (6) during the production phase.
The high-energy consumption derives mostly from the constant need of

cooling which is relevant for all life-cycle phases. For the fodder con-
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sumption biotic material is most relevant which is accounted in the raw

material procurement phase.

4. Conclusions

The Hot-Spot-Analysis seems to be a good opportunity for companies to
address resource efficiency potentials that are at the same time relatively
cost moderate. Several companies have adopted this methodology in their
management system in order to define their needs of action. The specific
results are confidential because of high importance for competitiveness in
their market. Therefore it could be established that the methodology is ac-
cepted and used for a first screening step in complex value chains with
several stakeholder requirements. The different companies have imple-
mented lots of arrangements that affected the sustainability level posi-
tively approved by external experts and stakeholders (Kuhndt et al., 2009).
Secondly they often got results that were surprising — for example great
difference of resource efficiency rates between similar product chains and
same products. Some compared value chains showed differences of a fac-
tor four of resource efficiency producing the same product (Kuhndt et al.,
2002). Some companies used a sustainability indicator set for estimating
the hot spot including social and economic criteria. The methodology gave
them the possibility to this and resulted in reliable decisions for example
other agricultural methods, social acceptable contracts with land workers,
hygienic standards, working conditions etc. The companies used it for
strategic management decision concerning designing value chains, elect-
ing of suppliers, asking for and helping for more sustainable management

in the different process stages. Another important practice was using the
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systematic view on value chains for marketing and communication tools
that will position them at the POS. In conclusion: Due to this methodol-
ogy, companies are able to identify hot spots of resource consumption and
other sustainability topics in their product chains in order to take counter-
measures. Although the Hot Spot Analysis appears as an instrument ap-
plicable for companies of all sizes and budgets, there is still the require-
ment for understanding and collecting scientific information before per-
forming the analysis. On the other hand, this does not necessarily need to
be done by each company itself but could be done, e.g., by branch organi-

sations.

The Hot Spot Analysis is also applicable to the macroeconomic level. This
could be relevant for political decision makers, for instance in the context
of land use competitions or when developing instruments for promoting

sustainable consumption and production.

The Hot Spot Analysis won’t substitute the necessity of material intensity
analysis or LCA because it only provides indicatory information. The Hot
Spot Analysis is even dependent on certain MIPS or LCA studies already
done. However, Hot Spot Analysis can help companies in using existing
life cycle studies without the continuous need for creating or ordering
time- and cost-intensive conventional life-cycle analyses by themselves
with their need of a high amount of data or information. For the Hot Spot
Analysis presented here the problems of time- and cost-intensity do not

apply but it clearly does not substitute a material flow analysis (e.g. MIPS
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analysis) or — as a next step - a detailed LCA. However, the Hot Spot An-
alysis can provide a foundation for more detailed analyses because it
points out relevant needs for action where at first detailed data analyses
must follow. Adapted indicator sets for measuring sustainability will help
to clarify the situation and result in action points with high potential for
sustainability effects.

The examples examined in this paper show that compared to other life cy-
cle phases the extraction is of high importance, which is confirmed by
several studies in the food sector. Talve (2001) concludes that in a LCA
for beer, Hogaas Eide (2002) and Sevenskmjolk (n.d.) for milk and Mol-
ler, Vold et al. (1996) and Carlsson-Kanyama et al. (2001) for meat. Also
the use phase can have a high relevance, especially when storage and pre-
paration of food is connected to high energy consumption (cooking, cool-

ing or deep-freezing).

Numerous studies (Baudisch et al., 2004; Hirschfeld et al., 2008; Kaiser et
al., 2008; Kauppinen et al., 2008a; Kauppinen et al. 2008b) show that
foodstuffs based on animal products are connected to higher resource con-
sumption than those based on vegetable origins. Food that underwent a
complex processing (cooling, cooking, baking, heating up, pulverise) is
characterised by high-energy consumption in the production, as well as
use phase. In case of easily perishable goods, the cooling process needs to
be guaranteed for the whole value chain, which leads to an additional en-
ergy demand. Waste treatment does not usually play a significant role but

the prevention of waste is reflecting on the whole life cycle. While the rel-
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evant processes in the production and use phases seem to be represented
well in Hot Spot Analyses of foodstuffs, the relevance of fodder produc-
tion and the relevance of food waste prevention are aspects that might be
underestimated within the system boundaries applied in the case studies of

this paper.
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