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Introduction
Instead, it was decided to incorporate (and add)
social dimensions that can be understood as life
(or in this case ‘festival’) -supporting systems. To
our understanding these include: food, water,
energy, mobility, and consumption and production
materials. Moreover, with regard to the ecological
dimensions, many, if not all, are applicable to
DGTL. However, in this case, choices were made
based on relevance, data availability and urgency
to the Dutch context. The ecological dimensions
are an expression of the supporting systems. The
selected dimensions are: climate change (CO2),
air pollution (NOx), chemical pollution, freshwater
withdrawals, and unseparated waste. As such we
measured food, water, energy, mobility and consumption materials in their outputs of CO2, Nox,
Chemical pollution, fresh water usage and waste.
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This guide describes how we interpreted Kate
Raworth’s Doughnut and applied it to festival level.
We understand that looking at the website can
raise questions about numbers and calculations
made. By including this document, we hope to
answer these questions and provide an overview of
our methodology to facilitate the replicability of the
process.
The essence of Raworth’s Doughnut is that the
world around us has two fundamental boundaries:
an inner social boundary, and an outer ecological
boundary. The ecological boundary represents the
maximum pressure our planet can handle. This
‘ceiling’ if you will, is a cap on environmental
impacts such as CO2, NOx, and waste. In turn,
an inner, social boundary represents human needs
which must be met. This foundation is measured
by assessing access to fundamental demands such
as food, energy, and transport. As human beings
we need to live between both boundaries.

2. Calculating boundaries
The second step was to calculate boundaries for
the chosen impacts. This means that the maximum
boundaries set for global impacts had to be reduced to boundaries for festival impacts to not be
crossed. Given the complexity of translating planetary boundaries into festival boundaries, we
attempted to use the Thriving City Portrait - a
scientific paper co-written by Raworth about transforming planetary boundaries into city ones - as a
guiding framework. This document hasn’t officially
been published at the moment of writing (April
2020) and therefore hasn’t been included in the
reference list.
Regardless, assumptions presented in this work
were not (yet) transferable to our research.
Hence, we needed to explore other approaches to
establish our festival boundaries.

1. Identify festival dimensions
Firstly, the context-specific characteristics of the
festival - which range from its size and services
to its accessibility and location - mean that only a
select amount of dimensions can be addressed.
These characteristics were identified in a co-creation session with people from the private sector
(DGTL), public sector (Municipality of Amsterdam) and a knowledge institute (AMS Institute).
In this collaboration it was concluded that many of
the social dimensions are hard to quantify and
particularly ambiguous in the context of a festival.
For instance, it is believed that dimensions such
as peace, justice, and political voice do not fall
within the scope and competencies of a festival.
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3. Data gathering
Thirdly, to estimate and assess the impacts in
question data had to be gathered, information on
the selected festival supporting systems had to be
collected. Such information includes energy sources
utilized to power stages, food products and quantities sold on the festival terrain, modes of transport
used by artists and suppliers, and consumption
materials sold on site. After collecting this data,
associated environmental impacts were approximated. In our research estimations of impacts such
as CO2, NOx, and chemical pollution were made
based on calculations published in peer-reviewed
journals. Below are explanations per impact of how
we used the data and what calculations were made
where applicable. Notably, only direct usage by the
festival is included; embedded impacts (the indirect
water usage to produce the food on the festival for
example) lie beyond the scope of this research.
The original data sheets are not included in the
appendix due to privacy reasons. However, some
of the materials, including the scripts to process
the data and make the doughnut, and non-privacy
related data can be found on the final page of this
methodology. For further questions on data
gathering or usage, please reach out to us at:

Apart from the Thriving City Portrait, we delved
into other initiatives over the course of this eight
month project, but unfortunately none of them
provided a specific method that could be applied
to festival level. Given that at present, a suitable
method remains unavailable, we decided to use a
zero boundary for all festival impacts, meaning that
only reducing an impact to zero would be sufficient
in terms of environmetnal justice. This decision was
motivated by the core ideology of circular economy
theory, which implies that all impacts – and therefore the use of new resources - should always
be as low as possible (Potting et. al, 2017).
The zero boundary is the guiding reference point
of the Doughnut visualisation presented on the
website. In this Doughnut, the zero boundary is
visualized on the middle of the y-axis. This location was chosen with the idea that the environmental impact of a festival system could be less than
zero, and hence, positive in this case. This could
be for example when all resources are upcycled
with no remaining residual waste or when energy
is generated at a higher rate than it is consumed.
The boundary is exceeded when the impact of the
system is larger than zero, which in the case of
DGTL 2019 meaning it has an overall negative
environmental impact. Notably, the Doughnut
represents a snapshot of the festival’s journey to
circularity in which cumulative impacts for one
edition are visualized. To achieve a more in depth
understanding of the impacts of the festival, bar
charts were made to show the contribution of festival systems to specific impacts over a course of
time. In this way, a more complete and accurate
story can be told in which the results of measures
taken by the festival over time can be better
understood. If you are interested in the method
behind the Doughnut visualization, we would like to
refer you to the github page of this project.

festivaldoughnut@gmail.com
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CO2 emission
a. Vehicles
To calculate the emission of vehicles, visitors'
vehicles to get to and from the festival were not
taken into account. It was assumed that DGTL can
not dictate visitors' modes of transport and therefore, CO2 emissions of this group were left out of
the calculations.

Table 2. Total CO2 emission vehilcles

Table 2. Total CO2 emission vehicles

b. Airplanes
In the case of DGTL, the CO2 emissions from
aviation were generated by artists flown in to
perform at the festival. Again, flights of visitors and
corresponding emissions were not taken into
account for the same reasons mentioned before.

Based on previous research executed by DGTL we
used the same methodology to calculate carbon
emissions of suppliers vehicles. In this methodology, CO2 emissions of vehicles were based on
three characteristics: vehicle type, distance and
fuel.

CO2 emissions of flights were calculated based on
type of aircraft, distance and emission factor. In
the Excel sheet (see appendix) the plane engine
was chosen. To calculate the CO2 emissions of
the flights taken by the artists to attend the festival,
different types of aircrafts and their engines were
accounted for. Given that most flights were intra-continental, we made the assumption that all
artists flew with the most popular aircraft for shortto medium-haul flights (0-6 hours), the Boeing
737. For the artists flying in from other continents,
the Airbus 350 was the assumed aircraft of
choice. (All artists flying in from the US flew with
Delta, an airline that exclusively uses the Airbus
350 to fly to the Netherlands).

For each vehicle the distance that it drove was
noted. This distance was multiplied by its consumption and emission factor. This resulted in the
associated CO2 emissions of each vehicle in kg
CO2 from Tail to Wheel (TTW). An example for
each vehicle type is provided in Table 1.

L Table 1. CO2 emission per vehicle

The airplane type corresponds with an emission
factor and a consumption for the vehicle's motor.
The tool calculates the CO2 emission for a flight
from a given location to Amsterdam. By multiplying
this by the total distance flown by such an aircraft,
the total CO2 emission was calculated. table 3
shows the total outcome. Due to the complexity of
the calculations, we refer to the CO2 data sheet.
Due to privacy reasons this could not be included
in the appendix, but as mentioned before, this data
can be requested upon at the DGTL organisation.

Secondly, summing this CO2 emission per vehicle
type gave the output in CO2 TTW below. Table
2 shows the results of the calculations. To easily
calculate the total CO2 emission per vehicle, the
SUMIF query from Excel was used. =SUMIF (row
that represents the vehicles, ‘’specific vehicle’’, row
representing the emission). Thus, to calculate the
total CO2 TTW for cars, the formula was as
follows: SUMIF = (F4:F438, ‘’auto’’, L4:L438).
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Table 3. CO2 emission aircraft

For the diesel generator, we used the same factor
of 2.6 to calculate theLorem
totalipsum
amount of CO2 TTW
[kg] that was emitted by the generator. For the
biogas generator another emission factor was used
because this fuel is less carbon intensive. The
biogas generator runs on compressed natural gas
and has a factor of 0,05444 kg/CO2 per unit.
The Environmental Protection Agency set this factor
for units in standard cubic foot. The usage in
Litres is unknown. Therefore the assumption was
made that this is similar to the usage of the diesel
generator.

c. Machinery
A third group for which CO2 emission was calculated is machinery which can be divided into
machinery to build the festival terrain and generators. For the building machinery, the associated
CO2 emissions were calculated based upon the
following characteristics:
1. The vehicle type. There are 4 types of
vehicles that were used in 2019 to prepare the
festival: a manitou, a gator, a telehandler and a
hoist vehicle.
2.The amount of time a vehicle was in
use (hours).

Table 5. CO2 emission generatiors

3. The usage of fuel per vehicle as shown
in the table below. Multiplying L/h times the total
amount of hours a vehicle is used gives the total
liters of diesel used by these vehicles.
4. The emission factor of diesel: 2.6. This
factor represents the amount of CO2 in kg that is
emitted when burning 1 liter of diesel. Multiplying
this factor times the amount of litres gives the total
amount of CO2 TTW in kilogram.

Table 4. CO2 emission machinery

5

NOx emission
a. Vehicles

This guidebook presents a calculation model to
estimate domestic landing/take-off (LTO) emissions of airplanes. LTO emissions, including NOx,
have an immediate impact on human health and
ecosystems. Impacts of aircraft operations at lower
ground especially on local air quality have been
recognized and are therefore worth investigating
and incorporating in our calculations. The model
does not calculate the NOx emissions for the climb/cruise/descent (CCD) phase given that the
direct local effects are not clear for this stage. LTO
emissions occur at six different stages: the
taxi-out, take-off, climb out, approach, landing,
and taxi-in. While LTO emissions mostly depend
on the type of aircraft and engine, they also
depend on the duration of stages 1 and 2 (taxi-out and taxi-in) which in turn depends on the
airport under investigation. (For instance, a large
and busy airport like Schiphol will emit a lot of
LTO emissions given that runway queues result in
longer taxi-out and in phases). The adopted
model takes different scenarios into account and
therefore presents a relatively accurate estimation
of the aircraft related NOx impact on the Amsterdam region.

We calculated NOx for vehicles based on the
guidelines report 2019 ‘’Emissiefactoren voor
Snelwegen en Niet Snelwegen’’ (2019 Emission
Factors for Highways and Non Highways) published by the Rijksinstituut voor Volksgezondheid en
Milieu. This report presents several factors influencing both NOx and NO2 emissions. These include;
category of traffic (light transport, middle-heavy
transport and heavy transport, etc.); vehicle type
(passenger cars, delivery vans, lorries heavier or
lighter than 20,000 kg, etc.); and the type of
road as well as flow through (country roads, city
normal, city stagnating, etc.). Luckily, DGTL festival collects the aforementioned information (as well
as covered distance) of all its suppliers which
makes the quantification of NOx emissions very
much achievable. By multiplying the total distance
of each vehicle with the emission factor of Nox,
the total NOx emission for vehicles was calculated.
In 2019 this was 77,9 kg.

Table 6. Nox emission vehicles

b. Airplanes
Figure 1. Aviation activities

We calculated the NOx emissions of airplanes
based on the Aviation Guidebook 2019 published
by the European Environmental Agency (see
refrence list).

6

c. Machinery

To calculate the NOx emissions of the flights taken
by the artists to attend the festival, the same
assumptions as in the CO2 section, with regard
to different types of airplanes and their engines
were made. Noteworthy, differentiating between
aircrafts for short- and long-haul flights is critical
given that an Airbus 350 will emit more than three
times the amount of NOx than a Boeing 737. The
following table summarizes this information:

In the Netherlands construction is one of the most
NOx-intensive sectors. Heavy-duty diesel machinery used for construction is predominantly fueled
by EURO6 and STAGE IV. Hence, accounting for
all the building and breaking down of the festival
was crucial when aiming to assess total NOx
Emissions. A calculation by dieselnet.nl estimates
the NOx emissions per liter of diesel (with an
energy content of 10.65 kWh) in the following
manner:
0,40 gram NOx x 10,65 kWh per liter diesel =
4,26 gram NOx per liter diesel
No further information on the NOx intensity
of different machinery was found. Hence, only the
type of fuel was used to estimate NOx emissions
of the machinery.

For this, the same tool as to calculate CO2 was
used which can be found in the enclosed appendix
that is part of the github. This can be found on
the last page of this methodolgoy.
From this tool we could see that the Boeing 737
- 900 - which is assumed to be used for short
distance flights - emmits 12,052 kg NOx during
the LTO stage. Multiplying this emission by the
amount of short distance flights gives us the following calculation: 12,052 x 123 = 1482,4 kg
NOx.
When filling in the Airbus A350 in the tool, the
NOx emission was calculated for large intercontinental flights using the A350 Airbus. For these
flights, the NOx emission was set at 39.855 when
the plane leaves from Schiphol, Amsterdam. In
total there were 8 of these flights transporting
artists to the festival. This led to the following
calculation:
39,855 x 8 = 318,8 kg Nox
Adding the NOx emission of both long distance
and short distance flights gave us an emission of
:1801,24 kg NOx for the transport of artists by
flights.
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Chemical pollution

Fresh water usage

Chemical pollution is a broad concept. A product
is considered chemical if it is or contains products
such as batteries, lamps, lamp oil, petroleum, pesticides, medical waste, paint products, photo developers, hydrochloric acid, gasoline, engine oil,
waste oil and oil filters. These elements fall under
small chemical waste (Klein Chemisch Afval) and
should be separated from regular residual waste
(Gemeente Amsterdam, 2020). To identify the
amount of chemical pollution at a festival as specific as described above requires a huge amount of
time and resources. As we did not have these
available, we chose to work with plastics as a form
of chemical pollution. These include backstage
plastics such as decoration and frontstage plastics
like cups, tableware and water bottles. For 2019,
the main source of plastic pollution was hardcups
and PET bottles. In total these made up for 770
kg of the festival’s total residual waste.

For fresh water, a combination of tap water and
water to flush toilets was used. Although fresh
water to flush toilets goes directly into the sewage
and can be filtered by Waternet, it is still considered ‘’fresh water usage’’. The reason relates to
DGTL’s ambition to only use sanitation with water
free compost toilets by 2020. Not using water in
the first place saves the energy and cost of
cleaning the water afterwards. Therefore, we think
all festivals should strive for this ambition. For
DGTL this means that in 2019 the fresh water
usage was a total of

Note: We believe that over time, and with more
stakeholders involved, the calculations for chemical
pollution of a festival could be more extensive by
including a combination of products that are harmful to the environment

Wide scale implementation

Tap:
Sanitation:

22000 L
188408 L

For more information about the visualisations and
datasheets, please have a look at the github file
which can be found on the next page.

Please note that in the perspective of the writers
it is encouraged to search for more ‘tailor made’
boundaries for the environmental impacts of the
Doughnut. While universal zero boundaries are
certainly worth striving for, they may be extremely
difficult to reach for certain festivals. Indeed, given
the varying characteristics of festivals, context-specific boundaries must be set. This way the
environmental performance of festivals can be
compared more accurately regardless of varying
size, location, or number of attendees. For now,
the Festival Doughnut is not a tool meant for
impact comparison, rather, it is a product that
provides learning opportunities. It presents a
universal, systematic methodology to assess the
performance of systems, and simultaneously provides insights into the various measures and steps
that festivals are taking to become more climate
neutral places.

Residual waste
Defining residual waste is a hard task as festivals
generate a lot of different waste streams. Tracing
their final destination and defining what belongs to
residual waste can vary per festival depending on
the measures. We decided to include all resources that are downgraded or incinerated after
usage. This is very clearly identified in the MFAs
DGTL created over the past three years. In 2019,
the residual waste was 3700 kg. This includes all
materials (backstage and frontstage) that were not
reused or processed in such a manner that the
materials could be used for the same or a different
purpose.
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