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Conversion factors

Below is a list of common conversion factors that may be needed to perform climate
calculations in the calculation tool. If plant-specific values for the methane and energy
content of the biogas are available, these can be used instead of the suggestions below.

1g/kWh = 1kg/MWh

1pe =70 g BOD7/day

1 MWh fuel oil = 0,085 ton = 0,1 m3

1kgN,O-N =1,57kg N, O

1kg CH,-C=1,33kg CH,

1ton of digested, dewatered sludge = 1 m3 digested, dewatered sludge
1 Nms3 upgraded gas = 0,7 kg = 9,8 kWh = 0,0008 MWh

1 Nms3 raw biogas = 1,1 kg = 6,5 kWh = 0,0065 MWh

Methane content in raw biogas about 65%
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1 Background

This manual presents the structure of an industry-wide climate calculation tool for the
Swedish Water and Wastewater industry. The tool, which has been developed in Excel,
should enable water and wastewater utilities to calculate their climate impact from the
operation of water and wastewater facilities in a simple way. The term “water and waste-
water facilities” refers to drinking water plants, sewer system and wastewater treatment
plants. Based on the results of the climate calculations, water and wastewater utilities
should then be able to gain more knowledge about the climate impact of their facilities,
distribution of impact between different parts of the facility as well as different types of
emissions, and then start working to reduce the facility’s climate impact.

The aim of developing the tool is to lower the threshold and make the work with cli-
mate calculations more efficient for the Svenskt Vatten members. It is also to facilitate
comparison, cooperation and benchmarking within the Water and Wastewater industry
through jointly defined system boundaries and emission factors.

The manual also includes instructions on how users can calculate the climate impact
of the operation of water and wastewater facilities. The structure of the calculation tool
and user instructions can be found in Chapter 2 and 3. Chapter 4 gives tips and advice
on how the user can quality assure own emission factors. The manual also discusses
uncertainties in the tool and possible improvement measures (Chapter 5) and all refe-
rences used in both the calculation tool and manual (Chapter 6).

11 Other climate calculation tools

Swedish wastewater treatment plants can already calculate their climate impact in a tool
developed by VA-teknik S6dra (2021). The tool was developed in 2012-2013 and updated
with new emission factors in 2021. The tool allows both site-specific and estimated emis-
sion factors and the result are presented on an annual basis in a similar way as in this
tool. The VA-teknik Sédra tool can be considered more complex and the threshold for
climate calculations is thus higher. The tool is also not adapted for drinking water plants.

Svenskt Vatten’s counterpart in Norway and Denmark; Norsk Vann and DANVA have
also developed climate calculation tools in Excel for 2020 and 2021 that are adapted to
both wastewater treatment plants and drinking water plants.
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2 Tool structure

The climate calculation tool is developed in Excel and consists of nine tabs which are pre-
sented in detail below. The tool is based on life-cycle analysis and calculates the climate
impact at the plant level where it is the operational emissions that are calculated: both
direct emissions from the plant and even emissions that occur upstream (e.g. chemical
production) and downstream (e.g. treatment of residual products). The data requested
in the tool is provided on an annual basis and it is the facility’s climate impact for a
calendar year that is calculated.

The calculation tool is based on the GHG protocol (e.g. “Greenhouse gas protocol “)
and its structure, but does not follow it to the letter. The GHG Protocol is a collection
of standardised frameworks for calculating climate impacts at the organisational level,
but also at the product level (Greenhouse Gas Protocol, 2022). The GHG protocol is an
internationally recognised framework and is used as a basis for calculation for organi-
sations that want to join the Science Based Targets (2022).

The GHG protocol categorises an organisation’s direct and indirect emissions of
greenhouse gases into three so-called “ scopes “. Scope 1 includes direct greenhouse gas
emissions from sources owned by the organisation in question. Scope 2 includes indirect
emissions of greenhouse gases originating from the production of purchased electricity,
heat and steam. Scope 3 includes other indirect emissions, for example from purchased
materials, waste management and emissions from transport where the vehicles are not
owned by the organisation in question (Science Based Target, 2022).

There are a number of activities and areas which are normally included in a calcu-
lation according to the GHG protocol for organisations, but which are not included in
this calculation tool because they are not relevant to plant operations. The activities
not included here are capital goods, business travel, employee travel to and from work,
investments, franchises, and leased assets. The figure below presents the demarcations
made with regards to the GHG protocol.

Scope 3 - downstream
Indirect emissions

Scope 1

Direct emissions

Scope 3 - upstream
Indirect emissions

purchased energy
for activities

8. Upstream
rented assets

Production of goods, Activities owned by Transport and ansgement of
services and fueh . distribution ol procucts
the organisation .
1. Purchased 9. Downstream 10. Processing of
material and services transport and sold products
distribution
o
products
Activities of franchives
and investment
7. Employees travel Smpe 2 12. Waste
related services "
to and from work " _— management of
Indirect emissions R
Operation of rented assets Waste management Production of Operation of rented assets

13. Downstream
rented assets
m cluded

The tool calculates the climate impact excluding biogenic carbon, i.e. emissions of carbon
dioxide from bio-based sources are excluded in the calculations (the carbon uptake from
the atmosphere is offset against the carbon emitted during combustion or similar). An
example of biogenic carbon is the carbon contained in gaseous and liquid biofuels. The
carbon in the fuel is initially taken up from the atmosphere and then released back into

owned by the
organisation

Figure1

Boundaries of the GHG
protocol, where the
coloured boxes show
included scope and
sub-scope.
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the atmosphere during combustion. The incoming carbon sink and resulting carbon
dioxide emissions are not included because the carbon balance over a certain period
is zero.

2.1 Systemboundaries

The system boundary of the climate calculation tool is set to the operation of drinking
water production and wastewater treatment plants. The tool is divided into two plant
parts, wastewater treatment plants and drinking water plants, where the sewer system is
included and accounted for separately in each plant part. The figures below show the sys-
tem boundaries of the developed climate calculation tool. Most of the operation-related
emissions, including upstream and downstream emissions, are included in the system
boundaries. Examples of upstream emissions include the production of fuels, electricity
and chemicals, and examples of downstream emissions are the handling of residual
products. Emissions of methane and nitrous oxide in the sewer system are not included.

o T hl
I |
| |
| Sewer system Sewer system |
I |

[ i BN Y
el [} = -
= i — — 3 o 0ol i

Used water | Wastewater treatment plant Recipient |
| |
I |

The figure below presents similar system boundaries for drinking water plants. Again, all
operation-related emissions are included. The tool does not take into account different
qualities of drinking water or possible impurities that may accompany it.

I -
| |
i i
} Sewer system Sewer system l
| |
| | = | F
N |
L =O- D% —> —— | o
! mmm _=
| 0 i
: Raw water source Drinking water plant ! Drinking water
I
| |

Infrastructure, such as buildings, process equipment, renovations and new investments
in equipment are excluded. Filter media (sand and activated carbon) are counted as
consumables here and are therefore included in the climate calculations.

Figure 2

System boundaries for
wastewater treatment plants
in the climate calculation
tool.

Figure 3

System boundaries for
drinking water plants in the
climate calculation tool.
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3 Instruction for calculation

In section 3.1—3.4 the structure and content of the climate calculation tool for drinking
water and wastewater treatment plants are presented in detail. The aim is to use this
information as a guide when carrying out the climate calculations.

Throughout the calculation tool, the idea is that the user should enter data or informa-
tion in the boxes marked in green. Other boxes do not require any additional information
from the user. Depending on the section, not all green boxes need to be filled with data
but only a selection. This is clarified in the tool and in the different sections below. Avoid
entering text in the green boxes as this will cause calculation errors in the tool. Rather,
use the sheet at the back of the tool to write notes.

3.1 Coverpage

The first tab (“Instructions”) contains general information and instructions on the basic
functions of the calculation tool, such as where the user enters data, where the result is
presented and where additional information can be found, see the figure below.

How do | add or update data in the tool? Figure 4
Data are entered in the green fields in the tabs called "Enter data here" Summary information

and "Enter data for chemicals here". Also data for transport and forthe userinthe
own emissions factors are entered here introduction to the tool.
Enter data for one plant at a time.

The results are presented in the tabs "Results presentation in table",
"Results presentation in graph” and "Results presentation in benefits”.

‘ \’\’\ Where are the results presented?

Looking for more information?
If you are interested in knowing more about the tool, you can read the
complementary user manual available for download at Svenskt Vatten

On the front page, the user can also enter basic information about the facility for which
the climate calculation is being made in the green marked fields, see the figure below.
The purpose of this is to make it easier for larger water utilities that have several facil-
ities to calculate for, as well as to be able to follow up the results more easily between
different years. It is optional to enter information in the green fields here, but it may
facilitate future checks.
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Treatment plant:

Type of treatment plant:

Address:

Water utility:

Contact person:

3.2 Inputsto the calculation tool

The calculation tool is developed with two input tabs, one listing all chemicals that can
be used in connection with drinking water production and wastewater treatment and
the other containing all other items for calculating climate impact: fuel, electricity and
heat consumption, treatment of residual products and direct emissions from wastewater
treatment plants. The tool is divided into two input tabs for practical reasons, there is no
other difference between the tabs. Both drinking water and wastewater treatment plants
must fill in information in both tabs; the tool is not divided into a tab per type of facility.

For most sections of the tool, many options are offered, for example several different
waste management methods. It is important to remember that all lines do not have to
be filled in, but the user selects the options that are relevant for the facility.

In connection with the input fields, the emission factors of the materials are also
presented. An emission factor is a number that describes the environmental impact
of the material, in this case climate impact, in a life cycle perspective and where all
greenhouse gases have been converted to acommon basis of calculation: carbon dioxide
equivalents. For example, an emission factor may be calculated as 1000 kg of carbon
dioxide equivalents per kg of a certain chemical, describing the climate impact of the
chemical from alife cycle perspective, from extraction of raw materials, transport of raw
materials, energy consumption during production, management of production waste
until the product is finished and ready to be shipped to customers.

Most emission factors are given with a high degree of accuracy, but it is important to
bear in mind that for some emission factors the figures are not exact. This is the case for
example for chemical emission factors, where the number should be seen as an indication
rather than an exact value despite the large number of values.

3.21 Keyindicators

At the top of the first input tab ("Enter data here") is a section for key indicators which
are used to relate the calculated result to various metrics. For drinking water and waste-
water treatment plants the user should fill in information on three indicators each, as
shown in the figure below. All measurements must be filled in on an annual basis for the

Figure5

Information about the
plant that the user can
fillin.
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year in question. When filling in the data in the tool, it is advantageous to use the data
reported in the environmental report.

Person equivalents (pe) is calculated as 70 g BOD7 per person per day.

One metric for wastewater treatment plants is the amount of reduced nitrogen during
theyearin question, both with and without specific nitrogen treatment. If the wastewater
treatment plant in question has no reduced nitrogen, the field is either left blank or a
zero is entered in the field.

rinkis reatmen W reatm
Intake of raw water Produced drinking water | Consumed drinking water m?““‘" treated Amount °f nitrogen The load to the
*yr] ™yl m*yr] during the year reduced during the year treatment plant
(mfyr ¥ [m*fyrl [kg N-tot/fyr] [pe]

In future applications of the calculation tool, the indicators can be used to compare Figure 6

climate impacts between different plants. It is also possible to add more indicators or Indicators requested by

metrics in future versions of the climate calculation tool. the user, and which is used
to calculate the resultin

3.2.2 Electricity and heat consumption relation to them.

3.2.21 Electricity consumption

In the next section of the first input tab ("Enter data here"), the user can enter informa-
tion about the plant’s total electricity and heat consumption during the current year.
The electricity consumption is divided into plant operation and sewer system operation.
This breakdown is made in order to be able to distinguish between the share of electricity
consumption used for plant’s operation and operation of the sewer system. In some cases,
the operation of the sewer system can contribute to a high climate impact depending
on geography, type of electricity contract and type of facility (drinking water plant or
wastewater treatment plant). The input field is shown in the figure below.

1a. Electricity: location-based perspective Figure 7
To calculate the climate impact of the facility with an average location-based electricity mix, the user can enter the . .
electricity consumption in the row below. This option does not account for financial or contractual elements in the The ]nPUt field for the
caleulation. electricity consumption of
Electricity consumption Grid Plant operation Emissions factor the p]ant'
(location-based mix) consumption [MWh/yr] comsumption [MWh/yr] [kg CO; e/MWh]

Nordic electricity mix 45

1b. Electricity: market-based perspective

If the company has a contract for the purchase of renewable or fossil-free eletricity, this can be entered in the table
below. If you do not know the origin of the electricity, choose nordic residual mix. In the row "Other” you can add
your own emission factor from supplier.

Electricity consumption Grid Plant operation Emissions factor
(market-based mix) consumption [MWh/yr] comsumption [MWh/yr] [kg CO; e/MWh]

Nordic residual mix 524

Hydropower 3

Wind power 21

Solar power 30

Nuclear power

Biogas,
internally produced

The user enters the current electricity consumption for sewer system and plant opera-
tion on the row or rows that match the water utility’s current electricity contract. Since
2026, water utilities can choose to either fill in the electricity consumption in a loca-
tion-based or market-based perspective (previously, only the market-based perspective
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was available in the tool). Briefly described, the market-based perspective takes into
account contracts and other financial elements to calculate the climate impact of elec-
tricity. That is, if an organization has a contract for the purchase of renewable electric-
ity, this choice can be accounted for in the climate calculation, and if the organization
does not have a special agreement for origin-guaranteed electricity, the consumption
is entered at the line "Nordic residual mix". This emission factor is calculated annually
by the Energy Market Inspectorate (2025) and includes the electricity that remains
in the Nordic electricity mix after the consumption of customers with agreements for
origin-marked electricity has been deducted.

If you instead want to perform the calculations in a location-based perspective, you
can use the average Nordic electricity grid mix, which instead takes into account geo-
graphical boundaries rather than financial ones. Please read more about how users can
fill in their electricity consumption in Appendix 1. Note that only one perspective should
be used per climate calculation: do not combine both perspectives.

If you have your own information from your electricity supplier about the climate
impact of the purchased electricity, the user can enter this in the last line ("Other") and
enter the current emission factor and the current consumption there.

3.2.2.2 Whatisincludedinthe operation of plants and sewer system?

Plant operation includes all steps and processes from the time the water enters the plant
until the water leaves the drinking water plant or wastewater treatment plant. Inlet
pumps and groundwater pumps must be included in plant operation if they are located
adjacent to the plant.

For drinking water plants, the operation of the sewer system shall include the network
both upstream and downstream of the plant. The operation shall include sewer system
from the raw water source to, but not including inlet pumps and groundwater pumps
if these are located adjacent to the plant. In addition, the operation of the sewer system
must also include the pumping of purified drinking water out of the facility up to the
customer's connection point. This information can be obtained from the municipalities
that own the sewer system.

For wastewater treatment plants, the operation of sewer system shall include the
network from the customer's connection point to, but not including inlet pumps as these
are included in the plant operation. In addition, the operation of the sewer system must
also include possible pumping of treated wastewater from the plant to the recipient. In
the case of the self-collection, no electricity is normally required for the operation of
the sewer system.

For all plants, the total electricity consumption of grid operation must be divided by
the number of plants that share the wiring space. This does not always give a fair picture
if one facility is large and another small, but for the sake of simplicity this principle is
nevertheless applied.

3.2.2.3 Heat consumption

In the same section of the firstinput tab ("Enter data here"), the user can enter data for the
plant's heat consumption during the year. A number of possible heat sources are listed,
and in the last line ("Other") the user can enter own emission factor if a different heat
source other than those listed is used (see figure below). In Chapter 4, there is a descrip-
tion of what the user should consider when using an own emission factor. Not all rows
need to be filled in, but the user selects the heat sources that are relevant for the plant.
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Indirect emissions, Direct emissions,
Heat ption C ption [MWh/yr]
[kg CO; e/MWh] [kg CO; e/MWh]
Fuel oil 21 268
Natural gas
(also city gas and LPG) 42 206
Biogas,
internally produced 0 o

District heating, local
environmental values*

District cooling, local
environmental values**

The emission factors are divided into two parts, direct (emissions from combustion)
and indirect (emissions from production of the fuel). The reason for this is that different
parts of the emissions are divided into different scopes in the GHG protocol. The direct
emissions are allocated to scope 1, while the indirect emissions are allocated to scope 3.
Renewable fuels have no direct emissions as this calculation tool does not take biogenic
carbon dioxide into account.

Emission factors for district heating are obtained in a separate Excel file from
Energiforetagen (2024). In this file, the user can retrieve the climate impact of local
district heating. The fields "Combustion" and "Transport and production of fuels" needs
be summed up before they are entered into the calculation tool. The user should also be
aware that the unit, g carbon dioxide equivalents per kWh, is equal to kg carbon dioxide
equivalents per MWh. The values are updated annually, therefore the user should ensure
that the latest version of the tool is used in the calculations.

For district cooling, there is unfortunately no similar compilation of climate impact
as for district heating (Energiforetagen, 2024). Instead, it is recommended that the user
contact the district cooling supplier and request similar environmental information as
for district heating, i.e., climate impact in kg of carbon dioxide equivalents per MWh of
cooling delivered.

3.2.3 Fueland backup power

In the next section of the first input tab ("Enter data here"), the user can enter data for
fuel consumption during the current year. Fuel should only be reported for the compa-
ny-owned vehicles and for backup power. For transport of products and residual pro-
ducts by external carriers, transport distance and fuel must be reported in the calculation
tool in relation to the products and residual products that are transported. See section
3.2.5 for more details.

The figure below presents the list of fuels, where the user can enter their own fuel
options with emission factors. Note that here also, the fuel's emission factor must be
divided into direct and indirect emissions for correct mapping against the GHG protocol.
Renewable fuels have no direct, fossil carbon dioxide emissions. All lines do not need to
be filled in, but the user selects the fuels that are relevant for the plant.

Figure 8
The input field for the
plant's heat consumption.

SVENSKT VATTEN = CLIMATE CALCULATION TOOL FOR WATER AND WASTEWATER TREATMENT PLANTS 11



Indirect emissions, Direct emissio i
Fuel type Consumption [liter /yr] i e F‘gure 9
| [kgCOsefliter] | The input field for the
Diesel MK3 03 268 plant's fuel consumption
petrol MKL 03 53 for vehicles and backup
power.
E85 1.07 o
HVO (100%) 0.56 o
FAME (100%) 1.10 0
LNG [kg] 0.40 o
Biogas, externally produced
0.36 o
[k

For water utilities that have vehicles that cannot be easily divided between different facil-
ities, the user can divide the total amount of fuel consumed by the number of drinking
water plants and wastewater treatment plants that share the vehicles.

There is no specific emission factor for the fuel EcoPar, which is used by some plants
in backup power plants. Here the user is recommended to enter the amount of EcoPar
consumed in the field for Diesel MK1 as an approximation for EcoPar and to avoid data
gaps.

In the tool in general, it is the person who created the waste that must also bear
the burden of transporting the waste to the disposal site. This also applies to smaller
treatment plants that do not have their own sludge treatment and therefore send the
sludge to larger treatment plants. The climate burden arising from the transport of this
material must therefore be mapped at the plant generating the waste. However, for
individual sewers, which are not covered by this climate calculation tool, the receiving
plant should include the climate burden from transport. This can be done, for example,
in the fuel table above.

In the absence of emission factors for certain fuels in the table above, a tip is to check
at the pump when refuelling to get approximate emission factors for the fuel one uses
(Ny Teknik, 2021).

3.2.4 Residual products

In this tool, no distinction is made between waste and sold products, but all residual
fractions that leave the plant are referred to as residual products. According to the GHG
protocol, both waste management and the climate impact of sold products must be
mapped in scope 3.

In this category, the climate impact from handling residual products and from trans-
porting the residual products to a disposal site is calculated. For more information on
how to fill in information for transport, see section 3.2.5 below.

The user must fill in quantities of the residual products generated at the facility,
expressed in tons per year. All lines do not need to be filled in with information, but the
user enters quantities of the residual products that are relevant for the facility. The figure
below presents the section for residual products.

SVENSKT VATTEN = CLIMATE CALCULATION TOOL FOR WATER AND WASTEWATER TREATMENT PLANTS 12



Truck fuel Emissions factor Emissions factor

Residual produets Handling Weight [tonnes/yr] Transport distance [km] (diesel or fossil free) [k €O, e/tonne] [ke €O, eftkm]
Recycling 0 0.07
Sand
Landfill 20 0.07
Reactivation® 0 007
‘Artivared carbon
Incineration 1600 0.07
Screenings Incineration 420 007
oS ° o
Incineration 124 007
Sludge from wastewater treatment plants Landfill coverage 360 0.07
Soil preduction 360 0.07
Spreadingon arable land 180 0.07
Sludge from drinking water plant and simil: Recycling ° 007
from precipitation of organic sul Landfil 2 007
Lime sludge and similar residual products Recyeling 0 007
from warer softaning
Landfill 20 0.07
Used membrane elements Incineration 3300 007
lon axchange resin Incineration®** 3500 0.07
The residual products that have been identified for drinking water plants and wastewater Figure 10
treatment plants are: Input field for the facility's
Sand residual products and
Activated carbon their transport out of the
Screenings facility.

Sludge from wastewater treatment plants

Sludge from drinking water plants

Lime sludge or pelletised lime

Used membranes and

Used ion exchange resins

Biogasand its utilisations are specified in the climate calculation tool in the section below.

A number of alternative handling methods are available to choose from for most
materials. If the facility's residual products are disposed of in other ways, the user should
select the option in the list that can be considered most similar to the actual disposal to
avoid data gaps.

All residual products are stated in their wet weights. For sludge from wastewater
treatment plants, the emissions during handling depend on the TS content rather than
the wet weight, however, the TS content for sludge from wastewater treatment plants
is specified later in the tool in one of the sections below. Residual product amounts
generated are stated for the current calendar year.

3.2.41 Climateimpact from sludge from drinking water plants

For sludge from drinking water plants, the emission factors for handling still need to be
developed. A common disposal method today is to divert the sludge to wastewater treat-
ment plants, which contributes to an increased load on the wastewater treatment plant.
At present, there is no way to easily distinguish the additional climate load the sludge
from drinking water plants contributes to a wastewater treatment plant, and therefore
the emission factor has been set to zero, although this can be misleading. Even for other
disposal methods (spreading on arable land or as an additive in digesters) fair emission
factors are missing. However, the resulting effect on the overall climate impacts of the
plantis considered to be low, as it is mainly the production of chemicals that contributes
to the climate impact of a drinking water plant.

3.2.4.2 Wastewater treatment plant without its own sludge treatment

For the often smaller wastewater treatment plants that do not have their own sludge
treatment but send the sludge for treatment at another wastewater treatment plant, the
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amount of sludge (wet weight) is indicated in the line "Treatment of undigested sludge
at other WWTPs" and the transport distance to the treatment plant. The climate burden
resulting from sludge handling (for example digestion, dewatering, storage) is mapped
at the receiving facility, as are any benefits resulting from sludge handling.

3.2.5 Transportofinputs and residual products

Transports of residual products and inputs contribute to the overall climate impacts of
the facilities. The transports are carried out, in the vast majority of cases, by external
carriers. In the calculation tool, the transport impact of the input goods and residual
products is calculated in connection with the inventory of these products, because the
transport impact is dependent on, for example, the amount of purchased products.

The calculation tool asks for information on:

e Transport distance between the producer and the facility one-way, alternatively the
distance between the facility and the disposal site if it concerns residual products, and

e Type of fuel.

Today, the user can choose between two different fuels: diesel MK1 and fossil-free, which
in this case is based on an emission factor for HVO. Other renewable fuels, such as bio-
diesel, have similar emission factors as for HVO and it can therefore be a good estimate
if the fuel type is unknown. Only truck transport is currently available in the tool.

A pre-filled transport distance is available for most materials. The purpose of this is
thatif you do not have any information about transport distances, you can still calculate
the transport’s climate impact based on an estimated distance of either 100 or 300 km.
This avoids a data gap if the transport distance is unknown.

Information on transport distance and fuel type is available in environmental and
emissions reports from suppliers and transporters. It is important to enter the distance
between the plant and, for example, the disposal site by road, and not to enter the total
distance travelled during the year by the transporter, otherwise the climate calculations
will be incorrect.

3.2.6 Directemissions of methane from digesters, sludge treatment and
biogas handling

In the next section of the climate calculation tool, emissions of methane from the diges-
tion and treatment of sludge at wastewater treatment plants and from the use of biogas
are calculated. Treatment of sludge entails the initial treatment which usually happens
at the facility just after the digestion: sludge buffer storage, dewatering and storage of
sludge in silos or tanks. Emissions from sludge storage, or hygienisation, is instead
included in the next section: Other direct emissions.

If the user fills in the data for a drinking water plant, this part can be skipped. If the
wastewater treatment plant does not have its own sludge management, this section can
also be skipped. In the figure below, input fields for calculating emissions from digesters
and sludge treatment are presented.
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Digester and sludge treatment - methane (CH,) Figure n
Input fields for the plant's

Ener amount of raw biogas produced during the year, also add the methane content of the . .
gas (volume-%). If you have your own measured value for methane slip from the digester biogas production and
and sludge treatment, enter it below. digester.

Amount of raw biogas produced 3
. Nm’/yr
in the current year:

Methane content of raw biogas

produced: %
Conversion to weight-%: 0 %
Measured value:
Methane em1ss;?::sit'r;: kg CHa/yr
Estimated value:
Methane emiss;?::sit’gor:'! o kg CHa/yr

In order to be able to calculate emissions from digesters and the digester building,
additional information is needed on how much biogas was produced during the year
and the methane concentration in the biogas. The content is automatically converted
to weight percent.

The user can enter a measured value for methane slip from the digester, or an esti-
mated value is calculated based on an emission factor which is based on a compilation
of measurements from the EgMet system. It is important to remember that if there is a
measured value, but the value is zero, i.e., there are no emissions, the user should enter
a low value (e.g., 0.00001 or similar) otherwise the tool applies the estimated value
instead of the measured value.

Whatis included in the estimated emission factor is dewatering, milling, and mixing
tank and digester (Mganusson & Yngvesson, 2023). Digester tanks, dewatering and
temporary sludge storage are included in the selected emission factor. Emissions from
hygienisation of sewage sludge is included in section 3.2.7 below. Data for emissions
are requested in the unit kg methane per year, relevant conversion factors can be found
at the beginning of the manual.

For biogas, five alternative disposal options are available: flaring, cold flaring, com-
bustion in aboiler and upgrading in-house or under the auspices of others. A distinction
ismade between self-directed and third-party upgrading because the resulting emissions
are mapped in different scopes in the GHG protocol. Emissions from upgrading under
own auspices are mapped in scope 1, while emissions from upgrading under the auspices
of others are mapped in scope 3. Here, too, the user can enter an own measured value
for site-specific emissions of methane during upgrading (see figure below).
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Upgrading and use of biogas - methane (CH,)

Enter amounts of raw biogas produced from the digester that goes to the respective
deposit. If you have your own measured value for slip from the upgrade facility, enter it
in the first box.

Measured value

Methane emissions from
upgrading (in-house):

kg CHy/yr

Handling Amount [Nm’hr] Slip [%]
Upgrading (in-house) 0.49%
Upgrading (third party) 0.49%
Combustion in boiler 0.03%
Flaring 2.0%
Cold flaring 100%

Fortheupgrade, methane emissionsintheresidual gasand ventilationlossesareincluded,
where the methane in the residual gas accounts for the largest losses (Magnusson &
Yngvesson, 2023). This emission factor is also based on a compilation of measurements
from the EgMet system.

Currently, the addition of propane when upgrading is excluded. Propane is sometimes
added during upgrading when the gas is fed into the grid, depending on, among other
things, volume, flow, and agreement with the grid owner. Propane is a fossil gas and
burning it contributes to the greenhouse effect. The reason why it has been excluded
in this calculation tool is because the biogas production itself does not require an addi-
tion of propane, but it depends on the agreement with the grid owner. That the burden
should be allocated to the wastewater treatment plant is not entirely clear in this case.
The addition of natural gas to the biogas network is also excluded.

3.2.7 Otherdirect emissions of methane and nitrous oxide from wastewater
treatment plants

In the last section of the first input tab ("Enter data here"), the user can enter informa-

tion about direct emissions from wastewater treatment plants. This part is therefore not

relevant for drinking water plants. The emissions mapped here are:

e Methane emissions from water phase

Nitrous oxide emissions from water phase (biological treatment)

Nitrous oxide emissions from separate reject water treatment

Methane and nitrous oxide emissions from sludge storage

Methane and nitrous oxide emissions from recipient

Carbon dioxide emissions arising from respiration of carbon sources are calculated in
connection with the section where the user specifies the amount of carbon sources pur-
chased, see section 3.2.8 below. However, these direct emissions are mapped in scope 1.

For all the categories above, the user can enter an own, measured value from the
facility if it is available, except for emissions from the recipient where it is assumed that
there are no measured values available. It is important to remember that if there is a
measured value, but the value is zero, i.e., there are no emissions, the user should enter
a low value (e.g., 0.00001 or similar) otherwise the tool applies the estimated value
instead of the measured value. The measured value always precedes an estimated value

Figure 12

Input field for the plant's
provisions for biogas. In
the first cell, a possibly
measured value is entered.
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in the climate calculations, even if both fields are filled. If there is no measured value,
the user can leave the field blank and instead use the estimated value as a template in
the calculation tool.

Common to all sections in this part of the climate calculation tool are the relatively
large uncertainties in measurement data and estimated values from literature. The vari-
ations are usually large between different facilities, and it is therefore difficult to give
an accurate picture of the facility's climate impact based on emission factors from the
literature.

3.2.71 Methane emissions from water phase

The calculation tool takes into account emissions of methane from incoming wastewater
in the wastewater treatment plant. Methane is formed, among other things, in the sewer
system from anaerobic metabolism of organic material by microorganisms. The methane
that is dissolved in incoming water is then released into processes at the wastewater
treatment plant (Tumlin et al, 2014).

The user can enter his own measured value for methane emissions from the wastewa-
ter treatment plant, see the figure below. Note that the emission measurements should
not include emissions of methane from the sludge phase (dewatering, digester, flare,
and digester management). If there is no measured value, the emissions are calculated
based on literature data. In this tool, the same emission factor is used as in VA- teknik
Sodra's tool (2021): 0.0027 kg methane per kg incoming COD (Gustavsson & Tumlin,
2013). The estimate is based on measured emissions from the Henriksdal and Bromma
wastewater treatment plants in Stockholm and are measured in the collected exhaust
air from the water phase.

Figure 13
Input field for emissions of
methane from the water

Water phase - methane (CHy)

The user can fill in measured emissions of methane from the water phase (excluding
emissions from the sludge line). The measurement should include methane from the
biology as well as the inlet or the aerated grit chambers. phase.

If you do not have a measured value, an estimated emission factor is used.

Measured value:

Methane emissions from water

phase: kg CH/yr

Estimated value:

Enter kg COD in incoming water

(per year): kg COD incoming/yr

Methane emissions from water

kg CH.
phase: 0 g CHufyr

There are large variations in measured values from different facilities, and the varia-
tions can be due to the incoming water temperature (Tumlin et al, 2014). For example,
Baresel et al (2022) have measured methane emissions of between 8 and 40 g methane
per kg incoming COD (compared to the chosen emission factor of 2.7 g methane per kg
incoming COD). IPCC (2019) rekommenderar en utslappsfaktor pa 7,5 g metan per kg
inkommande COD.

3.2.7.2 Nitrous oxide emissions from biological treatment
Emissions of nitrous oxide originate mainly from the biological nitrogen removal pro-
cesses; nitrification and denitrification when the processes are incomplete. Here, too,
there are large uncertainties in measured values from different plants, and seem to
be due, among other things, to carbon shortage, low oxygen levels and rapid process
changes (Tumlin et al, 2014).

The user can enter their own measured value for nitrous oxide emissions from the
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biological treatment, and if there is no measured value, the nitrous oxide emissions are
calculated based on a literature value and the amount of influent total nitrogen during
the year. The emission factor for nitrous oxide (as N) is estimated to 1.1% of the incom-
ing nitrogen to the treatment plant (Andrews & de Haas, 2022). Note that the internal
nitrogen load should be included in the amount of influent nitrogen to be able to calculate
the emissions correctly.

While choosing a representative emission factor for nitrous oxide emissions, two
other factors were evaluated: IPCC (1.6%) and the Danish, national factor of 0.84%
(Miljostyrelsen, 2020). The emission factor of 1.1% was chosen since it considers both
IPCC’s references, corrects errors, and also considers new references (including the
Danish, national factor of 0.84%). The emission factor is recalculated in the tool from
nitrous oxide (as N) into nitrous oxide.

In a previous version of the tool, the nitrous oxide emissions were estimated based
on the amount of reduced nitrogen during the current year, the same as in VA-teknik
Sodra's tool (2021) of 0.0157 kg of nitrogen per kg of denitrified nitrogen. This change
was implemented since emission factors based on the amount of influent nitrogen is
more common, and to enable easier comparisons to other climate calculations, both
national and international.

Figure 14
Input field for emissions
of nitrous oxide from

Water phase - nitrous oxide (N;0)

The user can fill in measured emissions of nitrous oxide from the biclogical treatment.
If the plant does not measure nitrous oxide, an estimated emission factor is applied.
Remember that the internal nitrogen load should be included in the incoming nitrogen load the biological treatment.
to the plant. The amount of reduced

nitrogen during the
i i s year is listed among the
Nitrous oxide emissions from ke N.OJyr T
biological treatment: € indicators at the top of
this input sheet.

Measured value:

Estimated value:

Enter kg influent TN (per year): kg TN g/ ¥T

Nitrous oxide emissions from
iologi . kg NO/fyr
biological treatment:

In a previous version of the calculation tool nitrous oxide emissions were estimated based
on the amount of reduced nitrogen in the biclogical treatment.
In the field below

Nitrous oxide emissions from

kg N;O
biological treatment: 0 € N.0/yr

3.2.7.3 Nitrous oxide emissions from separate reject water treatment

In the tool, there is the option of entering measured nitrous oxide emissions from sep-
arate reject water treatment if such is available at the facility (see the figure below). If
there is no separate reject water treatment at the facility, all fields can be left blank.

If no own measured values are available, the user can enter the total amount of reduced
nitrogen under the heading "Nitrification- denitrification in SBR" if the facility has such
a technology, alternatively under the heading " Nitritation-deammonification " if the
facility instead has such a technology. Nitrous oxide measurements from an ANAMMOX
plant in Olburgen, The Netherlands, have been used as an estimated value for all tech-
niques applying nitritation and deammonification. The emission factor used is 2.7%
nitrous oxide per kg of reduced nitrogen, recalculated from 1.6% nitrous oxide (as nitro-
gen) per kg of reduced nitrogen. The emission factor for nitrification is chosen tobe 6.3%
if no own measured value is available.
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Separate reject water treatment - nitrous oxide (N20)

Ifthe plant has separate reject water treatment, enter reduced amount of nitrogen for cne
of the options below. If there is no separate reject water treatment at the plant, leave all
green fields blank and go to the next section.

Measured value:

Nitrous oxide emissions from
. kg N,O/yr
reject water treatment:

Nitrification-denitrification in SBR

Estimated value:
opecity reduced amount of
nitrogen in reject w ater kg N-tot/yr
Nitrous oxide emissions from
N,Ofyr
nitrification: keN.Ofy

Nitritation-deammonification

Estimated value:
Specity reduced amount ot
nitrogen in reject water

Nitrous oxide emissions from
nitritation:

kg N-tot/yr

0 kg N, O/yr

3.2.7.4 Methane and nitrous oxide emissions from sludge storage

Below is an example of how direct emissions are requested in the calculation tool, in this
case emissions of methane and nitrous oxide from sludge deposits. If the wastewater
treatment plant sends its undigested sludge for treatment at another wastewater treat-
ment plant, this section is left blank.

Sludge storage - methane (CH4) and nitrous oxide (N20)

The user fills in the amount of sludge stored at least two months before the sludge is
disposed of. If the plant does not have its own sludge treatment, the green fields are left
bBlank.

TS content of the sludge:

Measured value:

Methane emissions from
. kg CH./fyr
sludge storage:

Nitrous oxide emissions from ke N,O/yr
sludge storage:

Estimated value:

Enter the amount of sludge

ton sludge/yr
stored for 2 months or more:

Methane emissions from kg CH.fyr
sludge storage:

For the wastewater treatment plants that generate sludge that is stored, the amounts
are given below. The user can enter their own measured values for emissions of nitrous
oxide and methane from open sludge deposits and, if relevant, closed sludge deposits.
One area that is fortified with great uncertainties is precisely emissions from sludge
deposits. If the plant does not have its own measured value, emissions from sludge

Figure 15

Input field for calculating
nitrous oxide emissions
from separate reject water
treatment.

Figure 16

A section of the input field
for direct emissions from
sludge storage.
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storage are approximated in this calculation tool with a measured value from sludge
storage in Link6éping (Nilsson -Péledal et al. 2020). In the study, methane emissions
were measured with a hyperspectral camera on sludge piles stored on a sludge plate
for six months. The sludge had been digested under mesophilic conditions. The very
largest amount of methane was emitted at the beginning of the storage period and after
four months the emissions were very small (Nilsson -Péledal, 2021). According to the
report (Nilsson- Péledal et al, 2020), approx. 90% of the emissions had been emitted in
the first two months, therefore this tool asks how much sludge has been stored for two
months or more.

In an ongoing SVU project, which is going to be reported in October 2025, meas-
urements of methane and nitrous oxide emissions from sludge storages are carried out.
Preliminary results show that methane emissions from different wastewater treatment
plants sludge storages are somewhere in the range of 11 and 25 kg of methane per tonne
of TS sludge (the current emission factor in the tool is 27 kg of methane per tonne of TS
sludge). The study also confirms that a major part of methane emissionsis emitted in the
first part of the storage time (Magnusson, 2025). When the final report is released the
chosen emission factor in the tool might be updated based on new recommendations.

Factors such as the temperature in sludge after dewatering and in storage, the TS
content in sludge, as well as the degree of decay in sludge during digestion affect emission
levels and vary greatly between different wastewater treatment plants, resulting in large
uncertainties when calculating the climate impact of sludge storage.

3.2.7.5 Methane and nitrous oxide emissions from recipient

Emissions of methane and nitrous oxide that occur in the recipient as a result of emis-
sions of nitrogen and BOD are mapped in scope 1 of this calculation tool, even though
the emissions occur outside the facility's boundaries. The emissions do not occur as a
result of waste management or handling of sold product, and thus do not belong in scope
3. Since the emissions are strongly associated with plant operation, the emissions have
nevertheless been included in the tool. In the figure below, the input fields for receipt
emissions are presented.

Recipient - methane (CH;) and nitrous oxide (N;O) Figure 17
Fill in the data in the first two fields to calculate the emissions from the recipient. If Input field for ca]cu]ating
vgu know .that.the recipient is eutrophic or hvpoxq:. enter the_pl.ant's.nltrogen emls;lons methane and nitrous
in the third field. If you do not know, enter the nitrogen emissions in the second field K L.
below. oxide emissions from the
recipient.

Enter the amount of BOD in

kg BOD,
the ocutgoing water: 8 oo/ YT

Enter the amount of nitrogen

in the outgoing water: kg N-tot/yr

Resulting emissions

Methane emissions from
kg CH T
recipient: o £ oy
Nitrous oxide emissions
from recipient: o kg N2Ofyr

Discharge of BOD to watercourses acts as a substrate for the formation of methane in the
recipient. Depending on whether the recipient is a stagnant body of water, for example
lakes, the methane formation potential is higher, while in rivers, rivers and more the
methane formation potential is lower. In this tool, an emission factor is used for all
recipients, and no difference is made as to what type of watercourse the recipient is. The

SVENSKT VATTEN = CLIMATE CALCULATION TOOL FOR WATER AND WASTEWATER TREATMENT PLANTS 20



emission factor is calculated as an average value of the methane formation potential for
several different types of recipients (IPCC, 2019).

Release of nitrogen to the recipient contributes to the formation of nitrous oxide in
the recipient and depending on the nutritional and oxygen status of the recipient, the
formation of nitrous oxide can be higher. In this tool, the same emission factor is used
for all recipients, but for recipients where eutrophication or low oxygen content is a
problem, the emission factor may be an underestimate.

3.2.8 Carbonsources

Inthe second input tab ("Enter data for chemicals here"), the user can enter information
on consumed amounts of carbon sources for the current year. This part is only relevant
for wastewater treatment plants. A number of different carbon sources from different
origins are available in the list, see the figure below. The user can also enter their own
emission factors for carbon sources if data is available from the supplier. All rows do not
have to be filled in, but the user selects the carbon sources that are current for the plant.

Figure 18

Input field for the
amount of carbon
sources purchased
by the wastewater
treatment plant.

The emission factors are also divided in this section into indirect (production) and direct
emissions (respiration) because different types of emissions are mapped in different
scopes in the GHG protocol. Bio-based carbon sources have no direct emissions of fossil
carbon dioxide during respiration.

Ifnone of the listed options match the plant in question, and the own emission factor
is missing, the user is recommended to enter the purchased quantities under the line for
"Ethanol, fossil" or "Ethanol, bio-based" if the raw material is renewable.

In connection with the user specifying amounts of carbon sources, transport of the
carbon sources must also be reported. Separate instructions for this are given in section

3.2.5.

3.2.9 Coagulants

Inthe second input tab ("Enter data for chemicals here"), the user can enter information
about consumed amounts of coagulants. In this section, both wastewater treatment
plants and drinking water plants must state consumption figures. A number of different
aluminium- and iron-based coagulants are available in the list. The user can also enter
their own emission factors for coagulants if data is available from the supplier. The
majority of emission factors for coagulants are obtained by producers Kemira (2024)
and Feralco (2024) and are based on a study from 2023 by the industry association
INCOPA. All rows do not have to be filled in, but the user selects the precipitants that
are relevant for the plant.
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Emission factor carbon Emission factor carbon
Amount consumed Truck transport distance Truck fuel N . Transport emission factor
Carbon source It sfyrl tkm] (diesel or fossil free) source production source respiration kg CO, eftkm]
onne esel or fossil free] eftkm
w Ikg €O, e/tonne] kg CO, e/tonne] e

Methanol, fossil 800 1400 0.07
Methanal, bic-based 760 o 0.07
Ethancl, fossil 2000 1900 0.07
Ethanal, bio-based 1100 (1] 0.07
Sekundolfisepropanol 2000 2200 0.07
Brennteplus 342 0.07
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Coagulnts Amount consumed Truck transport distance Truck fuel Emission factor chemical Emissions factor
[tonnes/yr] [km] (diesel or fossil free) [kg CO; e/tonne] [kg CO; e/tkm]
Ferric chloride (PIX-111) 136 0.07
e =
F:::“;::L‘:ﬂ:’ 132 007
Ferric sulphate (PIX-113) 108 0.07
Ferric :h[ ::rx-cﬁ ss';.m:mate 86 0.07
Alumi?ei:;nm f:(n;ia:gclr;loriae 246 0.07
Aluminium sulphate [(ALG) 294 0.07
PAC (Ekoflock 54) 156 0.07
PAC (Ekoflock 70) 202 0.07
PAC [Ekoflock 75) 216 0.07
PAC (Ekoflock 90, 91, 92) 258 0.07
PAC (Ekoflock 96) 277 0.07
PAC (Pluspac S 1465) 209 0.07
PAC (PAX-15) 215 0.07
PAC (PAX-215) 61 0.07
PAC (PAX-XLED) 215 0.07
PAC [PAX-XL260) &0 0.07
PAC (PAX-XL100) 267 0.07
0.07
0.07
If none of the alternatives in the list match the facility's precipitation chemical, the user Figure 19
is directed to either ask for the chemical 's climate impact from the manufacturer, or Input field for the

alternatively, and if possible, to select a chemical in the list that is most similar to the
one used.

In connection with the user specifying quantities of precipitation chemicals, tran-
sports of these must also be reported. Separate instructions for this are given in section

3.2.5.

3.2.10 Polymer

In the second input tab ("Enter data for chemicals here"), the user can enter informa-
tion about consumed amounts of polymers. In this section, both wastewater treatment
plants and drinking water plants must state consumption figures. Only one option for
polymer is listed, as no vendor-specific emission factors were available at this time (see
figure below). The emission factor can be seen as representative of many polymers, even
those not based on polyacrylamide. The user can also enter their own emission factors
for polymers if data is available from the supplier.

quantities of precipitants

purchased by the plant.
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Purchased weight Truck transport distance Truck fuel Emission factor chemical Emission factor
Polymer diesel or fossil free [kg €O, e/ton] [kg €O, e/tonkm]
Polyacrylamide 3200 0.07
007
0.07
In connection with the user specifying quantities of polymer, transports of these should Figure 20
also be reported. Separate instructions for this are given in section 3.2.5. Input field for the

3.211 Otherchemicals
Inthe second input tab ("Enter data for chemicals here"), the user can enter information
about all other chemicals consumed for the plant for the current year. This section is
relevant to both drinking water and wastewater treatment plants.

First of all, wastewater treatment plants can indicate their consumption of drinking
water for, for example, flushing. Here, the user should enter an own emission factor
from the local producer of drinking water.

) Quantity consumed Emission factor
Water consumption at WWT 3 3
[m”/yr] [kg CO, e/m’]
Drinking water
(for wastewater treatment
plants)*

* Enter the emission factor for drinking water produced from the local supplier.
For drinking water plants the resulting emission factor will be zero due to internal flow.

A variety of different types of chemicals are available in the list, see the figures below.
The user can also enter their own emission factors for chemicals if data is available from
the supplier, or if a chemical is missing from the list. Not all rows need to be filled in, but
the user selects the chemicals that are relevant for the plant.

quantities of polymer
purchased by the plant.

Figure 21

Input field for the
plant's drinking water
consumption. Note that
the field only applies to
wastewater treatment
plants.

Figure 22

Input field for the
quantities of all other
chemicals purchased by
the plant.

Chemicals factor chemis factor

e/tonne] o km
Activated :9[!}0& fossil 7000 007

origin

““:::‘;‘i"::;:""' 2000 0.07
ey 11000
Filu::ni:’::ﬁ,:::;?\:med 2000 007
e 1100
e Coconut baged) o °
leocoma bastct reschmnd 1370 007
lon exchange resin® 2600 0.07
e 2000
o aOH . scriont 800 007
Sand 6 0.07
Quicklime (Ca0) 1150 0.07
Calci‘::\: gmrz?miue 890 0.07
Limestone (CaC03) 44 0.07
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In connection with the user specifying quantities of other chemicals, transports of these
must also be reported. Separate instructions for this are given in section 3.2.5.

3.2.12 Membranes

Inthe second input tab (“Enter data for chemicals here”), the user can enter information
about the amount of membranes purchased during the current year. In this section,
both wastewater treatment plants and drinking water plants can enter consumption
figures. Emission factors for membranes are obtained from various manufacturers via
Norconsult. The user can also enter their own emission factors for membranes if data
is available from the supplier. Not all fields need to be filled in.

In accordance with the methodology in the GHG protocol, membranes should be Figure 23

stated as the number of membranes purchased during the current year and therefore Input field for calculating
no depreciation is made for the lifespan of the membranes. This means in practice that the plant's potential
the climate impact from membrane production only burdens certain calendar yearsin ~ climate benefits from
the organization’s climate calculations. biogas.
Membrane, ultrafilter
. Truck fuel [diesel or fossil | Emission factor, b Emission factor, t
Membrane Ti dista
smbrane type ransport distance [km] free) [kg €02 e/pc] [kg CO2 & /tonkm]
UF from NX filtration 50 0.07
XF75 from Pentair Las 0.07
HFW1000 from Pentair 0.07
0.07
0.07
Membrane, nanofilter
. Truck fuel [diesel or fossil | Emission factor, b Emission factor, t
Membrane Transport distance [km) P
embrane e nee (k] free) [kg €02 e/pc] [kg CO2 e/tonkm]
NF from NX filtration S0 0.07
XF&4 from Pentair 477 0.07
0.07
0.07
Membran, reverse osmosis
Amount of membrane . Truck fuel [diesel or fossil | Emission factor, b factor, t
Membrane Transport di km| .
- oee elements [pcs] istance [km] free) [kg CO2 e/pc] [kg CO2 e/tonkm]
RO from NX filtration 80.4 0.07
0.07
0.07

3.3 Calculation of climate benefits
In a third reporting tab, potential climate benefits from by-products from wastewater

treatment plants and drinking water plants are calculated. The reporting tab is com-
pletely optional, and the result from these calculations should not be added to the other
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result as the methodology here differs from the normal approach in the GHG protocol.
The resulting climate benefits are presented at the top of the tab together with an index
that indicates in percentage how large the climate benefits are in relation to the facili-
ty's total climate impact. This index can change from year to year, partly depending on
how much energy and resources the facility utilises, partly depending on the climate
impact the avoided emissions have. It can e.g. turn out that the facility's climate benefits
decrease over the years despite the fact that energy and resources are utilised and this
may be due to the alternative production of energy and resources changing to a more
low-carbon production.

Potential climate benefits can arise at the facilities from upgrading biogas, sold elec-

tricity and heat, nutrients, and stored carbon in sludge from wastewater treatment plants
and recycled lime pellets from drinking water plants.
Within the energy section, four potential benefits have been identified: biogas that is
upgraded to vehicle fuel, sold electricity from own solar cells or wind turbines, sold elec-
tricity or heat from burning biogas in a boiler, heat recovery from burning grid cleaners
and sludge from wastewater treatment and sold heat from heat exchange of wastewater
pipes. Theidentified benefits can only occur at wastewater treatment plants. Biogas that
isflared is not attributed to any climate benefit. Produced heat and electricity that is also
consumed internally at the plant should not be entered here because no direct climate
benefit occurs. Rather, the benefit arises from the fact that less electricity and heat need
to be purchased externally.

The figure below presents the input requested by the user regarding potential bene-
fits from energy recovery. Upgraded biogas is assumed to be able to replace a fossil fuel
equivalent (94 g carbon dioxide equivalents per MJ) in a 1:1ratio (i.e., 1 MWh of upgraded
biogas can replace 1 MWh of fossil fuel). Surplus electricity is assumed to be able to replace
Nordic residual mix, and surplus heat is assumed to be able to replace locally produced
district heating, alsoin a 1:1ratio. The emission factor for local district heating is entered by
the user their self, see instructions under 3.2.2.3. In the same way as for other categories,
information is requested here on an annual basis.

Figure 24

Input field for calculating
the plant's potential
climate benefits from
sludge from wastewater
treatment plants.

Emission factor
Handling method

Annual volumes [MWh]
[kg CO; e/MWh]

avoided production Specification Quality factor

Potential cimate benefits
[kg CO; e/yr]

Upgraded biogas replaces a
fossil fuel.

Vehicle fuel produced 338

Electricity sold to the grid
replaces the Nordic residual

Surplus electricity sold on
the grid

50

5old heat replaces local
industry or households* district heating mix.

Surplus heat sold to

Heat from incineration of Sold heat replaces local
sludge and cleaning® | | district heating mix.

For the incineration of sludge from wastewater treatment plants and screenings, the
amount of heat recovered is automatically calculated because the treatment plants do
not have direct control over this step, but it is usually done by local or regional heating
plants or cogeneration plants. However, the user needs to enter the emission factor
for the local district heating network. Today, sludge from wastewater treatment plants
is usually incinerated together with household waste and depending on how sludge
management looks in the future, mono-incineration of sludge can give rise to a climate
benefit through the recovery of both energy and phosphorus from the ash.

The figure below presents the input data requested from the user regarding the uti-
lisation of sludge from wastewater treatment plants. The potential uses that have been
identified for sludge that are used as construction soil as well as use as an organic ferti-
liser. Benefits from sludge being incinerated are calculated in the section above.
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Emission factor
Potential cimate benefits
Handling method Annual vol It 1 ided production Specification Quality factor
[kg CO; &/MWh] [kg CO; efyr]
2
Composted sludge replaces
50il production v} 1 000 N 3 0.2 0
peat(im fim’)
r ing on arable lan Nitrogen in sl repl
Spe_ad-zo arable land, 2 600 itrogen in sludge replaces 08 o
nitrogen (N) as tot-N AN.
Spreading on arable land, 1 000 Phosphorus in sludge 07 o
phosphorus (P) as tot-P replaces TSP. )

Amount of sludge recovered
[tonnes/fyr]

Carbon content of sludge
[% of TS]

Handling method Specification

Share of carbon assumed
to sequester into soil

Potential climate benefits
[kg CO2 efyr]

Carbon sequestered in the
soil is calculated as 0.05
avoided carbon dioxide

Carbon storage in 50ils
fertilized with sludge

Carbon sequestered in the
soil is calculated as 09
avoided carbon dioxide

Carbon stored in soils
fertilized with sludge
biochar

For soil production, a replacement ratio of 1:1 in terms of volume is assumed and this is
assumed to correspond on average to a factor of 0.2 for sludge from wastewater treatment
plants (Boldrin et al. 2009). For phosphorus and nitrogen in the sludge, degrees of 0.7
and 0.3 are used for plant-available fractions (Svanstrom et al. 2016). Both nutrients are
assumed to replace mineral fertilisers: ammonium nitrate and triple superphosphate. In
the same way as for other categories, information is requested here on an annual basis.

In the calculation tool, it is also possible to calculate potential climate benefits from
the storage of carbon in sludge that is spread on arable land, used as construction soil,
and used forlandfill cover. In the current version of the calculation tool it is also possible
to calculate a potential carbon storage in sludge biochar. A share of the carbon in sludge
is assumed to be stabilized in the ground and is calculated as a negative emission, aka a
potential climate benefit, and the rest of the carbon is assumed to be emitted as carbon
dioxide within a period of 100 years.

In a previous version of the calculation tool, the potential climate benefit from carbon
storage in sludge was assumed to be 35% (Borjesson, 2021). This assumption has been
revised since that emission factor likely does not consider a time horizon of 100 years,
which is considered good practice when it comes to the GHG protocol. In the current
version of the tool, it is instead assumed that 5% of the carbon in sludge is stabilized in
the ground within a time frame of 100 years, while 90% of the carbon in sludge biochar
is assumed to be stabilized (Farago et al. 2022). These factors are uncertain.

Seen from a global perspective, it can be argued that an increase in soil carbon in one
location causes a decrease or removal of soil carbon in another location. An example
could be that the food we eat absorbs carbon from the soil in one field and then ends up
as soil carbon in another field. A higher humus content in the soil can contribute to a
higher water-holding capacity and better soil structure.

For drinking water plants, a potential climate benefit has been identified: recovery
of lime granules from water softening (see figure below). The lime is then assumed to
replace ground limestone. For all categories, the user can enter his own emission factor if
the facility in question utilises the residual products in ways other than those listed above.

Figure 25

Input field for calculating
the plant's potential
climate benefits from
sludge from wastewater
treatment plants.
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3.4 Resultspresentation

The results of the climate calculation are presented in three tabs in the calculation tool:
one in tabular form and two in graphical form.

3.41 Presentationintabularform

In the first tab (“Result presentation in table”), the key figures are presented at the top,
see the figure below. After the user has filled in all the necessary fields in previous tabs,
the key figures are calculated by dividing the facility’s total climate impact over the
current year by the specified key figures, for example the wastewater treatment plant’s
load expressed in person equivalents.

Wastewater treatment plants

Emission factor -
Faction and handling Arsvolymer [ton] ided producti o spec ) ity fact Potential cdimate benefits
svolymer [ton avoid pecification Qual or
method production [kg €O: (ke CO; e/yr]
e/fton]
R led li I
Lime granules, recycling ] 24 ecve le -Ir_ne gr;nu s 1 v}
replace limesione.

Figure 26

Input field for calculating
climate benefits from
drinking water plants.

Kg CO; e per m® treated water

Kg CO; e per kg reduced nitrogen

Kg CO; e per person equivalent

Enter the number of cubic metres of treated water under
the previous tab

Enter the amount of reduced nitrogen under the previous
tab

Enter the number of person equivalents in the previous tab

Drinking water plants

Kg CO; & per m” raw water intake

Kg CO; e per m” produced drinking water

Kg CO; e per m” consumed drinking water

Enter the number of cubic metres of raw water intake in
the previous tab

Enter the number of cubic metres of produced drinking
water in the previous tab

Enter the number of cubic meters of consumed drinking
water in the previous tab

The key indicators present the climate impact of the plant divided into different catego-
ries, see the figure below. The categories partly follow the structure of the GHG protocol,
and partly a more detailed table with information on which parts of plant operation
contribute to climate impact. The purpose of this is to give the water utilities a deeper
understanding of the facility’s contribution to climate change and which parts of the
operation contribute the most.

Figure 27

Presentation of the result
expressed in the indicators
defined earlier.
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scope 1 emisslons scope 2 emisslons Scope 3 emindons. Scope 3 emivion
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Below the summarised tables of the facility’s climate impact, a detailed view of all items is Figure 28

presented. Here, if interested, the user can see, for example, which chemicals contribute
the most to climate change and where in the facility the largest methane emissions occur.

3.4.2 Presentationin graphical form
In the next two tabs, the results are presented in graphic form. The “Result presentation
in graph” tab presents the upper table in Figure 27above where the total climate impact

The result for the facility’s
climate impact distributed
over a number of
important items.
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is excluded in the graph. The bars are also color-coded to make it easier to distinguish
which emissions are mapped in scope 1, 2 and 3.

Inthetab “Result presentation of benefits” the same graph presents emissions accord-
ingtoscope1, 2, 3 as well as avoided emissions from vehicle fuel, electricity, heat, sludge
from wastewater treatment plants and lime pellets. Emissions and avoided emissions
are not added together because communication of a net value of emissions and benefits
can be interpreted as emissions being “conjured up” by accounting.
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4 How do you ensure the quality
of your own emission factors?

With the aim of increasing the tool’s flexibility and adaptation to different water utilities, there
is the option of entering your own emission factors, either for more specialised subjects that
are not already listed in the tool or for subjects where you have a supplier-specific emission
factor. In both cases, the user of the tool needs to ensure that the data is of good quality, is
comparable to other emission factors and that it is representative from a temporal, technical
and geographical perspective.

Emission factors can be obtained from an EPD (Environmental Product Declaration), an
LCA study or a carbon footprint study. EPDs are a third-party verified and public declaration
of a product or service’s environmental impact. The result is based on a life cycle analysis
that follows calculation rules according to product-specific rules. An LCA or carbon footprint
does not need to be third-party verified, and the calculation rules are freer than for an EPD.

What the user needs to pay particular attention to when using emission factors from LCA

and carbon footprint studies, and in some cases also EPDs, are:

e Which functional unit is used? Does the unit need to be recalculated to fit the climate
calculations?

e What are the system limits of the study (“ cradle -to-gate” or “ cradle -to-grave”)? The
system boundaries should be “ cradle -to-gate” for inputs such as chemicals. Fuels and
propellants should be separated between indirect emissions (from production) and direct
emissions (combustion during use). “ Cradle -to-gate” means that the product’s entire
environmental impact is included, from the extraction of natural resources up to the
factory gate.

e Isthestudyanaccounting LCA or a consequence LCA? The study should be an accounting
LCA to match the system limits for the remaining emission factors.

e Is biogenic carbon dioxide excluded in the result for climate impact? If not, can it be
separated easily?

e What year is the data based on? Is the data still current?

Isthe study third-party reviewed? This is not a requirement but can increase the reliability
of the study.

If the supplier supplies generic data from a database and believes that it is representative of
their production, the quality can be equated with many of the emission factors listed in the
tool.
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5 Further development of the tool

Anumber of areas have been previously mentioned where potential for improvement of
the calculation tool has been identified. This mainly applies to a lack of emission factors
forresidual products from drinking water plants and emission factors for methane from
sludge layers adapted to plant level. Currently, no specific emission factors for resid-
ual products from drinking water plants are available. In this tool, it has instead been
assumed that residual products on landfill can be approximated with inert material on
landfill. In order for the tool to provide as accurate a result as possible, specific emission
factors for drinking water plant products will be requested in the future.

Sludge storage can look different depending on the plant: fresh sludge can be stored
in silos or on an open slab, and the methane produced can either be treated (few plants)
or flared/discharged without treatment (most plants). Today, the tool does not take into
account local conditions (unless the facility measures its own methane emissions from
sludge storage) but it is assumed that all sludge is stored on an open plate immediately
after digestion. The tool also does not take into account differences in emissions from
thermophilic digested sludge or undigested sludge.

The result from the calculation tool is expressed in a number of key figures, where the
idea is to be able to use these figures for follow-up from year to year or in comparisons
between different facilities. The key figures requested today are based on requests from a
test group of 18 water utilities and may be changed or expanded in the future depending
on the needs of the water utilities.

The climate calculation tool's system limits have also been extensively discussed
during the development phase, above all how and whether the energy consumption of
the sewer system should be included in the facility's total climate impact or not. Pumps
distributed in the sewer system can in some cases have a large energy consumption
depending on the type of installation and geography. Today, the energy consumption of
the sewer system is included, but nitrous oxide emissions from the sewer system are not.

Today, the tool is mainly adapted to calculate the climate impact for operation at plant
level, for one plant at a time, but if a water utility wants to calculate the climate impact
of operation for several plants at the same time, the tool can be used for this as well.
The interpretation of the key figures requested at the beginning of the tool will not be
correct if, for example, a water utility fills in data for both wastewater treatment plants
and drinking water plants, but the results are calculated for the data entered into the tool.

Updates of the calculation tool should take place annually, at least with regard to
some emission factors. This primarily applies to emission factors for the residual mix in
the Nordics and the climate impact of district heating, but also emission factors for new
technology that is put into operation, for example alternative technologies for sludge
management, nitrogen purification, pharmaceutical purification, PFAS purification,
microplastic purification or the like. The calculation tool is tool adapted to today's sys-
tems and technologies.

InJanuary 2020, the Investigation into a non-toxic and circular return of phosphorus
from sludge (SOU 2020:3) presented its report, and it remains to be seen whether and
what the future of sludge handling will look like in Sweden. Will sludge management
continue as it is today, or will mono incineration take place with subsequent extrac-
tion of phosphorus from ash? This is just one example of how the tool may need to be
adjusted to adapt to future technologies. The calculation tool is currently based on what
has happened in the past year. Any updates to future sludge handling scenarios will
therefore only become relevant when some decisions are made and when new facilities
are commissioned.
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Appendix 1: Choice of method and grid mix
when assessing the climate
impact from electricity

This appendix describes how electricity should be assessed in terms of climate impact in
the calculation tool and which method choices are recommended. The purposeisto ensure
transparent and uniform handling of climate data linked to electricity consumption.

Recommended management of electricity in the calculation tool

To meet the requirements according to the GHG protocol and to provide a fair assess-
ment of the climate impact of the plant operation, it is recommended that two separate
calculations be carried out:

1. Market-based method

2. Location-based method

These two values should be reported separately (dual reporting), which is consistent
with the GHG Protocol's requirements for scope 2 reporting.

Choice of electricity mix for each method

Market-based method

The market-based method is based on the contractual electricity and financial instru-
ments that the operation has purchased, such as guarantees of origin (UG/GO).

The following shall apply in the tool:

e Primary choice:
Use the organization's own documentation, such as electricity trading agreements
or certificates that describe the environmental value of the purchased electricity.

e Ifyour own data is missing:
Usethe Nordic residual mix as the default choice. This reflects the electricity mix that
remains after origin-guaranteed electricity has been deducted, which is in line with
how market-based reporting should handle the absence of specific purchasing data.

Location-based method
The location-based method should reflect the electricity mix that is physically present
in the geographical area where electricity is consumed.

Recommended choice in the tool:
e Always use the Nordic electricity mix for location-based calculations.

Justification: Since there is no national or European control of exactly which electricity
mix should be used in location-based calculations, the Nordic electricity mix serves as
a robust, standardized and frequently used alternative. The selected emission factor
considers imports and exports of electricity during the year.

Sammanfattning

Method Purpose Choice of electricity mix
Market-based method Reports climate impacts based on purchased | 1) Own data

electricity contracts and certificates 2) If missing: Nordic residual mix
Location-based method Reflects the actual electricity mix in the area Nordic electricity mix

where the electricity is used
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