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1 Introduction 

About this manual  

This document provides a detailed explanation on the theoretical background of the second version 

of the web-ōŀǎŜŘ ά9ƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ /ŀǊōƻƴ 9Ƴƛǎǎƛƻƴǎ !ǎǎŜǎǎƳŜƴǘ ŀƴŘ aƻƴƛǘƻǊƛƴƎέ ό9/!a 

V2) tool. The main assumptions and the key considerations that form the basis of the tool are 

explained. An overview of variables, performance indicators and related equations, as well as 

benchmark values and references are given. Additionally, the manual helps users with evaluating 

different scenarios for specific system configurations.  

 

Chapter 2 describes the scope of application of ECAM. It indicates how the system boundaries are 

defined, which types of greenhouse gas emissions can be assessed with the tool and what the 

overall tiered approach entails. In chapter 3 a comprehensive overview of the calculations, factors 

and assumptions for the various greenhouse gasses can be found for each stage of the water cycle. 

Finally, chapter 4 sheds light on how ECAM can be applied to reflect different scenarios.   

Topics that are described in detail include:   

ü Population data required to use the tool; 

ü Emission factors used to calculate emissions from energy consumption;  

ü Direct and indirect GHG emission sources for methane and nitrous oxide;  

ü Sludge management options;  

ü Performance indicators with reference values and implications;  

ü Guidance on population types;  

ü Annex containing all the inputs and outputs of the ECAM tool with their respective code, 

description, unit, and whenever applicable equations and benchmark values and 

ü References and links to source materials.  
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Note that this methodology document may be used in conjunction with the ECAM user manual, 

which describes the different functionalities and features of the tool. It can be downloaded from the 

άƘŜƭǇ ǇŀƎŜέ ƛƴ ǘƘŜ 9/!a ǘƻƻƭ. 

For further support on the ECAM tool, please contact the helpdesk info@wacclim.org.  

About ECAM  

Background  

ECAM is a web-based free and open-source decision support tool that is part of the knowledge 

platform developed by the Water and Wastewater Companies for Climate Mitigation (WaCCliM) 

project. WaCCliM is guiding water and wastewater utilities on a journey to energy and carbon 

neutrality. Limiting climate change to 1.5°C requires substantial reductions in greenhouse gas (GHG) 

emissions in all sectors. 

The urban water sector has under-recognized opportunities to reduce carbon emissions that will 

contribute to the successful implementation of the Paris Agreement through increasing the 

Nationally Determined Contributions (NDCs) of supporting countries. The Energy Performance and 

Carbon Emissions Assessment and Monitoring (ECAM) Tool, offers a solution for utilities to quantify 

their GHG emissions and contribution to NDCs through reducing indirect and direct emissions from 

energy use and wastewater management. 

Objective  

ECAM tool assists water utilities in using their own data to transform it into a source of valuable 

information on energy performance and GHG emissions. ECAM is the first of its kind to allow for a 

holistic approach of the urban water cycle to drive GHG emission reduction in utilities, even those 

with limited data availability. It promotes transparency, accuracy, completeness, comparability and 

consistency. It is designed to assess the carbon emissions that utilities can control within the urban 

water cycle, and prepares utilities for future reporting needs on climate mitigation. By combining 

carbon and energy assessments, ECAM takes into account that reducing operational costs is a main 

driver for utilities. It can be used for: 

¶ GHG emissions assessment  

mailto:info@wacclim.org
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¶ Energy performance assessment 

¶ Identifying of opportunities for reducing CO2e emissions and reducing energy consumption 

¶ Developing scenarios when investigating possible measures to improve performance  

¶ Monitoring the results after the implementation of improvement measures. 

Approach  

ECAM follows a tiered approach, with an increasing level of detail from Tier A to Tier B. The Initial 

GHG Assessment (Tier A) provides an overview of major GHG sources and quantities using basic 

assumptions. The Detailed GHG Assessment (Tier B) provides a more advanced level of GHG 

ŀǎǎŜǎǎƳŜƴǘ ǳǎƛƴƎ ŘŜǘŀƛƭŜŘ Řŀǘŀ ǘƻ Ǝŀƛƴ ŀ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ŀƴŘ ǊŜŦƛƴŜŘ ǇƛŎǘǳǊŜ ƻŦ ǘƘŜ ǳǘƛƭƛǘȅΩǎ DID 

emissions and energy performance, as data is entered for each stage of the urban water cycle 

(Water Abstraction, Treatment, Distribution and Wastewater Collection, Treatment and Discharge) 

and their individual facilities (pump stations, plants, network divisions) can be characterized. 

Proceeding from Tier A to Tier B, there is also an increasing degree of certainty in GHG emissions. 

Input data includes: type of systems, performance parameters, serviced population and natural 

constraints. For each stage of the urban water cycle, data is used to derive key and complementary 

Performance Indicators (PIs) for the GHG and energy assessment. Additionally, the energy situation 

of the utility is assessed to evaluate if energy savings are an economic driver to reduce GHG 

emissions.  

Finally, opportunities for improvements are identified while possible solutions can be evaluated with 

ECAM, keeping in mind that the different stages of the urban water cycle are interlinked and that a 

holistic approach is necessary prior to defining specific measures. Some of the assessment results 

are compared with known benchmarks so that inefficiencies can be highlighted, and decision makers 

Ŏŀƴ ǇǊƛƻǊƛǘƛȊŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ ǳǘƛƭƛǘƛŜǎΩ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǎǘŀƎŜǎΦ  
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2 Scope of Application 

2.1. Target group  

Water utility managers and technicians, consultants, climate change professionals, academics, and 

policy makers who are interested in understanding the conceptual background of the ECAM tool. In 

addition, whoever interested in urban water cycle, particularly the energy consumption and 

greenhouse gas (GHG) emission from urban water cycle and how this could be tackled to improve 

the system towards sustainability and efficiency could benefit from this guide. 

2.2. Basic Functions 

The objective of the ECAM tool is to assist utilities, in using their own existing data as a source of 

valuable information.  

ECAM offers water and wastewater utilities the following:  

ω    A tool for GHG reduction 

ω     A tool to assess carbon footprint, energy consumption and service levels 

ω     A tool to reduce operational costs 

ω     A tool to strengthen performance monitoring and decision making 

ω     A tool to develop scenarios on the future impact of GHG reduction measures.  

¶ A tool to calculate emissions within the water sector via a transparent and sound 

approach which quantifies GHG reductions, a prerequisite for accessing climate financing 

What ECAM offers the water sector:  

ω ! ǘƻƻƭ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎΣ ǊŜǇƻǊǘƛƴƎ ŀƴŘ ǾŜǊƛŦȅƛƴƎ ǘƘŜ ǿŀǘŜǊ ǎŜŎǘƻǊΩǎ DID ǊŜŘǳŎǘƛƻƴ 

contribution to the NDCs 

ω wŜǉǳƛǊŜǎ ƻƴƭȅ Řŀǘŀ ǘȅǇƛŎŀƭƭȅ ŀǾŀƛƭŀōƭŜ ƛƴ ǳǘƛƭƛǘƛŜǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ŜƳŜǊƎƛƴƎ ŜŎƻƴƻƳƛŜǎ 

ω The same methodology can be applied to utilities nationwide, facilitating national 

benchmarking and knowledge exchange between utilities  
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2.3. System boundaries and holistic approach  

Typically in the water sector, emissions are assessed separately. The ECAM tool however, has been 

developed to facilitate the assessment of systems via a holistic approach, considering all stages of 

the urban water cycle and the interlinkages between stages (Figure 2-0). The aim is to maintain the 

overview on the entire urban water cycle in the analysis, to convey the notion that sub-systems are 

inter-related. For a detailed overview of GHG sources in the urban water cycle and the interrelations 

between urban water stages and their GHG implications, please go to the     

www.WaCCliM.org/Roadmap.    

 

  Figure 2-1 Stages of the Urban Water Cycle - ECAM promotes a holistic approach for the whole urban water cycle  

The applied framework of the urban water cycle includes the water supply and wastewater 

management processes (water abstraction and transmission systems, water treatment, water 

transport and distribution, wastewater collection, wastewater treatment and wastewater 

interception and discharge). Figure 2-1 shows the utility boundaries considered in ECAM Tool, the 

part under the dash lines. 

http://www.wacclim.org/Roadmap
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Figure 2-2  System boundary 

Navigating the Urban Water Cycle stages 

In ECAM the user experience starts with Tier A- Initial GHG assessment, which includes the whole 

water supply and wastewater handling services allowing a user to make a straightforward 

assessment with back-of-the-envelope calculations. The experience continues with Tier B ς Detailed 

GHG assessment, in which the user can introduce more accurate values to calculate the GHG 

emissions of the drinking water and wastewater systems and can evaluate Energy Performance 

within the advanced assessment to identify potential energy savings for the 6 stages of the water 

cycle (Abstraction, Treatment, Distribution and Collection, Treatment, Discharge)  and their 

individual facilities (pump stations, plants, network divisions) can be characterized. 

Some of the assessment results are compared with known benchmarks so that inefficiencies can be 

highlighted, and decision ƳŀƪŜǊǎ Ŏŀƴ ǇǊƛƻǊƛǘƛȊŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ ǳǘƛƭƛǘƛŜǎΩ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǎǘŀƎŜǎΦ  
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2.3.1. The GHG assessment 

Two categories of GHG emissions are included in ECAM. GHG emissions associated with electricity 

use (scope 2 ς indirect emissions) and the GHG emissions not related to electricity use, which group 

the Scope 1 (direct emissions) and scope 3 (other indirect emissions) emissions per the IPCC 

definitions (see Table 2-мύΦ ¢ƘŜ άƴƻƴ-ŜƭŜŎǘǊƛŎƛǘȅ ǊŜƭŀǘŜŘέ DID ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀŎǘƛǾƛǘƛŜǎ 

within the boundary of the utility, or which are a consequence of the services provided outside of 

the utility boundary.  
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Table 2-1 Overview of all GHG emissions from water and wastewater services  

 Water 
abstraction 

Water 
treatment 

Water 
distribution 

Wastewater 
collection 

Wastewater 
treatment 

Wastewater 
discharge 

Scope 1 ς Direct emissions       

Emission from the maintenance trucks o  o  o  o  o  o  

CO2, CH4 and N2O emissions from on-site stationary 
fossil fuel combustion 

Á  Á  Á  Á  Á  Á  

CH4 from sewers or biological wastewater treatment    o  Á   

N2O from sewers or biological wastewater treatment     o  o   

Scope 2 ς Indirect emissions       

Indirect emissions from electric energy Á  Á  Á  Á  Á  Á  

Scope 3 ςOther indirect emissions       

Emissions from the manufacturing of chemical used  o    o   

Emissions from the construction materials used o  o  o  o  o  o  

CH4 and N2O emissions from wastewater discharge 
without treatment 

   Á    

CO2, CH4 and N2O emissions from sludge transport off-
site 

    Á   

N2O emissions from effluent discharge in receiving 
waters 

     Á  

o Emissions not quantified in the ECAM tool, even though they exist    Á Emissions quantified in the ECAM tool   
           Unless water distribution is gravity (natural) fed     Unless wastewater collection/discharge is by gravity  
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The emissions are counted in terms of CO2 equivalents (CO2eq).The equivalence for methane (CH4) 

and nitrous oxide (N2O) correspond to the 100-year global warming potential (GWP) for greenhouse 

gases (GWP100, AR5) reported by IPCC. 

Table 2-2 Global warming potential for different IPCC report years 

Global warming potential for 100 year horizon 

Report 
CO2(CO2 
equivalents) 

CH4 (CO2 
equivalents) 

N2O (CO2 
equivalents) Comments 

IPCC 5th AR(2014/2013) CCF 1 34 298 
with climate-carbon 
feedbacks 

IPCC 5th AR(2014/2013)  1 28 265 
without climate-carbon 
feedbacks 

IPCC 4th AR(2007) 1 25 298   

IPCC 3rd AR(2001) 1 23 296   

IPCC 2nd AR(1995) 1 21 310   

IPCC 1st AR(1990) 1 11 270   

In ECAM, users can choose which values for the GWP are applied by selecting the preferred IPCC 

report (Table 2-2).  

Assessing emissions from Energy 

According to the energy balance presented in the Figure 2-3, electrical energy purchased from the 

grid at the entire drinking water or wastewater system level is used to calculate GHG emissions. It 

includes electricity consumed by the facilities (e.g. pump stations) of the utility and may also include 

consumption for buildings (e.g. lighting, heating or ventilation). 

Energy balance;   Energy IN = Energy OUT 

Energy IN 

ü Grid electricity 

ü Renewable energy  (self-produced) 

 

 

  Energy OUT 

ü Surplus renewable electricity (self-produced) 

ü Energy consumption for operating 

equipment  

 

Figure 2-3 Energy balance 
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The energy assessment focuses on electricity consumption at each stage of the utility for process 

related usage. At each stage of the urban water cycle, the user may enter sub-stages representing 

the different facilities of that particular stage (e.g. different treatment plants, different pump stages 

or distribution networks).  

At the stage level, the energy performance can only be assessed in terms of relative importance of 

the stage in comparison to the entire water cycle. At sub-stage level, energy performance indicators 

are calculated to assess if there is a potential to reduce consumption or improve energy production 

by comparing to benchmark values. These performance indicators (e.g.: standardized pumping 

energy, treatment energy), when documented at the sub-stage level (i.e.: at the facility level), are 

then averaged to provide an overview of the overall efficiency of the stage. They also appear 

averaged for the entire water utility and wastewater utility under the summary page of the energy 

assessment. 

Non-electricity related emissions are described in detail in Chapter 3. 

2.3.2. Tiered approach  

Tier A ς Initial GHG assessment 

In tier A, the ECAM tool focuses on global energy consumption for the water and the wastewater 

ǎȅǎǘŜƳǎ ŀƴŘ ŀǇǇǊƻȄƛƳŀǘŜ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ōƻǘƘ άŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎΣέ ŀƴŘ άƻǘƘŜǊ ƛƴŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎέ 

not related to electrical energy consumption. The output figures are pie charts and donuts 

representing respectively all GHG emissions in the water cycle and all electrical energy use in the 

water cycle. Colour coding is applied to distinguish GHG and energy related emissions from in 

drinking water and in wastewater systems. For a deeper understanding of where the non-electricity 

related GHG emissions are coming from, the user is invited to go to the interface of the Ψ¢ƛŜǊ . 

Detailed GHG assessment. 
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Figure 2-4 Sample pie charts from Tier A assessment   

Tier B ς Detailed GHG assessment 

Tier B focuses on analysing system performance with more accurate data inputs in order to assess 

the following GHG emissions: 

ü From electricity consumption, accounting also for any electricity production sold;  

ü From  non-electricity related GHG emissions of water and wastewater system:  

¶ Fuel used in engines;  

¶ Untreated sewage collected and discharged to a river;  

¶ Treated sewage discharged to a river;  

¶ Wastewater treatment process;  

¶ Uncollected wastewater  

¶ Sludge treatment and transport. 
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Tier B ς Advanced assessment: Sub-stages  

This assessment level focuses on stage specific energy consumption for the two halves of the water 

cycle i.e. drinking water and wastewater. The output figure under energy summaries is a donut 

representing all electrical energy use in the water cycle by stage, colour-coded for each of the six 

stages of the urban water cycle. Tier B also allows assessing the energy consumption in more detail. 

By providing further data, the user can zoom in at the performance of specific facilities (also referred 

to as sub-stages) such as individual pump stations, which may be benchmarked. Outputs are 

represented by a donut indicating the electrical energy consumption, colour-coded by stage of the 

urban water cycle. Each stage is split into the sub-stages, benchmarking selected facilities. 

 

Figure 2-5 Sample pie charts from Tier B assessment   
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3 Methodology and conceptual background  

3.1. Emissions from urban water cycle 

As indicated in chapter 2, two categories of GHG emissions are included in ECAM. GHG emissions 

associated with electricity use (scope 2 ς indirect emissions) and the GHG emissions not related to 

electricity use άǎcope 1έ όŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎύ ŀƴŘ άǎŎƻǇŜ оέ όƻǘƘŜǊ ƛƴŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎύΦ 9/AM was 

developed to be consistent with the Intergovernmental Panel on Climate Change (IPCC) Guidelines 

for National Greenhouse Gas Inventories. This methodology has been further complimented with 

emission calculation methods from the Biosolids Emissions Assessment Model (BEAM), 

complemented with recent scientific studies for specific aspects.  

 

Figure 3-1 Emissions from urban water cycle 
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3.2. Direct GHG emissions 

Sources of direct GHG emissions from within the UWS are summarized herein to understand the 

scope of ECAM, how they are accounted for, and how relevant the direct emission performance 

indicators (PIs) may or may not be to actual system performance and reducing direct GHG emissions.  

  

CO2, CH4, and N2O emissions from on-site stationary fossil fuel combustion sources:   

These can include on-site engine generators and engines for driving process and/or pumping 

equipment at water treatment and pumping facilities. These emissions will be based upon default 

emission factors for the appropriate fuel type and fuel consumption per IPCC guidelines.   

 

CH4 emissions from sewers: Methane is a potent greenhouse gas with a global warming potential of 

34 CO2-equivalents over a 100 year time horizon as reported by IPCC (2013).  Methane can be 

produced in sewers via conversion of organic carbon by methanogenic archaea under anaerobic 

conditions, and then released into the atmosphere via manholes and atmospheric discharge points.  

Although methane emissions have been measured in both gravity (de Graaff et al., 2012), and 

pressure sewers (Guisasola et al., 2008), the risk of production tends to be greater in pressure sewers 

since there is generally no air/water interface to diffuse oxygen into the liquid phase and promote 

aerobic conditions.  Methane production is also directly related to the detention time of the 

wastewater in sewer anaerobic conditions.  Although IPCC (2006) indicates that closed underground 

sewers, which are predominant in the UWS, do not contribute significant CH4 emissions, studies have 

shown the contrary.  One study (Guisasola et al., 2008) found sewage methane to contribute GHG 

emissions between 12 ς 100% of those from a WWTP itself.  However, there are not yet any 

conventional methods for estimating these emissions that can easily be implemented by a water 

utility.  Therefore, they are not included in the GHG estimation framework proposed herein.  
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CH4 emissions from biological wastewater treatment:  

CH4 emissions from wastewater treatment can make up 12% of the WWTP carbon footprint 

(Daelman et al., 2013a) and can result from the following: 

ü dissolved methane that is produced and transported from the collection system and that is  

then stripped a the WWTP headworks or in the aerobic  reactors 

ü dissolved methane that is produced from anaerobic digestion and is left in the reject water 

that is recycled to the aerobic tanks, where a fraction of the dissolved methane is ultimately 

stripped 

ü methane gas produced in anaerobic digestion that escapes via gas piping leaks  

ü methane gas produced in anaerobic digestion that is not fully combusted in cogeneration 

(Daelman et al., 2012) or thermally destructed by flaring 

ü methane gas escaping from digested sludge storage facilities (Daelman et al., 2012) 

ü anaerobic lagoon treatment systems  

The IPCC methodology addresses all of these except the methane originating in the sewers.  

Therefore, with the exception of the sewer methane, all these emission types are included in ECAM.  

 

CO2 emissions from biological wastewater treatment:  

These can be emitted directly from the aerobic processes as a by-product of microbial breakdown of 

organic matter.  IPCC considers this source to be biogenic in nature, hence not a contributor to 

increased CO2 concentrations in the atmosphere.  Therefore, this source will not be included in the 

tool for consistency with IPCC guidance.   

 

N2O emissions from sewers: Nitrous oxide is another potent greenhouse gas with a global warming 

potential of 298 CO2-equivalents over a 100 year time horizon (IPCC, 2013).  Although some studies 

have reported N2O emissions to be significant from sewers (Short et al., 2014), the conditions leading 

to N2O emissions in sewers are still not well understood.  IPCC also does not consider sewers as a 

source of N2O emissions; hence, they will not be considered in the GHG assessment framework 

strictly for consistency.   



 

ECAM Methodology ©WaCCliM     16 
 
 
 

 

 

N2O emissions from biological wastewater treatment: With the high global warming potential of 

N2O, it does not take a lot to make up a significant portion of the UWS carbon footprint.  N2O has 

ŀŎǘǳŀƭƭȅ ōŜŜƴ ǎŜŜƴ ǘƻ ƳŀƪŜ ǳǇ ту҈ ƻŦ ŀ ²²¢tΩǎ ǘƻǘŀƭ DID ŜƳƛǎǎƛƻƴǎ ό5ŀŜƭƳŀƴ et al., 2013); 

therefore, it cannot be ignored. N2O emissions from biological wastewater treatment, specifically 

employing nitrification and denitrification for nitrogen removal, can result from the following main 

pathways: 

ü during hydroxylamine (NH2OH) oxidation in the conversion of ammonia (NH3) to nitrite 

(Chandran et al., 2011; Law et al., 2012)  

ü reduction of nitric oxide (NO) produced from nitrite in nitrifier or ammonia oxidizing bacteria 

(AOB) denitrification (Bock et al., 1995; Chandran et al., 2011; Kampschreur et al., 2009) 

ü during heterotrophic denitrification (Hiatt and Grady, 2008) 

The first two pathways listed above typically occur in aerobic reactors designed for nitrification, 

where the N2O produced is immediately stripped into the atmosphere, while the third typically 

occurs in anoxic (or unaerated) reactors designed for denitrification, where the N2O produced can be 

either diffused into the atmosphere within the same reactors, and/or stripped in downstream 

aerobic reactors. The IPCC methodology (2006) includes a default emission factor for N2O from 

wastewater treatment; therefore, it is included in ECAM for consistency.   

However, it should be noted that this emission factor is related to population; whereas it is now 

generally accepted from various studies that risk of N2O emission can be directly related to 

operational conditions (Ahn et al., 2010; Foley et al., 2010; GWRC, 2011; Kampschreur et al., 2009; 

Porro et al., 2014b).  For example, dissolved oxygen levels that are too low can prompt N2O 

production from AOB denitrification (Bock et al., 1995; Chandran et al., 2011; Kampschreur et al., 

2009).  Therefore, these operational conditions should be considered in WWTP optimization 

strategies when trying to minimize GHG emissions.  
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3.3. Methodology for Direct GHG Emissions assessment  

The 2006 IPCC Guidelines for National Greenhouse Gas Inventories have been used as a main 

reference for equations used to calculate the GHG emission from the different stages of the urban 

water cycle. In most cases the equations from the IPCC guidelines have been used directly, but in 

some cases alternate resources have been applied e.g. if IPCC does not account for certain aspects. In 

such cases, references to the respective methodologies have been provided.  

 

3.3.1. Onsite engines GHG   

The GHG emissions from on-site engines, measured in kg CO2e (kilogram of CO2 equivalents), are 

determined by two factors:  

1. Engine Fuel Type (Diesel, Petrol or Natural Gas) 

2. Volume of fuel consumed 

The Input Data 

In the ECAM-Tool, the following data is required to estimate the GHG emissions from on-site engines:  

ü The engine fuel type is to be selected by a drop down menu, where the user can select their 

fuel type. By default, the assumed fuel is Diesel. 

ü The volume consumed.  

¢Ƙƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǊŜǉǳŜǎǘŜŘ ƛƴ ά5ŜǘŀƛƭŜŘ !ǎǎŜǎǎƳŜƴǘέ  

The computation 

 Based on the input data entered in the tool, the following intermediate values will be computed to 

estimate the GHG emissions from on-site engines to be used in the Performance Indicators: 

1. The energy content in the volume of fuel consumed, based on the following expression (IPCC, 

2006): 

 

%ÎÅÒÇÙ &ÕÅÌ #ÏÎÓ !ÓÓÕÍÅÄ ÄÉÅÓÅÌ4* 6ÏÌÕÍÅ ÏÆ &ÕÅÌ ÃÏÎÓÕÍÅÄ&zÕÅÌ ÄÅÎÓÉÔÙ.z#6Ⱦρȟπππȟπππ  
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Fuel Density (FD) and Net Calorific Values (NCV) factors are related with the type of fuel and there 

are tabled values from the IPCC guidelines (Table 3-1). 

2. The emissions from on-site engines running on fuel (in kgCO2e). As fuel is burnt, the engines will 

emit CO2, N2O and CH4 in different quantities depending on the fuel type. The total CO2 

equivalent emissions from fuel engines are computed based on the following expression (IPCC, 

2006):  

 

 

Table 0-1 Fuel Properties (IPCC2006) 

 Fuel density 

[kg/L] 

EF CO2(kg/TJ) EF CH4(kg/TJ) EFN2O 

(kg/TJ) 

NCV  

(TJ/Gg) 

Gasoline/Petrol 0.74 69 300 3 0.6 44.3 

Gas/Diesel Oil 0.84 74 100 3 0.6 43 

Natural Gas 0.75 [kg/m
3
] 56 100 10 0.1 48 

Where: 

¶ 1,000,000: For units conversion 

¶ NCV: Net Calorific Values  [TJ/Gg] (43 for Diesel) 

 

%ÍÉÓÓÉÏÎÓ ÆÒÏÍ ÏÎÓÉÔÅ ÅÎÇÉÎÅÓ ËÇ #/ςÅ%ÎÅÒÇÙ ÆÕÅÌ ÃÏÎÓÕÍÅÄᶻ%&#/ς%&.ς/z#.#

%&#(τ#z-#  

Where: 

¶ EF-CO2: Emission factor of CO2 for the chosen fuel  

¶ EF-N2O: Emission factor of N2O for the chosen fuel  

¶ EF-CH4: Emission factor of CH4 for the chosen fuel  

¶ CNC: Conversion factor for N2O emissions  into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  

¶ CMC: Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  
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3.3.2. Methane from treatment process  

Methane emissions are calculated in the ECAM V2.0 tool for the following processes within the 

boundary of the wastewater treatment plant: 

ü Methane emissions from wastewater treatment, including onsite treatment (Tiers A and B) 

ü Methane emissions from anaerobic digestion (Tiers A and B) 

 

Methane emissions from wastewater treatment 

The Input Data   

In The ECAM-Tool, the following data is required to estimate the GHG emissions from biogas for each 

level of assessment:  

At Initial assessment level, no additional inputs are required other than type of treatment 

ü The methane emissions are based on the serviced population and BOD load per person 

specified, 65 percent of influent BOD removed as sludge, and 10 percent soluble BOD 

escaping treatment in the effluent. 

ü The emissions from the poor aeration in the biological process are not included. 

At Detailed GHG Assessment, the following data is required: 

ü  Type of treatment 

ü  Actual Influent and Effluent BOD5 loads.  

ü  Actual BOD5 mass removed as sludge  

Note that the wastewater treatment methane emission correction factor (MCF) per IPCC (2006) are 

provided by default in the tool and are selected by the user.  See Table 3-2 for some of the MCFs 

provided in the tool.   

The computation 

Wastewater treatment methane emission factor [kgCH4/kgBOD5] (IPCC, 2006) 

 

%&7740#(τ πȢφ Ø -#& 
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 Methane (CO2e) emitted in wastewater treatment plants [kgCO2e] (IPCC, 2006): 

 

 

Table 0-2 Example Methane Correction Factors for some types of treatment (IPCC, 2006) 

Type of Treatment MCF 

centralized aerobic treatment plant (well managed)  0 

Centralized aerobic treatment plant, with minor poorly aerated 
zones(also applies to aerated aerobic lagoons) 

0.1 

Centralized aerobic treatment plant, with some aerated zones 
(also applies to aerated aerobic lagoons) 

0.2 

Centralized aerobic treatment plant, Not well managed (also 
applies to aerated aerobic lagoons) 

0.3 

 

Methane emissions from anaerobic digestion  

The GHG emissions from methane in biogas, measured in kg CO2e (kilograms CO2 equivalents), are 

determined by two factors:  

1. Amount of biogas produced at the WWTP through anaerobic digestion. This amount will vary as a 

function of the treatment and how it is operated.  

2. The type of use for the biogas: if it is flared or if it is valorised in a boiler or co-generation engine 

for electricity and/ or heat.  Although it is rare, it is possible that the biogas is produced, but not 

flared or valorised, which would result in the maximum emissions 

In the ECAM Tool it is assumed that when biogas is flared, 2% of the total methane flared is released 

to the atmosphere, based on expert judgement that the methane is not 100% destructed from 

-ÅÔÈÁÎÅ ÅÍÉÔÔÅÄ"/$ ÉÎ ÔÈÅ ÉÎÆÌÕÅÎÔ"/$ ÉÎ ÔÈÅ ÅÆÆÌÕÅÎÔ"/$ ÒÅÍÏÖÅÄ ÁÓ ÓÌÕÄÇÅᶻ

%&7740#(τ  

Where: 

¶ 0.6: maximum methane production capacity (kgCH4/kgBOD5) as per IPCC (2006) 

¶ MCF: Tabled values (Table 3-2)  
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typical flaring operations.  If biogas is fully valorised, the Tool assumes that no methane emissions 

are released to the atmosphere. 

The Input Data 

In The ECAM-Tool, the following data is required to estimate the GHG emissions from biogas for each 

level of assessment:  

At Initial assessment (Tier A) level no additional inputs are required. 

ü The biogas production is estimated based on the serviced population and default BOD5 loads 

specified, and typical wastewater composition and gas production ratios.   

 

At Detailed GHG Assessment (Tier B), the following data is requested if known: 

ü The actual volume of biogas produced by the digester 

ü The actual volume of biogas valorised 

ü Actual influent and effluent BOD5 loads 

The computation  

Based on the input data entered in the tool, the following intermediate values will be computed to 

estimate the GHG emissions from biogas to be used in the Performance Indicators: 

This computation is executed differently in each level according of the data provided: 

Under Tier A: Initial Assessment: 

The computation is based on the assumptions described in Figure 3-2 below and is carried through 

the tiers unless actual biogas production data is entered in Tier B.   
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Figure 3-2 Organic Energy from WWTP Sludge        DW=Dry Weight PS= Primary Sedimentation 

Biogas produced (estimated at quick assessment versus actual values at detailed assessment):

 

"ÉÏÇÁÓ ÐÒÏÄÕÃÅÄ .Íσ

ÓÅÒÖÉÃÅÄ ÐÏÐÕÌÁÔÉÏÎ ÉÎ ÓÅ×ÅÒ ÁÎÄ 7740 ÐÅÒÓzÃÏÕÎÔÒÙ ÓÐÅÃÉÆÉÃ ÁÖÅÒÁÇÅ "/$υ ÌÏÁÄ ÇȾÐÅÒÓȾÄÁÙz

 πȢψÇ 63ȾÇ "/$υ ÌÏÁÄzπȢτ. ,ȾÇ 63Ⱦρπππz!Ð ÄÁÙÓ  
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aŜǘƘŀƴŜ ǊŜƭŜŀǎŜŘ όƛŦ ǘƘŜ ǳǎŜǊ Ƙŀǎ ŀƴǎǿŜǊŜŘ ¸9{ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ά!ǊŜ ȅƻǳ ǇǊƻŘǳŎƛƴƎ .ƛƻƎŀǎΚά ŀƴŘ bh 

ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ά!ǊŜ ȅƻǳ ǾŀƭƻǊƛǎƛƴƎ ōƛƻƎŀǎΚέύΥ 

 

 

Under Tier B: Detailed Assessment: 

Biogas flared [Nm3] 

aŜǘƘŀƴŜ ǊŜƭŜŀǎŜŘ όƛŦ ǘƘŜ ǳǎŜǊ Ƙŀǎ ŀƴǎǿŜǊŜŘ ¸9{ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ά!ǊŜ ȅƻǳ ǇǊƻŘǳŎƛƴƎ .ƛƻƎŀǎΚά ŀƴŘ bh 

ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ά!ǊŜ ȅƻǳ ǾŀƭƻǊƛǎƛƴƎ ōƛƻƎŀǎΚέ ŀƴŘ Ƙŀǎ ŜƴǘŜǊŜŘ ōƛƻƎŀǎ ǇǊƻŘǳŎŜŘ ǾƻƭǳƳŜύΥ

Where: 

¶ 0.8: ratio of dry weight (g) of organic matter (volatile solids) to BOD5 load (g) entering the plant, 

assuming a theoretical average for a well operated plant with primary sedimentation. This factor 

is derived from Svardal and Kroiss (2011). 

¶  1000: Unit conversion factor  

¶ 0.4 : production of biogas in N L per g of organic matter (VS) contained in the sludge. (PE: 

population equivalent = serviced population) 

¶ 0.59 % CH4 in Biogas 

¶ 0.66: kg CH4/Nm
3
 

¶ Ap: Assessment period in days 

 

-ÅÔÈÁÎÅ ÒÅÌÅÁÓÅÄ ËÇ #/ςÅ πȢπς Ø "ÉÏÇÁÓ ÐÒÏÄÕÃÅÄπzȢυωzπȢφφzστ 

Where: 

¶ 0.59 based on % CH4 in Biogas  

¶ 0.66: kg CH4/Nm
3
 

¶ CMC: Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  

¶ 0.02: 2% of methane losses 

 

"ÉÏÇÁÓ ÆÌÁÒÅÄ "ÉÏÇÁÓ ÐÒÏÄÕÃÅÄ ɀ "ÉÏÇÁÓ ÖÁÌÏÒÉÓÅÄ 
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Wastewater treatment methane emission factor [kgCH4/kgBOD5] (IPCC, 2006): 

Methane (CO2e) emitted in wastewater treatment plants [kgCO2e] (IPCC, 2006): 

 

 

3.3.3. N2O from treatment process 

Nitrous oxide (N2O) emissions are calculated in the ECAM V2.0 tool for emissions from the biological 

wastewater treatment process. As there is always the potential for either intentional or 

unintentional nitrification and/or denitrification based upon how wastewater treatment plants are 

operated, there is always the potential for N2O emissions from the treatment process.    

The Input Data 

At both the Initial and Detailed assessment levels no additional inputs are required: 

ü The N2O emissions are estimated based on the serviced population specified and IPCC 

guidelines (2006).   

-ÅÔÈÁÎÅ ÒÅÌÅÁÓÅÄ ËÇ #/ςÅ πȢπς Ø "ÉÏÇÁÓ ÆÌÁÒÅÄ Ø πȢυω Ø πȢφφ Ø ςψ 

%&7740#(τ πȢφ Ø -#& 

-ÅÔÈÁÎÅ ÅÍÉÔÔÅÄ"/$ ÉÎ ÔÈÅ ÉÎÆÌÕÅÎÔ ɀ "/$ ÉÎ ÔÈÅ ÅÆÆÌÕÅÎÔ "/$ ÒÅÍÏÖÅÄ ÁÓ ÓÌÕÄÇÅᶻ

 %&7740#(τz#-#  

Where: 

¶ 0.02: 2% of methane losses 

¶ 0.59: 59% CH4 in Biogas 

¶ 0.66: kg CH4/Nm
3
 

¶ CMC:  Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  

¶ Ap: Assessment period in days 

¶ MCF: Tabled values (Table 3-2)  
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The computation  

N2O emissions from wastewater treatment process [kg N2O]:

 

 

3.4.5. GHG emissions related to sludge management 

New in version V2.0 of the ECAM-Tool is the possibility to assess emissions from Sludge 

Management. The calculations are primarily based on the BEAM-tool (2009) methodology and 

include GHG emissions from the following activities: 

ü Sludge storage (Tier B only)  

ü Sludge disposal (Tier A and B) 

¶ Landfilling 

¶ Land application 

¶ Incineration 

¶ Composting 

¶ Stockpiling 

ü Sludge transport to disposal site (Tier B only) 

The Input Data 

The key items that impact the GHG emissions from sludge management are the following: 

ü Sludge produced (dry weight)  

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ .ς/ ÓÅÒÖÉÃÅÄ ÐÏÐÕÌÁÔÉÏÎ ÆÏÒ 7740 ÐÅÒÓzρȢςυ Ø σȢςȾρπππȾσφυ ÄÁÙÓz

 !ÐÄÁÙÓ  

Where: 

¶ 1.25: fraction of industrial and commercial co-discharged protein per IPCC (2006). 

¶ 3.2: N2O emission factor, 3.2 g N2O/person/year 

¶ 1000: Unit conversion factor  

¶ Ap: Assessment period in days 
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ü Whether sludge is digested or not 

In The ECAM-Tool, the following data is required to estimate the GHG emissions from sludge 

ƳŀƴŀƎŜƳŜƴǘ ŀǘ ǘƘŜ άLƴƛǘƛŀƭέ !ǎǎŜǎǎƳŜƴǘ ƭŜǾŜƭΥ  

ü Disposal method  

ü Biogas production (Yes or No).   

This is asked for estimating biogas production; however, it is also used for sludge disposal GHG 

emissions estimates, because if Yes, then tool assumes sludge is digested, and if No, then tool 

assumes sludge is not digested.  

In The ECAM-Tool, the following data is required to estimate the GHG emissions from sludge 

ƳŀƴŀƎŜƳŜƴǘ ŀǘ ǘƘŜ ά5ŜǘŀƛƭŜŘέ !ǎǎŜǎǎƳŜƴǘ ƭŜǾŜƭΥ  

ü Disposal method (if different in sub-stages) 

ü Whether sludge is Digested or Non-digested sludge. If Digested, 40% volume reduction is 

assumed  

ü Wet weight of sludge produced (used to calculate dry weight) 

ü Number of trips to disposal site 

ü Distance to disposal site  

ü Storage time  

The computation  

CƛǊǎǘΣ ŀǘ ǘƘŜ άLƴƛǘƛŀƭέ !ǎǎŜǎǎƳŜƴǘ ƭŜǾŜƭΣ ǘƘŜ ǎƭǳŘƎŜ ǇǊƻŘǳŎŜŘ ƛǎ ŜǎǘƛƳŀǘŜŘ ōŀǎŜŘ ƻƴ ŘŜŦŀǳƭǘ .h5 

load/person specified, whether sludge is digested or not, and typical values of total and volatile 

suspended solids for activated sludge processes.  Based upon the sludge produced, which is 

considered to be the wet weight, the dry weight is calculated based upon 4% solids content. Four 

percent solids content for sludge can result from a wide range of sludge processing unit operations 

that can be feasibly expected at wastewater treatment plants around the world.  If dewatering by 
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centrifuge or chemical conditioning is used, then 20% solids can be expected; however it is not used 

as the default.  Of course, the user can estimate the dry weight of sludge based on the actual percent 

solids and the specific situation, or just the actual dry weight can be entered if this is already known.    

The sludge production estimated at the Initial Assessment level is as follows:  

Sludge produced (estimated at initial assessment versus actual values at detailed assessment):

 

If sludge is digested, then the above value is multiplied by 0.6.  

Once dry weight is calculated, the BEAM tool methodology is applied for each of the sludge 

management methods.  The exception are stockpiling, which is based upon Majumder et al. (2014) 

and Sludge storage methane emissions that is based on Daelman et al. (2014).  By clicking on the 

variables for each method, the equations are described in a description page. 

 

 

3ÌÕÄÇÅ ÐÒÏÄÕÃÅÄ ×ÅÔ ×ÅÉÇÈÔȟËÇ 433

"/$υ ÌÏÁÄ ÇȾÐÅÒÓzπȢππρz3ÅÒÖȢ0ÏÐȢz!ÐÄÁÙzπȢυυzρȢρχφ 

Where: 

¶ 0.55: ratio of g volatile suspended solids to g of substrate (BOD) removed per Metcalf and Eddy 

(2003). 

¶ 0.1: Assumes 10% of the influent BOD load escapes treatment and leaves the wwtp in the 

effluent   

¶ 1e-3: Unit conversion factor kg/g 

¶ 1.176: Conversion factor, ratio of total suspended solids to volatile suspended solids (g TSS/ g 

VSS) in typical activated sludge per Metcalf and Eddy (2003).   

¶ Ap: Assessment period in days  
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3.4.5.1. Sludge management options  

In the following section the most critical factors for the emissions from sludge management are 

presented. Where possible, equations have been adopted from the BEAM tool, which is considered a 

sound and detailed basis for calculations (Environmental, 2009).  

Storage 

Sludge storage methane emissions are based on Daelman et al. (2014), whereby a maximum of 5 

percent of the methane potential in the sludge is released with a 20 day or greater detention time, 

3% of the methane potential is the sludge is released with a detention time of 5 to 20 days, and zero 

is released with less than 5 days of storage time.  The methane potential is calculated based upon the 

default BOD load/person and whether the sludge is digested or not.    

Composting 

Methane (CH4) emissions: If compost piles are covered or process air is treated in a biofilter, CH4 

emissions are negligible; otherwise, small amounts are possible.  

Nitrous oxide (N2O) emissions: Minimal nitrous oxide emissions from the composting process are 

possible. Additional emissions may occur after biosolids compost is applied to soil.   

If composting air emissions are treated and/or piles are covered, or composting air is released to the 

atmosphere and compost is > 55% solids, then

If composting air is released to the atmosphere and compost is < 55% solids, then

 

#(τ ÅÍÉÓÓÉÏÎÓ ËÇȾÄÁÙÚÅÒÏ π 

#(τ ÅÍÉÓÓÉÏÎÓ ËÇ #/ς ÅÑ

ÓÌÕÄÇÅ ÍÁÓÓ ËÇ z Ϸ ÏÒÇÁÎÉÃ # ÉÎ ÓÌÕÄÇÅ z Ϸ 63 z #(τ ÅÍÉÓÓÉÏÎÓ ÆÏÒ ÕÎÃÏÖÅÒÅÄ ÐÉÌÅ z

 # ÔÏ #(τ ÃÏÎÖÅÒÓÉÏÎ ÆÁÃÔÏÒ z #-#  
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Nitrous oxide (N2O) emissions:    

If C:N ratio is > 30, or C:N ratio is < 30 and compost is > 55% solids, then 

N2O emissions (kg/day) = zero (0)   

If C:N is < 30 and compost is < 55% solids, then 

 

 

 

 

 

Where:  

¶ 56: % of organic carbon in volatile solids  

¶ 51: % of volatile solids in digested sludge   

¶ 70: % of volatile solids in not-digested sludge   

¶ 2.5: % of CH4 emission for uncovered pile    

¶ 1.3: C to CH4 conversion factor    

¶ CMC: Conversion factor for CH4 to CO2 equivalent (varies from 11 to 34 based on IPCC report year 

selected) 

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ #/ς ÅÑ ÓÌÕÄÇÅ ÔÒÅÁÔÅÄ ËÇ z Ϸ ÔÏÔÁÌ . z .ς/ ÅÍÉÓÓÉÏÎÓ ÆÏÒ ÌÏ× #ȡ.  z

 . ÔÏ .ς/ ÃÏÎÖÅÒÓÉÏÎ ÆÁÃÔÏÒ ρȢυχ z #.#  

Where:  

¶ 3: % total N   

¶ 1.5: % N2O emissions for low C:N     

¶ 1.57: N to N2O conversion factor   

¶ CNC: Conversion factor for N2O to CO2 equivalent ς varies from 265 to 310 based on IPCC report 

year selected  
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Incineration (combustion) 

Methane (CH4) emissions: CH4 emissions from combustion are minimal. 

Nitrous oxide (N2O) emissions: N2O emissions are the largest concern with combustion of biosolids. 

They are caused mostly by thermal conversion of nitrogen (N) and by use of urea-based SNCR 

emissions control systems. 

 

 

Land Application 

Methane (CH4) emissions: Methane emissions are possible when biosolids are stored after 

stabilization and prior to land application. Such emissions are considered under the sludge storage. 

Nitrous oxide (N2O) emissions: N2O emissions are possible when nitrogen fertilizers, including 

biosolids, are applied to soils. Emissions are likely greater when biosolids are applied to fine-textured 

soils and when solids are wetter (< 55% solids). N2O emissions are also possible during storage.  

If the biosolids C:N ratio > 30, then  

#(τ ÅÍÉÓÓÉÏÎÓ ËÇ #/ς ÅÑ

ÓÌÕÄÇÅ ÔÒÅÁÔÅÄ ËÇ zπȢππππτψυ +Ç #(τȾÄÒÙ +Ç ÓÌÕÄÇÅ ÄÅÆÁÕÌÔ ÖÁÌÕÅȟÁÓÓÕÍÉÎÇ ςπϷ ÓÏÌÉÄÓ z#-#  

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ #/ς ÅÑ

Ϸ ÏÆ ÔÏÔÁÌ . ÍzÁÓÓ ÏÆ ÓÌÕÇÅᶻρφρȢσ πȢρτπz ÈÉÇÈÅÓÔ ÆÒÅÅ ÂÏÁÒÄ ÔÅÍÐz πȢπρ

.z ÔÏ .ς/ ÃÏÎÖÅÒÓÉÏÎ#z.# 

Where:  

¶ оΥ ҈ ǘƻǘŀƭ b όǘƘƛǎ ƛǎ ŘƛŦŦŜǊŜƴǘ ŦƻǊƳ ǘƘŜ ŀǳǘƘƻǊǎΩ ǇǊƻǇƻǎŀƭ ƛƴ .9!a ǘƻƻƭΣ пύ 

¶ 1.57: N to N2O conversion factor   

¶ CNC: Conversion factor for N2O to CO2 equivalent ς varies from 265 to 310 based on IPCC report 

year selected  
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N2O (kg/day) = zero (0)    

If the biosolids C:N ratio < 30, then 

 

 

Landfill Disposal 

Methane (CH4) emissions: CH4 emissions from biosolids placed in a typical landfill are significant and 

difficult to control. Considerable research has been conducted on landfill methane emissions in 

general, and refined formulas have been developed and are used in the BEAM. Additional minimal 

emissions are created when the CH4 is burned for heat or power.  

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ #/ς ÅÑ

ÓÌÕÄÇÅ ÍÁÓÓ ËÇz  Ϸ ÏÆ ÔÏÔÁÌ . z Ϸ ÏÆ ÓÌÕÄÇÅ ÁÐÐÌÉÅÄ ÏÎ ÆÉÎÅ ÏÒ ÃÏÁÒÓ ÔÅØÔÕÒÅÄ ÓÏÉÌÓ z

 Ϸ ÏÆ . ÔÈÁÔ ÇÏÅÓ ÔÏ .ς/ z . ÔÏ .ς/ ÃÏÎÖÅÒÓÉÏÎ z #.#  

Where:  

¶ 3: % of total nitrogen in not-digested sludge     

¶ 4: % of total nitrogen in digested sludge   

¶ 2.3: % of N that goes to N2O from fine-textured soil      

¶ 0.5: % of N that goes to N2O from coarse-textured soil     

¶ 1.57: N to N2O conversion   

¶ CNC: Conversion factor for N2O emissions into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  
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For fugitive methane emissions from biosolids decomposition in the landfill during the first 3 years 

after placement:

 

Nitrous oxide (N2O) emissions: Landfilled biosolids will likely be anaerobic or close to anaerobic, 

resulting in potential N2O emissions.  

If C:N ratio is > 30, then  

N2O emissions (kg/day) = zero (0)   

If C:N ratio is < 30, then

 

#(τ ÅÍÉÓÓÉÏÎÓ ËÇ #/ς ÅÑ

ÓÌÕÄÇÅ ÍÁÓÓ ËÇz  Ϸ63 z Ϸ ÏÒÇÁÎÉÃ # ÉÎ 63 z πȢω z # ÔÏ #(τ ÃÏÎÖÅÒÓÉÏÎ ÆÁÃÔÏÒ 

 z#(τ ÉÎ ÌÁÎÄÆÉÌÌ ÇÁÓ z Ϸ ÄÅÃÏÍÐÏÓÅÄ ÉÎ ÆÉÒÓÔ σ ÙÅÁÒÓ z -#&ÌÁÎÄÆÉÌÌ z #-# 

Where:  

¶ 56: % of organic carbon in volatile solids   

¶ 51: % of volatile solids in digested sludge   

¶ 70: % of volatile solids in not-digested sludge  

¶ 0.9: model uncertainty factor   

¶ 1.3: C to CH4 conversion factor   

¶ 50: % of CH4 in landfill gas   

¶ 80: % DOCf -the decomposable organic fraction of raw wastewater solids   

¶ 69.9: % decomposed in first 3 years   

¶ MCF-landfill (methane correction for anaerobic managed landfills) ς 1 

¶ CMC: Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  

 

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ #/ς ÅÑ ÓÌÕÄÇÅ ÍÁÓÓ ËÇ z Ϸ ÏÆ ÔÏÔÁÌ . z .ς/ ÅÍÉÓÓÉÏÎÓ ÆÏÒ ÌÏ× #ȡ. z

 . ÔÏ .ς/ ÃÏÎÖÅÒÓÉÏÎ z#.#  
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Stockpiling 

This part is developed based on Majumder et al. (2014) 

Methane (CH4) emissions:  methane emissions from biosolid stockpiles is negligible   

Nitrous oxide (N2O) emissions: N2O emissions are the main GHG contributors from stockpiling and the 

GHG emission varies with the age of stockpiles. Very young stockpiles were found to emit large 

amount of nitrous oxide.    

 

 

3.4. Indirect GHG emissions assessment 

3.4.1. Grid electricity  

The grid electricity GHG emission factor measures the kilograms (kg) of carbon dioxide (CO2) emitted 

per kWh of electricity generated from fossil fuels per IPCC guideline (2006). Renewable sources of 

electricity such as hydropower, wind, solar and even nuclear, are carbon-free. The emission factors 

Where:  

¶ 3: % of total nitrogen in not-digested sludge   

¶ 4: % of total nitrogen in digested sludge   

¶ 1.5: % of N2O emissions for low C:N   

¶ 1.57: N to N2O conversion   

¶ CNC: Conversion factor for N2O emissions  into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  

ËÇ #/ς ÅÑ ÓÌÕÄÇÅ ÍÁÓÓ ËÇ z ωπȢσ z πȢππρ 

Where:  

¶ 90.3:  kg CO2-e /Mg dry sludge. year  

¶ 0.001: kg to Mg conversion factor  
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for electricity delivered to customers from a mix of generation sources usually takes into account the 

average annual contribution of the different sources. Therefore, GHG emissions depend not just on 

the country, but also on the year and on the urban water industry potentially generating energy from 

urban water (for instance pumps working as turbines ςPATs-, installed into the distribution networks, 

or in the wastewater treatment plants Combined Heat and Power ςCHP- engines running on biogas, 

and heat pumps). In ECAM, users can apply the mix factor (kg CO2/kWh) based on, when available, 

local data provided by the municipalities for electricity used. If that is not the case, the yearly average 

country default values in the tool should be used Daily time variations of the conversion factor, 

depending on the fuel source mix (hydroelectric, coal, etc.) are not considered. 

3.4.2. GHG emissions from collected but untreated wastewater  

The GHG emissions from untreated wastewater discharge, measured in kg CO2e (CO2 kilogram 

equivalents), are based on:  

ü Amount of population without connection to the wastewater treatment system, and without 

onsite treatment 

ü Amount of population with connection to the sewer, but not wastewater treatment 

ü Nitrogen (for N2O emissions) and BOD (for CH4 emissions) content in the wastewater 

The Input Data 

In The ECAM-Tool, the following data is required to estimate the GHG emissions from untreated 

wastewater discharge:  

The following inputs are required in Population page to determine the nitrogen and BOD load of 

untreated wastewater based on default protein consumption and BOD loading/person: 

1. Resident population within the wastewater utility service area 

2. Population connected to sewers 

3. Population serviced by wastewater treatment 

4. Population with onsite treatment  
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In Configuration, default values for protein consumption, to determine the nitrogen in the untreated 

wastewater, and BOD load per person are selected per IPCC guidelines (Figure 3-3).  

The computation  

Based on the input data entered in the tool, the following will be computed to estimate the GHG 

emissions from untreated wastewater discharge that the utility is responsible for: 

This computation runs in parallel for the nitrogen related content and for the BOD related content. 

N2O emissions from untreated wastewater direct discharge by utility [kgCO2e] (IPCC, 2006):

 

CH4 emissions from untreated wastewater direct discharge by utility [kgCO2e] (IPCC, 2006):

 

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ #/ςÅ 0ÏÐÕÌÁÔÉÏÎ ÃÏÎÎÅÃÔÅÄ ÔÏ Á ÓÅ×ÅÒ ÓÙÓÔÅÍ ÂÕÔ ÎÏÔ ÔÏ ÁÎÙ 774ᶻ

 ÐÒÏÔÅÉÎÄzÁÙÓȾσφυzπȢρφzρȢρz ρȢςυz πȢππυzττȾςψz  #.#  

#(τ ÅÍÉÓÓÉÏÎÓ ËÇ #/ςÅ 0ÏÐÕÌÁÔÉÏÎ ÃÏÎÎÅÃÔÅÄ ÔÏ Á ÓÅ×ÅÒ ÓÙÓÔÅÍ ÂÕÔ ÎÏÔ ÔÏ ÁÎÙ 774ᶻ

"/$ȾρπππzÄÁÙÓzπȢπφz #-#  
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Table 0-3 BOD values in domestic wastewater adapted from (IPCC, 2006) 

Estimated BOD5 values in domestic wastewater for selected regions and countries  

Country/Region BOD5 (g/person/day) 

Africa 37 

Egypt 34 

Asia, Middle East, Latin America 40 

India 34 

West Bank and Gaza Strip (Palestine)  50 

Where: 

¶ Serv. Pop.: the number of service population for wastewater (see Fig 4-3) 

¶ Protein: annual per capita protein consumption, kg/person/yr (source FAO Statistics Division) 

¶ 0.16: FNPR = fraction of nitrogen in protein, default = 0.16, kg N/kg protein 

¶ 1.1: FNON-CON = factor for non-consumed protein added to the wastewater (1.1 for developed 

countries) 

¶ 1.25: FIND-COM = factor for industrial and commercial co-discharged protein into the sewer 

system. (default is 1.25 but use 1 if there are no industrial or commercial connecting without 

onsite treatment) 

¶ 0.005: Emission Factor Effluent (kg N20-N/kg N) (Tabled value) 

¶ 44/28: is the conversion of kg N2O-N into kg N2O 

¶ 365: Days per year 

¶ 0.06: EFj (kg CH4/kg BOD) (This value comes from the multiplication of Bo (kg CH4/kg BOD) (= 0.6) 

x MCFj (=0.1, for direct discharge into a river, lake or sea) 

¶ CNC: Conversion factor for N2O emissions  into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  

¶ CMC: Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  

 

¶ BOD: g/person/day  (from IPCC guidelines)(Table 3-3) 

¶ 1000: Unit conversion factor 
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Japan 42 

Brazil 50 

Canada, Europe, Russia, Oceania 60 

Denmark 62 

Germany 62 

Italy 60 

Sweden 75 

Turkey 38 

United States  85 

 

3.4.3. GHG emissions from untreated wastewater not connected to sewer network 

Based on the input data entered in the tool, the following will be computed to estimate the GHG 

emissions from untreated wastewater discharge that the utility is not responsible for: this 

computation runs in parallel for the nitrogen related content and for the BOD related content. 

N2O emissions from untreated wastewater direct discharge not serviced by utility [kgCO2e] (IPCC, 

2006):

CH4 emissions from untreated wastewater direct discharge not serviced by utility [kgCO2e] (IPCC, 

2006):

 

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ #/ςÅ

2ÅÓÉÄÅÎÔ ÐÏÐÕÌÁÔÉÏÎ ɀ ÐÏÐÕÌÁÔÉÏÎ ÃÏÎÎÅÃÔÅÄ ÔÏ Á ÓÅ×ÅÒzÐÒÏÔÅÉÎÄzÁÙÓȾσφυ

 zπȢρφzρȢρz  ρȢςυz πȢππυzττȾςψz #.# 

#(τ ÅÍÉÓÓÉÏÎÓËÇ #/ςÅ 2ÅÓÉÄÅÎÔ ÐÏÐÕÌÁÔÉÏÎ ɀ ÐÏÐÕÌÁÔÉÏÎ ÃÏÎÎÅÃÔÅÄ ÔÏ Á ÓÅ×ÅÒz"/$Ⱦρπππz

 ÄÁÙÓzπȢπφz #-#  
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3.4.4. GHG emissions from onsite treatment   

The GHG emissions from onsite treatment of wastewater for the population not serviced by the 

wastewater system, measured in kg CO2e (CO2 kilogram equivalents), are based on:  

ü Treatment by septic system 

ü Nitrogen (for N2O emissions) and BOD (for CH4 emissions) content in the wastewater 

These emissions are not counted in the GHG emissions total for the utility and are quantified 

separately in the ECAM tool.   

Where: 

¶ Protein: annual per capita protein consumption, kg/person/yr (use 20.8 for Thailand, 24.5 for 

Peru, and 33.6 for Mexico (source FAO Statistics Division.)) 

¶ 0.16: FNPR = fraction of nitrogen in protein, default = 0.16, kg N/kg protein 

¶ 1.1: FNON-CON = factor for non-consumed protein added to the wastewater (1.1 for developed 

countries) 

¶ 1.25: FIND-COM = factor for industrial and commercial co-discharged protein into the sewer 

system. (default is 1.25 but use 1 if there are no industrial or commercial connecting without 

onsite treatment) 

¶ 0.005: Emission Factor Effluent (kg N20-N/kg N) (Tabled value) 

¶ 44/28: is the conversion of kg N2O-N into kg N2O 

¶ 365: Days per year 

¶ 0.06: EFj (kg CH4/kg BOD) (This value comes from the multiplication of Bo (kg CH4/kg BOD) (= 0.6) 

x MCFj (=0.1, for direct discharge into a river, lake or sea) 

¶ CNC: Conversion factor for N2O emissions  into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  

¶ CMC: Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  

¶ BOD: g/person/day (from IPCC guidelines) (Table 3-3)   

¶ 1000: Unit conversion factor 
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The Input Data 

In The ECAM-Tool, the following data is required to estimate the GHG emissions from onsite 

treatment:  

ü The following input is required in Population page to determine the nitrogen and BOD load of 

the wastewater based on default protein consumption and BOD loading/person: 

¶ Population with onsite treatment  

ü In Configuration, default values for protein consumption, to determine the nitrogen in the 

wastewater, and BOD load per person are selected per IPCC guidelines.  

The computation  

Based on the input data entered in the tool, the following will be computed to estimate the GHG 

emissions from onsite wastewater treatment that the utility is not responsible for: 

N2O emissions from wastewater discharge from population with onsite treatment not serviced by 

utility [kgCO2e] (IPCC, 2006):   

Methane (CO2e) emitted from onsite treatment [kgCO2e] (IPCC, 2006): 

 

.ς/ ÅÍÉÓÓÉÏÎÓ ËÇ #/ςÅ ÐÏÐÕÌÁÔÉÏÎ ×ÉÔÈ ÏÎÓÉÔÅ ÔÒÅÁÔÍÅÎÔÐzÒÏÔÅÉÎÄzÁÙÓȾσφυzπȢρφzρȢςυz

ρȢρz  πȢππυz ττȾςψz #.#     

#(τ ÅÍÉÓÓÉÏÎÓÐÏÐÕÌÁÔÉÏÎ ×ÉÔÈ ÏÎÓÉÔÅ ÔÒÅÁÔÍÅÎÔ Ø "/$Ⱦρπππ Ø ÄÁÙÓ Ø πȢπφ Ø #-# 
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3.5. Assessment of other indirect emissions   

Other sources of indirect GHG emissions resulting from on-site operations included in the scope of 

the project include the following: 

CO2, CH4, and N2O emissions from sludge transport off-site:  

Where: 

¶ Protein: annual per capita protein consumption, kg/person/yr (use 20.8 for Thailand, 24.5 for 

Peru, and 33.6 for Mexico (source FAO Statistics Division.)) 

¶ 0.16: FNPR = fraction of nitrogen in protein, default = 0.16, kg N/kg protein 

¶ 1.1: FNON-CON = factor for non-consumed protein added to the wastewater (1.1 for developed 

countries) 

¶ 1.25: FIND-COM = factor for industrial and commercial co-discharged protein into the sewer 

system. (default is 1.25 but use 1 if there are no industrial or commercial connecting without 

onsite treatment) 

¶ 0.005: Emission Factor Effluent (kg N20-N/kg N) (Tabled value) 

¶ 44/28: is the conversion of kg N2O-N into kg N2O 

¶ 365: Days per year 

¶ 0.5: Assumes 50% BOD removal based on Metcalf and Eddy (2003). 

¶ BOD removed as sludge: default of 0 used per IPCC (2006) as sludge is not removed frequently 

¶ EF(onsite)CH4 = 0.3: This value comes from the multiplication of Bo (kg CH4/kg BOD) (= 0.6) by 

MCF (=0.5, for septic system) per IPCC (2006)  

¶ CNC: Conversion factor for N2O emissions  into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  

¶ CMC: Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  

¶ BOD: g/person/day (from IPCC guidelines)( (Table 3-3) 

¶ 1000: Unit conversion factor 
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These emissions are related to the vehicle fuel consumption in the transport of sludge off-site from 

the WWTP. They can be directly related to performance/operations on-site because the level of 

sludge dewatering before disposal will dictate the amount trips taken by sludge hauling trucks, the 

fuel consumption/combustion, and thus the GHG emissions from the sludge transport.   

N2O emissions from effluent discharge in receiving waters: 

 N2O can be indirectly (off-site) emitted from WWTPs in receiving waters from the conversion of the 

nitrogen in the effluent by various nitrifying and denitrifying bacteria cultures.  This can be directly 

related to on-site operations, specifically the nitrogen removal performance of the WWTP, as the 

emissions are estimated using a default emission factor per IPCC guidelines (2006) and the nitrogen 

discharged in the effluent.   

Now that the exact scope of the direct GHG emissions has been defined for the project, the 

methodology is described below for the indirect GHG emissions related to sludge transport and 

wastewater effluent.    

3.5.1. GHG emissions from truck transport of water or sludge 

The method for estimating CO2, CH4, and N2O emissions from on-site stationary combustion, such as 

from engine generators and drives, will be based upon the IPCC guidelines (2006), Volume 2 (Energy), 

Chapter 3: Mobile Combustion.  For estimating CO2 emissions, Equation 3.2.1 from the IPCC 

guidelines is applied, which is based upon the fuel consumed and a default emission factor based on 

fuel type.  For estimating CH4 and N2O emissions, Equation 3.2.3 in the IPCC guidelines will be 

applied, which is based upon the fuel consumed and fuel type.   

The GHG emissions from truck transport of water and/or sludge, measured in kg CO2e (CO2 kilogram 

equivalents), are determined by two factors:  

ü Engine Fuel Type (Diesel, Petrol or Natural Gas) 

ü Volume of fuel consumed 
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There are many different factors contributing to this volume of fuel consumed (road quality, driver, 

age of the vehicle and level of maintenance etc.).  

The Input Data 

In The ECAM-Tool, the following data is required to estimate the GHG emissions from truck 

transport:  

ü The engine fuel type is to be selected by a drop down menu, where the user can 

select the fuel type. By default, the assumed fuel is Diesel. 

ü Volume of fuel used (for drinking water and water reuse only).   

ü The number of trips to the disposal site (for sludge only) 

ü The distance to the disposal in km of driving (for sludge only - one way). 

For sludge, since the trucks are normally owned by a private hauler and not owned by the utility, the 

ECAM Tool assumes an average consumption of 25 L/100 km (0.25 L/km). For drinking water and 

water reuse, since it is normally ǘƘŜ ǳǘƛƭƛǘȅΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ǿŀǘŜǊΣ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ŦǳŜƭ ǳǎŜŘ ƛǎ 

requested since the utility normally tracks this information as part of its operating costs. However, if 

the fuel consumption is not tracked, it can be estimated based upon the same 25 L/100 km 

consumption factor, the distance to cover each trip, and the number of trips.     

This ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǊŜǉǳŜǎǘŜŘ ƻƴƭȅ ŀǘ ǘƘŜ ά5ŜǘŀƛƭŜŘ !ǎǎŜǎǎƳŜƴǘ ƭŜǾŜƭΦέ  

The computation  

Based on the input data entered in the tool, the following intermediate values will be computed to 

estimate the GHG emissions from on-site engines to be used in the Performance Indicators: 

The energy content in the volume of fuel consumed, based on the following expression (IPCC, 2006): 

 

%ÎÅÒÇÙ &ÕÅÌ #ÏÎÓ !ÓÓÕÍÅÄ ÄÉÅÓÅÌ4* .ÕÍÂÅÒ ÏÆ ÔÒÉÐÓ ÔÏ ÄÉÓÐÏÓÁÌ ÓÉÔÅςz ÒÏÕÎÄ ÔÒÉÐz

ËÍ ÔÏ ÄÉÓÐÏÓÁÌ ÓÉÔÅ zÁÖÅÒÁÇÅ ÆÕÅÌ ÃÏÎÓÕÍÐÔÉÏÎ ÐÅÒ ËÍz &ÕÅÌ ÄÅÎÓÉÔÙ.z#6Ⱦρȟπππȟπππ  
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Table 0-4 Fuel Properties 

 Fuel density 

[kg/L] 

EF CO2(kg/TJ) EF CH4(kg/TJ) EFN2O 

(kg/TJ) 

NCV  

(TJ/Gg) 

Gasoline/Petrol 0.74 69 300 3.8 1.9 44.3 

Gas/Diesel Oil 0.84 74 100 3.9 3.9 43 

Natural Gas 0.75 [kg/m
3
] 56 100 92 0.2 48 

3.5.2. GHG emissions from treated effluent discharge 

The methodology to be followed for estimating N2O emissions from receiving waters off-site due to 

wastewater effluent is based upon IPCC guidelines (2006), Volume 5 (Wastes), Chapter 6: 

Wastewater Treatment and Discharge.  Specifically Equation 6.7 of the guidelines will be used, which 

is based upon the nitrogen in the effluent and a default N2O emission factor (0.005 kg N2O-N / kg N).  

Where: 

¶ 1,000,000: For units conversion 

¶ NCV: Net Calorific Values [TJ/Gg] (43 for Diesel) Fuel Density (FD) and Net Calorific Values 

(NCV) factors are related with the type of fuel and there are tabled values from the IPCC 

guidelines (Table 3-4). 

 

%ÍÉÓÓÉÏÎÓ ÆÒÏÍ ÖÅÈÉÃÌÅ ÅÎÇÉÎÅÓ ×Óȟ×× %ÎÅÒÇÙ ÆÕÅÌ ÃÏÎÓÕÍÅÄᶻ%&#/ς  %&.ς/ Ø #.#

%&#(τz #-#  

Where:  

¶ EF-CO2: Emission factor of CO2 for the chosen fuel  

¶ EF-N2O: Emission factor of N2O for the chosen fuel  

¶ EF-CH4: Emission factor of CH4 for the chosen fuel  

¶ CNC: Conversion factor for N2O emissions  into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  

¶ CMC: Conversion factor for CH4 emissions into CO2 equivalent emissions (varies from 11 to 34 

based on IPCC report year selected)  
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The uncertainty of this emission factor is rather high, as the possible range of values per IPCC is 

0.0005 ς 0.25 kg N2O-N / kg N.  However, as previously mentioned, this indirect GHG emission source 

can be directly related to the performance of the WWTP (nitrogen removal); therefore, it provides a 

means of monitoring performance versus estimated GHG emissions reductions.    

The GHG emissions from treated effluent discharge, measured in kg CO2e (CO2 kilogram equivalents), 

are determined by one factor:  

ü Nitrogen load of the effluent from the wastewater treatment plant. 

Whether they have specific nitrogen limits or not, most WWTPs monitor the nitrogen in the effluent.   

The Input Data 

In The ECAM-Tool, the following data is required to estimate the GHG emissions from treated 

effluent discharged at both the Initial and Detailed Assessment levels:  

ü Average total nitrogen concentration in the effluent limit. 

The computation  

Based on the input data entered in the tool, the following will be computed to estimate the GHG 

emissions from untreated effluent discharge to be used in the Performance Indicators:

 

.ς/ %ÍÉÓÓÉÏÎÓ ËÇ #/ςÅ

!ÖÅÒÁÇÅ ÎÉÔÒÏÇÅÎ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÉÎ ÔÈÅ ÅÆÆÌÕÅÎÔ ÍÇȾ,ᶻÖÏÌ ÏÆ ÔÒÅÁÔÅÄ ×ÁÓÔÅ×ÁÔÅÒ ÍσȾρπππz

πȢππυzττȾςψ #z.#  
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3.6. Performance indicators and methodology 

The typical Performance Indicators (PIs) to be used in the project are based upon the IWA PI 

frameworks that have been broadly and successfully used worldwide (Cabrera et al., 2011).  

A performance indicator is a measure of the efficiency and effectiveness related to specific issues of 

the delivery of the services by an undertaking. A PI can be dimensionless (-, %) or intensive (e.g. 

kWh/m3).  

There are 3 types of Performance indicators: 

1. YŜȅ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎ όƪtLǎύΦ tǊƻǾƛŘŜ Ǝƭƻōŀƭ ǇƛŎǘǳǊŜ ƻŦ ǎǘŀƎŜΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ς energy or 

GHG. 

2. Context PIs. Provide context information about the stage (e.g. sludge quality is related to 

energy consumption) 

3. Service level PIs. Provide more information on service level. Limited number of key quality of 

service indicators that need to be taken into account when interpreting monitoring results 

of direct and indirect emissions. For instance, emissions per m3 of treated water may 

increase if the level of treatment increases; emissions per m3 of authorized consumption 

may also increase if there were insufficient pressure in the baseline and the situation is fixed 

during the course of the project. If these aspects were not included in the assessment 

system, improvement measures might appear to have not worked. The same rational 

reversely applies for tracing decreases in the levels of service 

 

Where: 

¶ 1000: conversion of units 

¶ 0.005: Effluent (kg N20-N/kg N) N2O emission factor  

¶ (44/28): is for the conversion of kg N2O-N into kg N2O 

¶ CNC: Conversion factor for N2O emissions  into CO2 equivalent emissions (varies from 265 to 310 

based on IPCC report year selected)  
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Interpreting performance indicators and benchmarks  

Two examples are provided below on how energy performance outcomes can be interpreted. Both 

examples correspond to water pressurized transport (pumping stages):  

ü The energy required to elevate 1 m3 one hundred meters (or, to increment its pressure 

into 9.81 bar), is exactly 0.2725 kWh/m3. Assuming a global inefficiency (mainly pump 

and electric motor drive), of 0.70, a reasonable value is 0.4 kWh/m3. If water is pumped 

in a well, an elevation of 100 m and the calculated value of the indicator results in 0.70 

kWh/m3, it is evident that there is room for improvement.  

ü At the distribution stage the evaluation is a bit more complex because inefficiencies can 

be due not just to poor performances of the pumping station, but also to leaks, pipe 

friction or other losses such as, for instance, pressure break tanks. As before, indicators 

to measure the ideal (theoretical) and the real global efficiencies (this last one to be 

determined based on specifics of the utility) are required to calculate the difference 

(that is to say, the improvement margin).  

When significant differences between the measure performance and the benchmark value are 

observed, an energy audit to understand the origin of the inefficiencies must be activated.  Overall, 

tƻ ŀǎǎŜǎǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀǘ ŜŀŎƘ ǎǘŀƎŜΣ ƛƴŘƛŎŀǘƻǊǎ ŀǊŜ ǊŜǉǳƛǊŜŘΦ ²ƘŜƴ ǇƻǎǎƛōƭŜΣ L²! 

indicators are used and, when necessary, complemented with other metrics.  

Important: Users should always analyse the performance indicators and benchmarks applied 

cautiously, keeping in mind the specific characteristics of the system lay-out and operating conditions 

as well as taking into account the quality of input data and potential uncertainties involved (section 

3.8).  

3.7. Tier-A Assumptions 

The following are assumptions and estimations that are made at the Tier A level.   

Biogas ς for estimations made on Biogas produced (m3), Methane content of biogas (%), and 

Valorising biogas see section 3.3.2 of this document. 
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WWT type and estimations ς  

Influent BOD5: 

 

 

Effluent BOD5: 

 

 

BOD removed as sludge: 

 

 

 

 

)ÎÆÌÕÅÎÔ "/$υËÇ "/$υÇȾÐȾÄ 3zÅÒÖȢ0ÏÐȢz!0ÄȾρπππ 

 

 

Where: 

¶ BOD5: BOD5 gram per person per day default values based on the selected country (see Table 3-3) 

¶ Serv. Pop.: the number of service population for wastewater (see Fig 4-3) 

¶ 1000: conversion of g to kg 

¶ AP: assessment period (days) 

 

%ÆÌÕÅÎÔ "/$υËÇ πȢρz  )ÎÆÌÕÅÎÔ "/$υËÇ 

 

 

Where: 

¶ BOD5 Influent: BOD5 (kg) calculated  

¶ 0.1: 10% of the influent BOD is assumed to be in the effluent   

 

3ÌÕÄÇÅ ËÇ )ÎÆÌÕÅÎÔ "/$υËÇz Ϸ ÏÆ ÓÌÕÄÇÅ ÐÒÏÄÕÃÅÄ 

 

 

Where: 

¶ BOD5 Influent: BOD5 (kg) calculated  

¶ % of sludge produced: it depends on the type of treatment (Table 3-5) 
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Table 3-5 Percent of sludge produced and methane emission factor for wastewater treatment technologies  

Main treatment type Percent  CH4 emission factor 

Activated sludge ς well managed 65 0 

Activated sludge ς minor poorly aerated zone 65 0.06 

Activated sludge ς some aerated zone 65 0.12 

Activated sludge ς not well managed 65 0.18 

Aerated lagoon 65 0.06 

Anaerobic lagoon <2m depth 30 0.12 

Anaerobic lagoon >2m depth 10 0.48 

Anaerobic lagoon covered 10 0 

Trickling filter 65 0.036 

UASB ς CH4 recovery not considered 10 0.48 

UASB ς CH4 recovery considered 10 0.3 

Wetlands ς surface flow 30 0.24 

Wetlands ς horizontal subsurface flow 65 0.06 

Wetlands ς vertical subsurface flow 65 0.006 

Methane emission factor 

 

Sludge management ς  

Sludge total weight (kg): section 3.4.5.   

Dry weight in sludge produced (kg):  the dry solid content is assumed to be 4% 

 

 

 

-ÅÔÈÁÎÅ ÅÍÉÓÓÉÏÎ ÆÁÃÔÏÒ ËÇ #(τȾÇ"/$ÂÁÓÅÄ ÏÎ ÔÙÐÅ ÏÆ ÔÒÅÁÔÍÅÎÔ ÔÙÐÅ ÁÓ ÓÈÏ×Î ÉÎ 4ÁÂÌÅ σȢυ 

 

 

3ÌÕÄÇÅ ÄÒÙ ×ÅÉÇÈÔ ËÇ 3ÌÕÄÇÅ ×ÅÉÇÈÔ ËÇz πȢπτ 

 

 

Where: 

¶ 0.04: the dry solid content is assumed to be 4%  
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3.8. Uncertainty Analysis  

ECAM aims to provide an accurate picture of the emissions of a utility. However, users should be 

aware that results are impacted by the quality of input data and uncertainties that are inherent to 

the calculation methods and default factors applied. This section provides further information about 

typical uncertainties that may affect the outcomes of the energy and carbon emissions assessments.  

 

Fossil fuels 

Emission factors uncertainty: The carbon content of fossil fuels is used to determine the emission 

factors from these sources and it has a physical constraint on the magnitude of uncertainty, as a 

consequence the uncertainties for CO2 emissions from fossil fuels combustion is relatively low. There 

may be differences in the uncertainties based on the type of the fuel. On the other hand, emission 

factors for CH4 and particularly N2O are highly uncertain. This could be attributed to lack of 

appropriate measurements and subsequent generalization, uncertainty in measurements, or limited 

knowledge about the emission generating process. As uncertainties are rarely known, they are 

usually obtained from indirect sources or by means of expert judgements (IPCC, 2006) 

Activity data uncertainty: Generally the uncertainty in activity data is the result of systematic and 

random errors. The uncertainty resulting from the two errors combined could be up to ± 10percent 

for countries with less well-developed energy data system (IPCC, 2006).  

Emissions from the road transportation, such as the emissions from sludge transport, roughly 

consists of 97 percent CO2, 2 to 3 percent N2O and the rest to be CH4. As a consequence, the effect of 

higher uncertainty related with N2O and Ch4 are dominated by the large CO2 part. For more detailed 

explanations including uncertainties related with emission factor and activity uncertainty, the reader 

is referred to IPCC chapter 3. 

Wastewater 

The range for the default uncertainty for methane emission factors and activity data of domestic 

wastewater is presented in Table 3-6 and the following parameter is very uncertain (IPCC, 2006): 

¶ The extent to which wastewater treated in  latrines, septic tanks or removed by sewer 
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Table 3-6 Default uncertainty ranges for domestic wastewater (adopted from IPCC, 2006) 

Parameter  Uncertainty Range 

Emission Factor  

Maximum CH4 producing 
capacity (Bo) 

± 30% 

Fraction treated anaerobically 
(MCF)  

The MCF is technology dependent. See Table 6.3. Thus the 
uncertainty range is also technology dependent. The 
uncertainty range should be determined by expert 
judgement, bearing in mind that MCF is a fraction and 
must be between 0 and 1. Suggested ranges are provided 
below. 
Untreated systems and latrines, ± 50% 
Lagoons, poorly managed treatment plants± 30% 
Centralized well managed plant, digester, reactor, ± 10% 

Activity Data 
 

 

Human population (P) ± 5% 

BOD per person ± 30% 

Fraction of population income 
group (U) 

Good data on urbanization are available, however, the 
distinction between urban high income and urban low 
income may have to be based on expert judgment. ± 15% 

Degree of utilization of 
treatment/discharge pathway 
or system for each income 
group (Ti,j) 

Can be as low as ± 3% for countries that have good 
records and only one or two systems. Can be ± 50% for an 
individual method/pathway. 
Verify that total Ti,j = 100% 

Correction factor for additional 
industrial BOD discharged into 
sewers (I)  

For uncollected, the uncertainty is zero %. For collected 
the uncertainty is ± 20%  

According to the IPCC (2006) there is a large uncertainty related with the default emission factors for 

N2O from effluent. The range of uncertainty for N2O emission factors that is based on expert 

judgement is presented in Table 3-7. 
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Table 3-7 Default uncertainty ranges for domestic wastewater (adopted from IPCC, 2006) 

Parameter  Definition Default value Range 

Emission Factor   

EFEFFLUENT Emission factor, (kg N2O-N/kg ςN) 0.005 0.0005-
0.25 

EFPLANT Emission factor, (g N2O/person/year)  3.2 2-8 

Activity Data 
 

  

P Number of people in country  Country-specific ± 10 % 

Protein Annual per capita protein consumption  Country-specific ± 10 % 

FNRP Fraction of nitrogen in protein (kg N/kg 
protein) 

0.16 0.15-
0.17 

TPLANT Degree of utilization of large WWT plants  Country-specific ± 20 % 

FNON-CON Factor to adjust for non-consumed 
protein  

1.1 for countries with no 
garbage disposals, 1.4 for 
countries with garbage 
disposals 

1.0-1.5 

FIND-CON Factor to allow for co-discharge of 
industrial nitrogen into sewers. For 
countries with significant fish processing 
plants, this factor may be higher. 
Expert judgment is recommended. 

1.25 1.0-1.5 
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4 Guidance scenarios 

In this part of the guide explanations are given for some key-inputs required in ECAM tool. This 

chapter also provides suggestions on how to use ECAM for various system lay-outs and for specific 

scenarios. 

4.1. Population  

In ECAM tool, the type of population data required to assess utilities could be generally classified in 

two: population number used for assessing GHG emissions and energy performance related with 

water supply and population related to wastewater.  

Under each condition the type of population data required could be categorized as follows: 

4.1.1. Water supply 

Resident population: Number of permanent residents within the drinking water utility area of service, 

regardless of whether they are served or not by the utility.   

Serviced population: Serviced population is referred to the number of inhabitants, within the area of 

service managed by the utility, which are connected to the distribution system and are receiving the 

service as of the reference date. 

4.1.2. Wastewater   

Resident population: Number of permanent residents within the geographical area that the 

wastewater utility can serve, regardless of whether they are serviced or not by the utility with 

wastewater treatment.   

Population connected to sewers: Number of permanent residents within the wastewater utility 

service area, which are connected to the sewer system as of the reference date. 

Serviced population: Serviced population refers to the number of permanent residents within the 

wastewater utility service area, whose wastewater is receiving treatment in a central wastewater 

treatment plant. 
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Population with onsite treatment:  refers to the number of permanent residents within the 

wastewater utility service area that are not connected to sewers and have onsite treatment of their 

wastewater as opposed to treatment at a central wastewater treatment plant.    

 

  

 

Figure 4-1 population classification for wastewater 

The following decision trees illustrate the approach that should be followed in entering population 

data in ECAM.   
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Figure 4-2 Decision tree Serviced population in water supply 
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Figure 4-3 Decision tree for Serviced population in wastewater treatment 

4.2. Wet weather and dry weather flow  

Dry weather flow is the average daily influent flow to a wastewater treatment plant during a dry 

period/non-rainy season. The wet weather flow is the average daily influent flow during wet-weather 

days, days in which there was rain.  

Infiltrations and inflow in the wastewater system- Significant energy consumption may be caused by 

water entering the drainage networks due to cross connections with the storm water systems or to 

rainwater or groundwater infiltration.  In ECAM, by looking at dry weather and wet weather flows, 

rain-derived infiltration and inflow (I/I) can easily be estimated and used to see GHG benefits of 

reducing this I/I.  



 

ECAM Methodology ©WaCCliM     56 
 
 
 

 

4.3. Soil typology for sludge application  

N2O emissions are possible when nitrogen fertilizers, including biosolids, are applied to soils. 

Emissions are likely greater when biosolids are applied to fine-textured soils and when solids are 

wetter (< 55% solids). N2O emissions are also possible during storage.  

N2O are increased when available (mineral) nitrogen (N) is in a low oxygen (O) or anaerobic matrix. 

Fine-textured soils and moisture promote these conditions. For this reason, the BEAM outputs a 

higher level of N2O emissions if the soil is > 30% clay (fine-textured). (Environmental, S., 2009; BEAM 

tool) 

In case of uncertainty about the class of soil, whether it is fine or coarse texture, the user is 

recommended to take a conservative approach and select fine-textured soil until such a time the soil 

type can be confirmed.  This will prevent an underestimation of GHG emissions.   

4.4. Water reuse   

In ECAM, water reuse is considered as follows: 

In the wastewater discharge / reuse stage, the amount of wastewater that is reused is entered.   This 

does not distinguish between uses, but quantifies the amount of GHG avoided by not discharging the 

treated effluent to a receiving water body.  However, the impact of various types of reuse is tracked 

in the tool throughout each stage of the urban water cycle, by the kWh/m3 PI for each stage.  This 

allows the impact of various types of reuse to be assessed.  For example, if the utility is considering 

to reuse wastewater to replace potable water use for non-potable purposes (i.e. using drinking water 

to irrigate), the impact of this can be quantified in the Opportunities Page based upon the kWh/m3 in 

the water supply abstraction/treatment/distribution stages, plus the N2O emissions from effluent 

discharge in the Wastewater Discharge/Reuse stage.       



 

ECAM Methodology ©WaCCliM     45 
 
 
 

 

4.5. Multiple wastewater treatment processes 

4.5.1. Two or more treatment processes in series 

 

 Figure 4-4 Two separate treatment processes in series 

If the utility has two or more wastewater treatment technologies in series, as presented in Figure 

4.4., the following considerations has to be taken in to account while using ECAM. Each treatment 

technology has to be assessed independently and the GHG emission and energy consumption has to 

be calculated independently and the two results summation gives the total for the utility. The 

following inputs need caution while filling out.   

ü BOD: the BOD for the first treatment in the line is the same as the inflow, but the influent 

BOD load to the next treatment technology must be the effluent BOD load of the preceding 

treatment, as long as the inflow to the system is only from the outflow of the preceding 

technology. 

For example, in Fig. 4.4, the BOD inflow load to lagoon is the same as the effluent of AS. 

ü Nitrous oxide from treatment: the calculation used in ECAM tool considers nitrous oxide 

emission based on serviced population for all advanced treatment technologies. So, the 

nitrous oxide emission from treatment system in series should be calculated only once based 

on serviced population.  

ü Storage time for sludge: If there is sludge from the treatment systems in series, the time 

sludge is stored before further treatment or transporting to disposal, should not be added.  
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For example, in Fig. 4-4, the sludge from AS is different form the sludge form lagoon in many 

ways. So sludge management assessment has to be done independently for each case. 

ü Number of trips to sludge disposal site/ Distance to sludge disposal site: if the sludge is 

transported to the same site from the same source location, the number of trips/distance to 

disposal site can be summed and it could be addressed as a single system. But, if the sludge 

from one technology, for example AS is transported to location 1 and the sludge from the 

next treatment, in this example lagoon, is transported to location 2, do not sum-up the 

trips/distance to get the total number of trips/total distance covered, but assess each 

independently and the GHG emissions can be added to get the overall condition of the utility. 

ü Sludge type disposed of: Even if assessing both digested and undigested sludge is possible 

with ECAM, the tool does not compute both at the same time. So, if there is a sludge part 

that is taken in to digester before disposal and there is another part that is disposed without 

digestion, each of this needs to be assessed independently. 
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4.5.2. Two or more treatments in parallel or different locations 

 

 Figure 4-5 Two separate treatment processes/facilities in parallel 

If the utility has two or more wastewater treatment plants that receive independent inflows or 

located at different locations, the assessment must be done totally separately. If there is a need to 

assess the overall performance indicators for the whole utility, care must be taken and the results 

should not be directly summed.  

Inputs 

ü BOD: the influent BOD for treatment technologies/plants in parallel or located in different 

locations is the same as the inflow to their respective location/part.  

For example, in Fig. 4.5, the BOD for AS inflow is different from the inflow to the UASB.   



 

ECAM Methodology ©WaCCliM     48 
 
 
 

 

In case if there are more treatment technologies in series at two different locations or 

parallel systems, as shown in Fig. 4.5, the series parts for each location need to be 

considered as presented in section 4.5.1 and then the parallel systems can be computed.  

ü Nitrous oxide from treatment: the calculation used in ECAM tool considers nitrous oxide 

emission based on serviced population for all advanced treatment technologies. So, the 

nitrous oxide emission from treatment system in parallel or located in different locations has 

to be calculated separately for each based on their respective serviced population number.  

ü Storage time for sludge: for sludge from the treatment systems in parallel, the time sludge is 

stored before further treatment or transporting to disposal, should not be added.  

ü Number of trips to sludge disposal site/ Distance to sludge disposal site: if the sludge is 

transported to the same site from the same source location, the number of trips/distance to 

disposal site can be summed and it could be addressed as a single system. But, if the sludge 

from one location is transported to location 1 and the sludge from the other facility is 

transported to location 2, do not sum-up the trips/distance to get the total number of 

trips/total distance covered, but assess each independently and the total GHG emissions can 

be added to get the overall condition of the utility. 

ü Sludge type disposed of: Even if assessing both digested and undigested sludge is possible 

with ECAM, the tool does not compute both at the same time. So, if there is a sludge part 

that is taken in to digester before disposal and there is another part that is disposed without 

digestion, each of this needs to be assessed independently using two different ECAM files. 

ü Fluidized bed furnace temperature: if there are two or more incinerators each has to be 

assessed independently. Do not sum the temperature. To get the total GHG from 

incineration, add the results for each incinerator. 
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