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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 

(ECAM v2.2) 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 gases 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 GHG emissions avoided from nutrient recovery and water reuse; 

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.  

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. 

http://wacclim.org/ecam/help.php
mailto:info@wacclim.org
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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 drinking 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 wanting to 

quantify their GHG emissions and contribute 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 water 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  

¶ Energy performance assessment 

¶ Identifying of opportunities for reducing CO2 emissions and reducing energy consumption 

¶ Developing scenarios when investigating possible measures to improve performance  

¶ Monitoring the results after the implementation of improvement measures  
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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 

assessment using detailed data to gain a more accurate and refined picture of a ǳǘƛƭƛǘȅΩǎ DID 

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

(drinking water abstraction, treatment and distribution. Wastewater collection, treatment and 

discharge/reuse) as well as their individual facilities (pump stations, treatment plants, network 

divisions) can also be characterized. ECAM considers as well faecal sludge management in one of its 

components. 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 ǇǊomising stages.  
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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 are 

the target group. In addition, anyone interested in urban water cycle, particularly the energy 

consumption and greenhouse gas (GHG) emissions 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 basic function of the ECAM tool is to assist water utilities in assessing GHG emissions, energy 

performance and identifying opportunities for further improvements by using their own existing 

data as a source of valuable information.  

ECAM offers water utilities the following:  

¶ A tool for GHG reduction 

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

¶ A tool to reduce operational costs 

¶ A tool to strengthen performance monitoring and decision making 

¶ 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:  

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

to the NDCs 

¶ Requires only data typically available in utilities in developing and emerging economies 

¶ 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 and using different tools. 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 2-1). 

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 Roadmap to a low-carbon urban water utility. 

 

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, wastewater and faecal 

sludge management processes (water abstraction, water treatment, water distribution, wastewater 

collection, wastewater treatment, wastewater discharge/reuse, faecal sludge containment, 

treatment and reuse/disposal). Figure 2-2 shows the utility activities considered in ECAM Tool, inside 

and outside of their physical boundaries (dashed lines). 

http://climatesmartwater.org/wp-content/uploads/2018/09/Roadmap-to-a-Low-Carbon-Urban-Water-Utility-2018.pdf
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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 

drinking water, wastewater and faecal sludge system allowing users to make straightforward 

assessments 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, wastewater and faecal sludge systems. With this advanced 

assessment, users can evaluate Energy Performance to identify potential energy savings for the 6 

stages of the water cycle (Abstraction, Treatment, Distribution and Collection, Treatment, 

Discharge/Reuse) and their individual facilities (pump stations, plants, network divisions). 

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

ƘƛƎƘƭƛƎƘǘŜŘΣ ŀƴŘ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ Ŏŀƴ ǇǊƛƻǊƛǘƛȊŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ ǳǘƛƭƛǘƛŜǎΩ Ƴƻǎǘ ǇǊƻƳƛǎƛƴƎ ǎǘŀƎŜǎΦ  
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2.3.1 The GHG Assessment 
Three categories of GHG emissions are included in ECAM. Direct emissions that are not associated 

with grid-energy usage (Scope 1), indirect emission associated with grid electricity usage (Scope 2), 

and other indirect emissions (non-grid energy) as per the Intergovernmental Panel on Climate 

Change (IPCC) definitions have been added in Scope 3 (see Table 2-1). The άnon-grid ŜƴŜǊƎȅέ related 

GHG emissions are associated with activities 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 drinking water and wastewater system 

 

 

 

 
 

 
Water 
abstraction 

Water 
treatment 

Water 
distribution 

Wastewater 
collection 

Wastewater 
treatment 

Wastewater 
discharge 

Faecal 
Sludge 
Containment  

Faecal 
Sludge 
Treatment  

Faecal 
Sludge 
Disposal 

Scope 1 ï Direct emissions 

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

¶  ¶  ¶  ¶  ¶  ¶     

CH4 from sewers or 
biological wastewater 
treatment 

   o  ¶      

CH4 from faecal 
sludge containment       ¶   

 

CH4 from faecal 
sludge treatment        

¶  
 

N2O from sewers or 
biological wastewater 
treatment  

   o  ¶   
¶  

  

CH4 and N2O from 
sludge digestion     ¶      

CH4 and N2O from 
faecal sludge 
treatment 

       
¶  

 

Scope 2 ï Indirect emissions 

Indirect emissions 
from electric use ¶  ¶  ¶  ¶  ¶  ¶  ¶  ¶  ¶  

Scope 3 ïOther indirect emissions 

CO2, CH4 and N2O 
emissions from truck 
transport of water 
(drinking water, 
wastewater, reused 
water) fossil fuel 
combustion 

  ¶  o   ¶        

Emissions from the 
manufacture/transport 
of chemicals 

 o    o    
o  

 

Emissions from the 
construction materials 
used 

o  o  o  o  o  o  o  o  o  

CH4  and N2O from 
faecal sludge 
Management 

        ¶  

CH4 and N2O from 
sludge management 

    ¶      

CH4 and N2O 
emissions from 
collected wastewater 
discharge without 
treatment 

   ¶       

CH4 and N2O 
emissions from not 
collected wastewater 
discharge without 
treatment 

   ¶       

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

    ¶     ¶  

N2O and CH4 
emissions from 
effluent discharge in 
receiving  waters 

     ¶    ¶  

o Emissions not quantified in 
the ECAM tool, even though 

they exist 

¶ Emissions quantified in the 
ECAM tool 
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The emissions are counted in terms of CO2 equivalents (CO2e). 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. In ECAM, users can choose which values for the GWP are 

applied by selecting the preferred IPCC report (Table 2-2). 

 

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 
feedbacks1 

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   

 

2.3.2 Tiered Approach  

 
Tier A ς Initial GHG Estimation  

In Tier A, the ECAM tool focuses on grid energy consumption for the drinking water, the wastewater 

and faecal sludge ǎȅǎǘŜƳǎ ŀƴŘ ŀǇǇǊƻȄƛƳŀǘŜ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ōƻǘƘ άŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎΣέ ŀƴŘ άƻǘƘŜǊ 

ƛƴŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎέ ƴƻǘ ǊŜƭŀǘŜŘ ǘƻ grid-energy consumption based upon reasonable assumptions and 

typical wastewater and faecal sludge treatment design conditions. A complete list of the estimations 

made at the Tier A level can be accessed directly from the Tier A screen in the tool or can be found 

here. The intent is that the user can quickly gain an estimate of the global emissions and identify 

where the biggest opportunities for GHG reduction exist, and what areas to focus on in terms of data 

collection and assessment. The output figures are pie charts and donuts representing respectively all 

GHG emissions and all electrical energy use in the water cycle. Colour coding is applied to distinguish 

GHG and energy related emissions from drinking water and wastewater systems.  

                                                             
1 Climate Carbon Feedback: Theoretical concept based on the assumption that the four major carbon sinks 
(atmosphere, biosphere, oceans and sediments) will reduce their capacity to uptake CO2 due to the ongoing 
climate change with direct effect on GWP of GHG emissions. 

http://wacclim.org/ecam/estimations.php
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Figure 2-3 Pie chart information obtained from Tier A assessment 
 

Tier B ς Detailed GHG assessment 

Tier B focuses on analysing system performance in depth with more accurate and more complete 

data inputs. Some of the inputs might be the same as in Tier A; however, in Tier B there is an 

opportunity to be more accurate by spending time collecting and verifying the data. Depending on 

the stage, it also includes data inputs related pumping performance, the use of topographic energy, 

water efficiency, sludge management, treatment type and performance, biogas production and many 

others as mentioned below. Along with the detailed analysis, the tool can assess energy performance 

& GHG emission at different stages and sub-stages of the urban water cycle. The data inputs in Tier B 

assessment include:  

 

ü Grid-energy consumption;  

ü Data related to non-grid energy GHG emissions of drinking water, wastewater system 

and faecal sludge:  

¶ Fuel used in engines (based on Diesel, Petrol or Natural Gas)  
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¶ From treated wastewater discharged to a water body (based on nitrogen load);  

¶ Wastewater treatment process (based on population, treatment type, BOD load and 

BOD removed) 

¶ Sludge treatment and transport and disposal (based on volume, sludge type, dry 

mass) 

¶ Biogas valorization (based on composition, volume)  

¶ Type of faecal sludge containment   

¶ Flood conditions of the faecal sludge containment 

¶ Fraction of the sludge contain that is emptied  

¶ Characteristics of the Faecal Sludge (volume, BOD concentration and load) 

¶ Faecal Sludge treatment process  

¶ Type of disposal/reuse  

¶ Biogas valorisation from faecal sludge (based on composition, volume)  

 

Tier B ς Advanced assessment: Sub-stages  

This assessment level focuses on stage specific GHG emissions and energy performance for the three 

parts of the water cycle i.e. drinking water, wastewater and faecal sludge, as opposed to the global 

drinking water, wastewater and faecal sludge emissions obtained from Tier A. 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 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 can be split into the sub-stages, for 

benchmarking selected facilities. 
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Figure 2-4 Pie chart information obtained 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, three categories of GHG emissions are included in ECAM. GHG emissions 

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

grid-energy use: άǎcope 1έ όŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎύ ŀƴŘ άǎŎƻǇŜ оέ όƻǘƘŜǊ ƛƴŘƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎύΦ 9/!a ǿŀǎ 

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

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

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

with knowledge from recent scientific studies for specific aspects e.g. sludge storage.  

3.2 Direct GHG Emissions (Scope 1) 

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 performance of the system 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 used 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 



 

ECAM Methodology ©WaCCliM  14 

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.  

 

CH4 emissions from biological wastewater treatment:  

The principal factor in determining the CH4 generation potential of wastewater is the amount of 

degradable organic material in the wastewater. A wide range of fermentative bacteria break down 

large organic molecules to smaller ones such as fatty acids and alcohols and a smaller range of more 

specialised organisms convert these low molecular weight compounds into methane and carbon 

dioxide. CH4 emissions from wastewater treatment can make up a significant portion of the WWTP 

carbon footprint (Daelman et al., 2013), and in cases such as anaerobic lagoon (>2m) it can be even 

much greater 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  

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

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

Methane gas escaping from digested sludge storage facilities (Daelman et al., 2012) anaerobic 

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

the sewers and dissolved methane. The methodology also does not include the emission from the 

biogas flaring as these are not significant. The CO2 emissions are of biogenic origin, and the CH4 and 

N2O emissions are very small and are not included in the estimation. Therefore, with exception of the 

sewer and dissolved methane, the following emission types are included in ECAM from: 

ü CH4 from wastewater treatment 

ü CH4 from onsite fuel engines 
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ü CH4 from anaerobic digestion & flaring 

ü CH4 from direct discharge of untreated wastewater 

ü CH4 from truck sludge disposal transport  

ü CH4 emissions from sludge  

 

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. 

 

N2O emissions from biological wastewater treatment:  

The production of N2O is completely different from CH4 production. N2O can be produced from both 

anoxic and oxic conditions and depends on the population, whereas methane production depends on 

the operations and treatment technology. 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 actually been seen 

ǘƻ ƳŀƪŜ ǳǇ ту҈ ƻŦ ŀ ²²¢tΩǎ total GHG emissions (Daelman 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 & Grady, 2008) 
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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, 2015; Kampschreur et al., 2009; 

Porro et al., 2014). 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.  

 

CH4 emissions from faecal sludge management 

Direct methane emissions are produced by bacterial decomposition of organic matter in the absence 

of oxygen. Aerobic decomposition of the organics in wastewater requires more oxygen than can be 

supplied by surface diffusion. Therefore, without additional aeration, methanogenic processes will 

result in the production of methane. Anaerobic conditions may occur in many steps during faecal 

sludge management for example in pit latrines, septic tanks, anaerobic treatment and final disposal. 

Emission rate is controlled by temperature, moisture, available substrate, pH and other factors. 

While the focus of GHG assessment and mitigation opportunities in the water sector is on centralized 

treatment, it is becoming more and more evident that faecal sludge management is an important, 

though poorly quantified, source of methane emissions within the urban water cycle (e.g. Reid et al. 

2014; Leverenz, Tchobanoglous & Darby, 2010).  

 

The variation in the values can be explained by several factors such as temperature and loading 

rates. In addition, the presented values for the IPCC method do not consider sludge removal while 

(Leverenz, Tchobanoglous, & Darby, 2010) considered that sludge was removed from the septic tank 

while not calculating the emissions from the further treatment or disposal of the sludge.  
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The chemical and biological conditions of septic tanks are believed to be prevalent in conventional 

pit latrines (US EPA ,1999), which suggests that the CH4 emissions are also comparable. According to 

IPCC (2006) relevant for the methane emission rate is whether the ground water table is lower or 

higher than the latrine, if the climate is wet or dry and if flush water is used or not. This can be 

explained by the fact that generally the methanogenic activity requires high a moisture content (Lay, 

Li & Noike, 1997). While latrines without flushwater still generate CH4 emissions due to the mixing of 

liquid and solids, more fully aerobic systems like well-maintained composting toilets or toilets that 

separate liquid and solid waste can be assumed to have insignificant CH4 emissions (Reid et al., 

2014). Since the faecal sludge still has some methane production potential after emptying of septic 

tanks, latrines etc. (Afifah & Priadi, 2017; Rose, 2015), a further anaerobic treatment or disposal can 

still produce methane emission 

 

N2O emissions from faecal sludge management: 

Since nitrification (the oxidation of ammonia nitrogen to nitrate nitrogen) is prerequisite for the N2O 

emissions anaerobic systems like septic tanks or pit latrines are not significant sources of N2O 

emissions. US EPA (1999) discussed the possible N2O emissions from septic tanks, pit latrines and 

open sewers and concluded that these systems are not likely to produce any significant direct N2O 

emissions to the air. The final disposal of biosolids in the environment is however a well 

acknowledged source of N2O emissions (e.g. SYLVIS ,2009; IPCC ,2006). Measurements by Leverenz 

and Tchobanoglous & Darby (2010) have confirmed this and showed that N2O were not a significant 

source of emissions from septic tanks but they were the main source of emissions from the soil 

dispersion system following the septic tank.  

Source separated urine as it occurs for example in urine diverting toilets contains very high 

concentrations of nitrogen, nitrous oxide emissions are however very limited. After collection urea 

hydrolyses to ammonia and ammonium ions which is accompanies by an increase of pH increases to 

about 9, as a result bacterial activity is inhibited and a further decomposition of urine is prevented. 

Spångberg, Tidåker and Jönsson (2014) developed a model based on IPCC (2006) that quantifies 

direct N2O emissions from urine spreading as 1% (N2O-N) of total nitrogen added to soil. In addition, 

the model assumes that 1% of the ammonia-nitrogen emitted during urine collection / storage and 

land application cases indirect N2O emissions and uses reported values for 4% ammonia emissions 

from collection / storage of urine and 5% ammonia emissions from land application of urine. 
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3.2.1 Methodology for Direct GHG Emissions Assessment  
The 2006 IPCC Guidelines for National Greenhouse Gas Inventories have been used as the 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 other methodologies used, such as the BEAM methodology (SYLVIS 

Environmental, 2009), for sludge management have been provided.  

There are components of the equations that are taken from other literature sources, in such cases, 

the respective references are provided. When actual data from the utility are not available default, 

values are set in order to calculate the GHG emissions. If in the assessment process real data are 

available, the use can change the default values and, in this way, increment the accuracy of the 

evaluation 

 

3.2.1.1 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 is calculated, based on the expression (IPCC, 

2006): 

 

%ÎÅÒÇÙ &ÕÅÌ #ÏÎÓ !ÓÓÕÍÅÄ ÄÉÅÓÅÌ4* 6ÏÌÕÍÅ ÏÆ &ÕÅÌ ÃÏÎÓÕÍÅÄ&zÕÅÌ ÄÅÎÓÉÔÙᶻ
.#6

ρȟπππȟπππ
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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 (2) 

(Volume 2: Energy; Equation 2.1; IPCC, 2006,):  

 

 

 

Table 3-1 Fuel Properties (IPCC, 2006) 

 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/m3] 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 #/Å %ÎÅÒÇÙ ÆÕÅÌ ÃÏÎÓÕÍÅÄᶻ%&#/%&./ #z.#

%&#(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)  

 



 

ECAM Methodology ©WaCCliM  20 

3.2.1.2 Methane from Treatment Process  

Methane emissions are calculated in the ECAM v2.2 tool for the following processes within the 

boundary of the wastewater treatment plant: 

ü Methane emissions from wastewater treatment and faecal sludge treatment (Tiers A and B) 

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

ü Methane emissions from the anaerobic digestion of sludge and faecal sludge (Tiers A and B) 

ü Methane emissions from faecal sludge management ς Containment 

 

Methane emissions from wastewater and faecal sludge 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 and the treatment technology.  

At Detailed GHG Assessment, the following data is required: 

ü  Actual Influent and Effluent BOD5 loads.  

ü  Actual BOD5 mass removed as sludge  

ü Type of treatment 

The Computation 

Methane (CO2e) emitted in wastewater treatment plants or faecal sludge treatment is [kgCO2e] 

(IPCC, 2006):  

 

Wastewater treatment and faecal sludge methane emission factor [CMC kgCH4/kgBOD5] is calculated 

using the IPCC Guidelines for National Greenhouse Gas Inventories (2006, Equation 6.2). The 

wastewater treatment methane emission correction factor (MCF) per IPCC (2006) is provided in the 

Table 3-2. In the ECAM tool, EF value is used depending on the wastewater treatment technique. The 

user can also substitute specific EF values during substages of the treatment step by clicking on the 

EF value and then adding additional stages.  

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

%&7740#( ὅzὓὅ  
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Table 3-2 Example: Methane Correction Factors (MCF) & Emission factors (EF) for some types of treatment technique 
using default value of 0.6 for B0 (IPCC, 2006) 

Type of Treatment MCF EF  

centralized aerobic treatment plant (well managed)  0 0 

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

0.1 .06 

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

0.2 .12 

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

0.3 .18 

 

Since the faecal sludge is co-treated with wastewater or separately by similar technologies, the same 

EF can be used for faecal sludge treatment. 

 

Effluent BOD5 load: 10 % of influent BOD assuming that this amount is remaining in the effluent 

 

BOD5 mass removed as sludge [kg]: 

 

 

 

 

%&7740#( "ͅÏ Ø -#& 

Where: 

¶ Bo = maximum methane production capacity (kg CH4/kg BOD5) as per IPCC (2006) (This is a 

country specific value, If country-specific data are not available, a default value of 0.6 is used) 

¶ MCF: Tabled values (Table 3-2)  

"/$ÍÁÓÓ ÒÅÍÏÖÅÄ ÁÓ ÓÌÕÄÇÅ ËÇ ὍὲὪὰόὩὲὸ ὄὕὈὰέὥὨ ὸὶὩὥὸάὩὲὸὯὫz Ϸ "/$ ÓÌÕÄÇÅ/100 

Where: 

¶ % BOD sludge: the fraction of influent BOD removed with sludge (value from  

 

 

¶ Table 3-3) 
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Table 3-3 Percent BOD removed with sludge for different treatment types (IPCC, 2006) 

Main treatment technology CH4 Emission factor 
(containment)                   
(kgCH4/kgBOD5) 

% BOD sludge 

No Treatment 0 0 

Anaerobic Digester 0.48 10 

Imhoff Tanks 0.48 10 

Anaerobic Reactors ς CH4 recovery not considered 0.48 10 

Anaerobic Reactors ς CH4 recovery considered 0 10 

Stabilization Ponds (<2 m depth) 0.12 30 

Stabilization Ponds (> 2m depth) 0.48 10 

Sludge Drying Beds 0 0 

Wetlands ς surface flow 0.24 30 

Wetlands ς Horizontal subsurface flow 0.06 65 

Wetlands ς Vertical subsurface flow 0.006 65 

Composting 0.0013 0 

Activated Sludge (well managed) 0 65 

Activated Sludge ς minor poorly aerated zones 0.06 65 

Activated Sludge - Some aerated zones 0.12 65 

Activated Sludge ς Not well managed 0.18 65 

Trickling Filter 0.036 65 

 

3.2.1.3 Methane Emissions from Anaerobic Digestion of Sludge and Faecal Sludge  

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 highly discouraged, 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 

typical flaring operations. If biogas is fully valorised, the tool assumes that no methane emissions are 

released to the atmosphere. 
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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  

ü Default BOD5 loads specific per country. 

ü Annual protein consumption per capita specific per country.  

ü Treatment Technology 

Along with this, the user can also select the GWP of carbon dioxide, methane and nitrous oxide 

according to different IPCC guidelines. 

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

ü The actual volume of biogas produced by the digester or the type of treatment 

ü The actual volume of biogas flared 

ü The actual volume of biogas valorised 

ü Actual influent and effluent BOD5 loads 

ü % of methane in biogas 

 

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 several assumptions (see Tier A estimations list), and is carried through 

unless actual biogas production data is entered in Tier B.  

http://wacclim.org/ecam/estimations.php
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Biogas produced (estimated at Tier A) versus actual values at detailed assessment):

 

 

aŜǘƘŀƴŜ ǊŜƭŜŀǎŜŘ όƛŦ ǘƘŜ ǳǎŜǊ Ƙŀǎ ŀƴǎǿŜǊŜŘ ¸9{ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ ά!ǊŜ ȅƻǳ ǇǊƻŘǳŎƛƴƎ .ƛƻƎŀǎΚέ and NO 

to the question ά!ǊŜ ȅƻǳ ǾŀƭƻǊƛǎƛƴƎ ōƛƻƎŀǎΚέύΥ 

 

 

 

"ÉÏÇÁÓ ÐÒÏÄÕÃÅÄ .Í ÓÅÒÖÉÃÅÄ ÐÏÐÕÌÁÔÉÏÎ ÉÎ ÓÅ×ÅÒ ÁÎÄ 7740 ÐÅÒÓz

ÃÏÕÎÔÒÙ ÓÐÅÃÉÆÉÃ ÁÖÅÒÁÇÅ "/$ ÌÏÁÄ ÇȾÐÅÒÓȾÄÁÙz πȢψÇ 63ȾÇ  "/$  ÌÏÁÄzπȢτ. ,ȾÇ 63Ⱦρπππz

!Ð ÄÁÙÓ  

"ÉÏÇÁÓ ÐÒÏÄÕÃÅÄ &ÁÅÃÁÌ 3ÌÕÄÇÅ .Í  ÐÏÐÕÌÁÔÉÏÎ /33ÐÅÒÓz

ÃÏÕÎÔÒÙ ÓÐÅÃÉÆÉÃ ÁÖÅÒÁÇÅ "/$ ÌÏÁÄ ÇȾÐÅÒÓȾÄÁÙz πȢψÇ 63ȾÇ  "/$ ÌÏÁÄzπȢτ. ,ȾÇ 63Ⱦρπππz

!Ð ÄÁÙÓ  

 

 

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 & Kroiss, 2011) 

¶  1000: Unit conversion factor  

¶ OSS: population with onsite treatment 

¶ 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/Nm3 

¶ Ap: Assessment period in days 

 

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

Where: 

¶ 0.59: based on % CH4 in Biogas  

¶ 0.66: kg CH4/Nm3 

¶ 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 
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Under Tier B: Detailed Assessment: 

Biogas flared [Nm3] 

Methane released:

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

Methane (CO2e) emitted in wastewater treatment plants and faecal sludge treatment [kgCO2e] (IPCC, 

2006): 

 

 

3.2.1.4  Methane Emissions from Faecal Sludge Management ς Containment 

The Input Data 

At Initial assessment (Tier A) level the following data are required about the containment 

ü Percentage of containment emptied 

ü Is the containment experiencing flooding or groundwater infiltration?  

ü Containment type 

"ÉÏÇÁÓ ÆÌÁÒÅÄ ÉÎÐÕÔ 

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

%&7740#( πȢφ Ø -#& 

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

%&7740#( #z-#  

Where: 

¶ 0.02: 2% of methane losses 

¶ 0.59: 59% CH4 in Biogas 

¶ 0.66: kg CH4/Nm3 

¶ 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)  

 


























































































































































































































