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1 Introduction

About this manual

This document provides a detailed explanation on the theoretical background of the second version
ofthewebo &SR a9y SNHE& LIS NIFY2ANDYA Ay20/Sa |yaRa S8 aNbSyyui | YR a2
(ECAM/2.2) 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 mani heers 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 witolthed what the
overall tiered approach entails. In chapteraBcomprehensive 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 BCéan be applied to reflect different scenarios.
Topics that are described in detail include:

U Population data required to use the tool;

U Emission factors used to calculate emissions from energy consumption;

U Direct and indirect GHG emission sources fothaee and nitrous oxide;

U Sludge management options;

U GHG emissions avoided from nutrient recovery and water reuse

U Performance indicators with reference values and implications;

U Guidance on population types

U Annex containing all the inputs and outputétbe ECAM tool with their respective code,

description, unit, and whenever applicaldguations and benchmark values and
U References and links to source materials

Note that this methodology document may be used in conjunction withBG&M user manual

which describes the different functionalities and features of the tool. It can be downloaded from the
GKSE L) LI IS Ay GKS 9/l a (z22¢

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

ECAM Methodology\WaCCliM 1
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About ECAM

Background
ECAMsa webbased free and opesourcedecision support toalhat ispart of the knowledge

platform developedby theWater and Wastewater Companies for Climate MitigafdgraCCliM)
Project. WaCCliMs guidingdrinkingwater and wastewater utilities oa journey to energy and
carbon neutrality Limiting climate change to 1.5°C requires substangidlictions in greenhouse gas
(GHG) emissions in all sectors.
The urban water sector has unde¥cognized opportunities toeduce carbon emissions that will
contribute to the successfiplementation ofthe Paris Agreement through increasiting
Nationally Determined Contributions (NDCs) of supportiogntries. The Energy Performance and
Carbon Emissions Assessmantl Monitoring (ECAM) Tool, offers a solution for utilitiemnting to
quantify their GH@missions and contrilie to NDCghrough reducing indirect and direct emissions
from energyuse and wastewater management.
Objective
ECAM tool assistvater 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 reduntigater 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 watercycle andorepares utilities for future reporting needs on climate mitigation. By
combining carbon and energy assessments, ECAM takes into account that reducing operational costs
is amain driver for utilities. It can be used for:

1 GHG emissions assessment

Energy performace assessment

1

1 Identifying of opportunities for reducing G@missions and reducing energy consumption
1 Developing scenarioshen investigating possible measures to improve performance

1

Monitoring the results after the implementation of improvement measures

ECAM Methodology 2
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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) provita® aadvanced level of GHG
assessment using detailed data to gain a more accurate and refined pictadzofA t A 1 @ Q&4 DI D
emissions and energy performance, as data is entered for each stage of the urban water cycle
(drinking water abstraction,treatmentand distribution. Wastewatercollection,treatment and
dischargéreuse) as well asheir individual facilities (pump stationggatment plants, network

divisions) camlsobe characterizedeCAM 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 popudattbnatural
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 eggrsavings 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 interlinketiatral t

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

Oy LINAR2NRGAT S AYLINE g8nWshysiages Ay GKS dziAfAdGASaQ Y2

ECAM Methodology 3
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2 Scope of Application

2.1 TargetGroup

Water utility managers antechnicians, consultants, climate changefessionalsacademicsand
policy makersvho are interested in understanding the conceptual backgroofhthe ECAM toohre
the target group In addition,anyoneinterested in urban water cycle, particularly the energy
consumption and greenhouse gas (GHG) emisgiom urban watercycle and how this could be

tackled to improvehe systemowardssustainabilityand efficiency could benefit from this guide.

2.2 Basic Functions

Thebasic functiorof the ECAM tool is to assisater utilities in assessing GHG emissions, energy
performance and identifying opportunities for further improvementsusyng their owrexisting
dataasa source of valuable information
ECAM offers water utilities the following:
91 A tool for GHG reduction
I Atool to assess carbon footprint, energy consumption and service levels
1 Atool to reduce operational costs
1 Atool to strengthen performance monitorirejd decision making
1 Atool to develop scenarios on the future impact of GHG reduction measures
1 Atool to calculate emissions within the water sector visamsparent and sound approach
whichquantifies GHG reductions, a prerequisite for accessing @ifireancing
What ECAM offers the water sector:
T 1 (22t FT2NI Y2YAG2NAYy3IsS NBLRNIAY 33 confibutiod S NA F & A
to the NDCs
1 Requires only data typically available in utilities in developing and emerging economies
1 The same methdology can be applied to utilities nationwide, facilitating national

benchmarkingand knowledge exchange between utilities

ECAM Methodology 4
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2.3 SystemBoundariesand Holistic Approach

Typicallyjn the water sector, emissions are assessed separatelyusing different toolsThe 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 ¢fgese?2-1).

The aim is to maintain the overview on the entire urban water cycle in the analysis, to convey the
notion that subsystems are interelated. Fora detailed overview of GHG sourciesthe urban

water cycle and the interrelations between urban water stages and their GHG implications, please

go to theRoadmap to a lovearbonurbanwater utility.

Treatment

— Treated water
i

End User
Collection —_— Recycled water
.

ety Wastewater

Figure2-1 Stagesof the Urban Water CycleECAM promotes a holistic approach for the whole urban water cycle

Theapplied framework of the urban water cydlecludes the water supplyastewaterand faecal
sludgemanagement processes (water abstraction, water treatment, water distribution, wastewater
collection, wastewater treatmentyvastewater dischargeeuse, faecalsludge containment,

treatment and reuse/disposalFigure2-2 shows the utilityactivitiesconsideredn ECAM Toglnside

and outside of their physal boundaries (dashed lines).

ECAM Methodology “WaCClimM 5
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Source: Surface,

Reuse Water

q‘ Ground, Rain or j

A . = ﬂn
(
=
-

B Sludge «—
Management

Users: Domestic,
Industrial,
Commercial, ete.

Aﬂn

. Water Supply
. Wastewater

. Faecal Sludge

Figure2-2 System boundary

Navigatng the Urban Water Cycle stages

In ECAMHe user experience starts with Tier lAitial GHG assessment, which includes the whole
drinkingwater, wastewater and faecal sludggstemallowing useréo make straightforward

assessmerstwith backof-the-envelope calculations. The experience continues with TigDBtailed

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

emissions of the drinking watewastewaterand faecal sludgsystems With this advanced

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

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

DischargéReusg and their individual facilities (pungiations, plants, network divisions).

Some of the assessment results are compared with known benchmarks so that inefficiencies can be
KAIKE AIKGSRZ yR RSOA&A2Y YI{SNAE OFy LINA2NAGAT S

ECAM Methodology “WaCClimM 6
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2.3.1 The GH@\ssessment
Three categoriesf GHG emissiorere includedn ECAMDirect emissions that are not associated

with grid-energyusage (Scopg), indirect emissiorassociated witlgrid electricityusage (Scope?2),
andother indirect emissiongnon-grid energy) asper thelntergovernmental Panel on Climate
ChanggIPCgdefinitionshave been added iBcope3 (seeTable2-1). Thednon-gridS y' S Nélaged
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.

ECAM Methodology 7
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Table2-1 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
Disposal

Faecal
Sludge
Treatment

Faecal
Sludge
Containment

Scope 1 Direct emissions

CO,, CH,4 and N,O
emissions from on-
site engine stationary
fossil fuel combustion

CH, from sewers or
biological wastewater 0
treatment

CH, from faecal
sludge containment

CH, from faecal
sludge treatment

NO from sewers or
biological wastewater 0
treatment

CH, and N,O from
sludge digestion

CH, and N,O from
faecal sludge
treatment

Scope 217 Indirect emissions

Indirect emissions
from electric use 1 1 i 1

Scope 3 i Other indirect emissions

CO,, CH, and N,O

emissions from truck

transport of water

(drinking water, T 0
wastewater, reused

water) fossil fuel

combustion

Emissions from the
manufacture/transport 0
of chemicals

Emissions from the
construction materials o] (o] 0] (o]
used

CH, and NO from
faecal sludge
Management

CH, and N,O from
sludge management

CH, and N,O

emissions from

collected wastewater q
discharge without

treatment

CH, and N,O

emissions from not

collected wastewater 1]
discharge without

treatment

CO;, CH,; and N,O
emissions from
sludge transport off-
site

N2O and CH,4
emissions from
effluent discharge in
receiving waters

o  Emissions not quantified in
the ECAM tool, evethough
they exist

9 Emissions quantified in the
ECAM tool

ECAM Methodology “WaCCliM
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The emissions are counted in terms of;@Quivalents CQe). The equivalence for methane (QH
and nitrous oxide (bD) correspond to the 10Qear global warming potentigdGWPYor greenhouse
gases (GWP100, AR5) reported by IRCECAM, users can choose which values for the GWP are
applied by selecting the preferred IPCC repoglile2-2).

Table2-2 Global warming potential for different IPCC report years

Global warming potential for 100 year horizon

CQ(CQ  CH(CQ NzO (CQ

Report equivalents) equivalents) equivalents) Comments
with climate-carbon
IPCC 5th AR014/2013) CCI 1 34 298 feedbacks
without climate-carbon
IPCC 5th AR014/2013) 1 28 265 feedbacks
IPCC 4th ARR007) 1 25 298
IPCC 3rd ARO001) 1 23 296
IPCC 2nd AR995) 1 21 310
IPCC 1st AR990) 1 11 270

2.3.2 Tiered Approach

Tier Ac¢ Initial GHGEstimation

InTier A, the ECAM tool focuses grid energy consumptiofor the drinkingwater, the wastewater

andfaecalsludgg @ 8GSYya YR FLIWINREAYFGS ljdzZ yGAFAOFGAZ2Y 271

AYRANBOG SYA aadhidefergy coyistinptiotsédlupos iRasanable assumptions and
typicalwastewaterand faecal sludggeatment designconditions.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 estimdtid® global emissionand identify

where the biggest opportunities for GHG reduction exist, and what areas to focus on in terms of data
collection and assessmenithe output figures are pie charts and donuts representing respectively all
GHG emissions aradl electrical energy use in the water cycle. Colour coding is applied to distinguish

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

! Climate CarborFeedback Theoretical concept based on the assumption that the four major carbon sinks
(atmosphere, biosphere, oceans and sediments) will reduce their capacity to uptakdu€@ the ongoing
climate change with direct effect on GWP of GHG emissions.

ECAM Methodology 9
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@ Tier A:

PRSI Initial GHG Assessment

GHG emissions by water system GHG emissions by source
total 9000 t CO, eq (%) total 9000 t CO, eq (%)
B water Supply (WS) I Electricity
Il Wastewater Treatment (WW) M cH,

N,0

Figure2-3 Piechart information obtainedfrom Tier A assessment

Tier B¢ Detailed GHG assessment

Tier B focuses on analysing system performanakepthwith more accurateand 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 Dajgending on
the stage, italsoincludesdata inputs relatecbumping performance, the us& topographic energy,
water efficiency, sludge management, treatment type and performance, biogas prodattbbmany
othersas mentioned belowAlong with the detailed analysis, the tamdnasses®nergy performance
& GHG emission at different stagesdasubstages of the urban watarycle.The data inputs ifier B

assessmeninclude:

U Gridenergyconsumption;
U Data related to on-grid energyGHG emissions afinkingwater, wastewater system
and faecal sludge

1 Fuel used in engindbased orDiesel,Petrol or Natural Ggs

ECAM Methodology “WaCCliM 10
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1 From reatedwastewaterdischarged to avater body (based on nitrogen logd)

1 Wastewater treatment procesased on population, treatment typ&OD load and
BOD removed)

1 Sludge treatment and transpoand disposalbased orvolume,sludge type, dry

mass)

Biogas valorizatiorb@sed orcomposition, volume)

Type offaecal sludge containment

Flood conditions of the faecal sludge containment

Fraction of the sludge contain that is emptied

Characeristics of the Faecal Sludgelume,BOD concentration and load

Faecal Sludge treatment process

Type of disposal/reuse

=A =/ =/ =2 =2 =2 A =

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

Tier B¢ Advanced assessment: Stdtages

Thisassessmenievel focuses on stage speciitiGemissions and energy performanfoe the three
partsof the water cycle i.e. drinking watewastewater and faecal sludge, @sposeal to the global
drinking water,wastewaterand faecal sludgemissions obtained from Tier. Ahe output figure

under energysummaries is a donut representing all electrical energg in the water cycle by stage,
colour-coded for each of the stages of the urban water cy€ler 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 sstages) such as individual pump stations, which may be
benchmarked. Outpts are represented by a donut indicating the electrical energy consumption,
colourcoded by stage of the urban water cycle. Each stagebesplit into the substagesfor

benchmarking selected facilities.
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lﬂ Tier B:
fier: Beraled GHE Assessment Detailed GHG Assessment

GHG emissions by stage and by substage
total 9000 t CO, eq (%)

GHG emissions of
sludge management

o

Benchmarking of
pump efficiency

M cH,

N.O
z B WS abstraction

B WW collection
[ WW treatment
I Ww discharge

Figure2-4 Pie chart information obtained from Tier B assessment
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3 Methodology anddonceptualBackground

3.1 Emissions fronrban Water Gycle

As indicated in chapter 2hree categoriesof GHG emissiorare includedn ECAMGHG emissions

associated witlgrid-energyuse(scope Z; indirect emissionsand the GHG emissions not related to
gridenergyuse déope ¥ O RANEDAAA2Y a0 YR daO2LIS o0é 0620KSNI A
developed to be consistent with the Intergovernmental Panel on Climate @h@RCC) Guidelines

for National Greenhouse Gas Inventorighis methodology has badurther compkemented with

emission calculation methods frothe Biosolid€Emission#\ssessment Model (BEAN) well as

with knowledge fronrecent scientific studies faspecific aspects.g. sludge storage

3.2 Direct GH@&missiongScope 1)

Sourcef directGHG emissions from withinetUWSare summarized herein to understand the
scope ofECAM how they are accounted for, and how relevant the direct emispiemiormance
indicators PI9 may or may not be to actual performanoéthe systemand reducing direct GHG

emissions.

CQ, CH, and NO emissions from ossite stationary fossil fuel combustion sources:
These can include esite engine generators and engines for driving process and/or pumping
equipmentusedat water treatment and pumping facilities. These emissions will be based upon

default emission factors for the appropriateel type and fuel consumiiin per IPCC guidelines.

CH emissions from sewers:

Methane is a potent greenhouse gas with a global warming potential of 34eq{valents over a
100-yeartime horizon as reported by IPCC (2013). Methane can be produced in sewers via
conversion of orgaia carbon by methanogenarchaeaunder anaerobic conditions, and then
released into the atmosphere via manholes and atmospheric discharge paititeugh methane
emissions have been measured in both gravity (de Gedadf, 2012), and pressure sewers
(Guisasolat 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 toethiletention time of the wastewater in
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sewer anaerobic conditions. Although IPCC (2006) indicates that closed underground sewers, which
are predominant in the UWS, do not contribute significani @issions, studies have shown the
contrary. One study (Guisasatal., 2008) found sewage methane to contribute GHG emissions
between 12¢ 100% of those from a WWTP itself. However, there are not yet any conventional
methods for estimating these emissi® that can easily be implemented by a water utility. Therefore,

they are not included in the GHG estimation framework proposed herein.

CH emissions from biological wastewater treatment:
The principal factor in determining the Cgeneration potentiabf wastewater is the amount of
degradableorganicmaterial in the wastewaterA wide range of fermentative bacteria break down
large organic molecules to smaller ones suchatty acids and alcohols andsanaller range of more
specialised organisms convénese low moleculaweight compounds into methane and carbon
dioxide.CH emissions from wastewater treatment can makeaipignificant portiorof the WWTP
carbon footprint (Daelmaet al., 2013) and incasessuch as anaerobic lagoon (>2itngdan beeven
much greaterand can result from the following:
U Dissolved methane that is produced and transported from the collection system andsthat
then stripped a the WWTP headworks or in the aerobic reactors
U Dissolved methane that is produced from anaeraothigestion and is left in the reject water
that is recycled to the aerobic tanks, where a fraction of the dissolved methane is ultimately
stripped
U Methane gas produced in anaerobic digestion that escapes
U Methane gas produced in anaerobic digestion thatasfully combusted in cogeneration
(Daelmaret al.,2012) or thermally destructed by flaring
Methane gas escaping from digested sludge storage facilities (Daelna&n2012)anaerobic
treatment systemsThe IPCC methodology addresses all of tlee®ept the methane originating in
the sewersand dissolved methandhe methodology also does not include the emission from the
biogas flaring as these are not significarite TTQ emissions are of biogenic origin, and the;@rid
N2O emissions are very sithand are not included in thestimation Therefore, withexception of the
sewerand dissolved methanehefollowing emissiortypes are included iECAMrom:
0 CHfrom wastewater treatment

U CHfrom onsite fuel engines
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U CH from anaerobic digestion & flaring
U CH from direct discharge of untreated wastewater
U CHfrom truck sludge disposal transport

U CHemissions from sludge

CQ emissions from biological wastewater treatment:

These can be emitted directly from tlaerobicprocesgsas aby-productof microbial breakdown of
organic matter. IPCC considers this source to be biogenic in nature, hence not a contributor to
increased Cgroncentrations in the atmosphere. Therefore, this source will not be included in the

tool for consistency with IPCC guidance.

N2O emissions from sewerslitrous oxide is another potent greenhouse gas with a global warming
potential of 298 C@equivalents over 400-yeartime horizon (IPCC, 2013). Although some studies
have reported MO emissionso be significant from sewers (Shat al., 2014), the conditions leading
to NO emissions in sewers are still not well understood. IPCC also does not consider sewers as a
source of MO emissions; hence, they will not be consideirethe GHG assessmerramework

strictly for consistency.

N.O emissions from biological wastewater treatment
The production of BD is completely differenirom CH production. NO can be produced from both
anoxic and oxic conditions and depends on the population, wharegkane production depends on
the operations and treatment technologWith the high global warming potential of.@, it does not
take a lot to make up a significant portion of the UWS carbon footpKs®. has actually been seen
G2 YI 1S dzLJ 71 yoml GHE entissiéng (Daelfddnal., 2013); therefore, it cannot be
ignored. NO emissions from biological wastewater treatment, specifically employing nitrification and
denitrification for nitrogen removal, can result from the following main pathways:
U during hydroxylamine (N¥DH) oxidation in the conversion of ammonia gNte nitrite
(Chandraret al., 2011; Lavet al.,, 2012)
U reduction of nitric oxide (NO) produced from nitrite in nitrifier or ammonia oxidizing bacteria
(AOBXenitrification (Bocket al., 1995; Chandraat al., 2011; Kampschreut al., 2009)
U during heterotrophic denitrificatiorfHiatt & Grady2008)
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The first two pathways listed above typically occur in aerobic reactors designed for nitrification,
where the NO produced is immediatelyrgpped into the atmosphere, while the third typically
occurs in anoxic (or unaerated) reactors designed for denitrification, where 4@epkbduced can be
either diffused into the atmosphere within the same reactors, and/or stripped in downstream
aerobic eactors. The IPCC methodology (2006) includes a default emission facte©férolh
wastewater treatment; therefore, its included in ECARr consistency.

However, it should be noted that this emission factor is related to population; whereas it is now
generallyaccepted from various studies that risk aiONemission can be directly adéd to
operational conditionsAhn et al.,2010Foleyet al., 2010; GWRC, 281Kampschreuet al., 2009;
Porroet al, 2014. For example, dissolved oxygen levels thattao low can prompt bD production
from AOB denitrification (Boadt al., 1995; Chandraat al., 2011; Kampschrewt al., 2009).
Therefore, these operational conditions should be considered in WWTP optimization strategies when

trying to minimize GHG essions

CH 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
suppliedby surface diffusion. Therefore, without additional aeration, methanogenic processes will
resultin the production of methaneAnaerobic conditions may occur in many steps during faecal
sludge management for example in pit latrines, septic tanks, anaetoddtment 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 becomingnore and more evident that faecal sludge management is an important,
though poorly quantified, source of methane emissions within the urban water cycle (e.getReid

2014; Leverenz, Tchobanoglo&i®arby, 200).

The variation in the values can be &iped 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, 20dijsidered 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 EPAL999), which suggests that the Ceimissions e also comparable. According
IPCC (2006) relevant for the methane emission rate is whether the ground water table is tower o
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 thagenerally the methanogenic activity requires high a moisture conieay,

Li& Noike, 1997)While latrines without flushwater still generate £#missions due to the mixing of
liquid and solids, more fully aerobic systems like wadlintained compostig toilets or toilets that
separate liquid and solid waste can be assumed to have insignificaen@ssiongReid et al.,
2014).Since the faecal sludge still has some methane production potential after emptying of septic
tanks, latrines etc(Afifah& Priadi, 2017; Rose, 201%) further anaerobic treatment or disposal can

still produce methane emission

N-O emissios from faecal sludge management

Since nitrification (the oxidation of ammonia nitrogen to nitrate nitrogen) is prerequisite for te N
emissions anaerobic systems like septic tanks or pit latrines are not significant sourc€s of N
emissions. US EPA (1999) discussed the possiDlemNissions from septic tanks, pit latrines and
open sewers and concluded that these systems are not likglyaduce any significant direct,®
emissions to the air. The final disposal of biosolids in the environment is however a well
acknowledged source of: emissions (e.g. SYL\2@9 IPCCG2006). Measurementdy Leverenz

and Tchobanogloug& Darby (201phave confirmed this and showed that® were not a significant
source of emissions from septic tanks but they were the main source of emissions from the soil
dispersion sytem following the septic tank.

Source separated urine as it occurs for examplarine 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 resubacterial activity is inhibited and a further decomposition of urine is prevented.
Spangberg, Tidaker and Jonsson (2014) develapaddel based on IPCC (2006) that quantifies
direct NO emissions from urine spreading as 1%XN) of total nitrogen addd to soil. In addition,

the model assumes that 1% of the ammaonitrogen emitted during urine collection / storage and
land application cases indirect® emissions and uses reported values for 4% ammonia emissions

from collection / storage of urine ang% ammonia emissions from land application of urine.
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3.2.1 Methodology forDirect GHG EmissioAssessment
The 2006 IPCC Guidelines for National Greenhouse Gas Inventories have beenthsethas

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 beeatirastig, but in

some cases alternate resources have been ap@igdf IPCC does not account for certaispectsin
such cases, references ather methodologies usedguch agthe BEAMmethodology(SYLVIS
Environmental, 2009¥or sludge managemeihave been provided.

There are components of the equations that are takexm other literature sources, in such cases,
the respective references are provide®fhen 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
availablethe use can change the default valus®d, in this wayincrement the accuracy of the

evaluation

3.2.1.1 OnsiteEngines GHG
The GHG emissions from-site engines, measured in kg ££@kilogram of Cg&equivalents), are

determined by two factors:
1. Engine Fuelype (Diesel, Petrol or Natural Gas)
2. Volume of fuel consumed
The Input Data
Inthe ECAMI ool the following data is required to estimate the GHG emissions fresiterengines:
U The engine fuel type is to be selected by a drop down menu, where the useelean their
fuel type. By default, the assumed fuel is Diesel.
U  The volume consumed
CKAA AYF2NNIGA2Yy Aad NBIldzSSaiSR Ay as5SiGFAf SR !
The @mputation
Based on the input data entered in the tool, the following intermediate values will be compaoited t
estimate the GHG emissions from-site engines to be used in the Performance Indicators:
1. The energy content in the volume of fuel consum&dalculatedbased on the expressi¢iPCC,
2006):

%l AGOKI 110000KEAGA] 611 GIBOAT 1 OGIGORRI @Eﬁemn# GM
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Where:
9 1,000,000: For units conversion

9 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 frorthe IPCC guideling$able3-1).
2. The emissions from esite engines running on fuel (in kg@&P As fuel is burnt, the engines will
emit CQ, NbO and CHlin different quantities depending on the fuel type. The totabCO
equivalent emissions from fuel engines are computed based on the following expré&gion
(Volume 2: Energy; Equation 2IPCC, 2008
%l EOOEQINIOOKIOBEE @ DA %l AGEDRAI T OO RB&H | W&/ 2# . #
%E&# EH - #

Where:
9 EFCQ: Emission factor of C@br the chosen fuel
1 EFN:0: Emission factor of 2 for the chosen fuel
1 EFCH: Emission factor of GHor the chosen fuel
1 CNC: Conversion factor foe® emissionsnto CQ equivalent emissions (varies from 265 to 3:
based on IPCfeport year selected)
i CMC: Conversion factor for £emissions into C£equivalent emissions (varies from 11 to @

based on IPCC report year selected)

Table3-1 Fuel Properties (IPCC, 2006)

Fuel density EF Celkg/TJ) EF Ckkg/TJ) EFNO NCV

[kg/L] (kg/TJ) (TIIGQ)
Gasoline/Petrol  0.74 69 300 3 0.6 44.3
Gas/Diesel Oll 0.84 74100 3 0.6 43
Natural Gas 0.75 [kg/n¥] 56 100 10 0.1 48
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3.2.1.2 Methane from Treatment Process
Methane emissions are calculated in the EQAM2 tool for the following processes within the

boundary of the wastewater treatment plant:
U Methane emissions from wastewater treatmead faecal sludge treatmeriTiers A and B)
U Methane emissions fromanaerobic digestion (Tiers A and B)
U Methane emissionfrom the anaerobic digestion of sludge and faecal sludge (Tiers A and B)

U Methane emissions from faecal sludge manageng@bntainment

Methane emis®ns from wastewateand faecal sludg&eatment
Thelnput Data
In The ECAMo0l, 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
U The methane emissions are basen the serviced population and BOD load per person
specifiedand the treatment technology.
At Detailed GHG Assessment, the following data is required:
U Actual Influent and Effluent BOD5 loads.
U Actual BOPmass removed as sludge
U Type of treatment
TheCGomputation
Methane (C@e) emitted in wastewater treatment plants faecal sludge treatment [kgCO2¢]
(IPCC, 2006):

%&7 74 04 (260 6

Wastewater treatmentnd faecal sludgmethane emissioffiactor [CMCkgCH/kgBOL)] is calculated
using thelPCC Guidelines for National Greenhouse Gas Inven{@088,Equation 6.2). The
wastewater treatment methane emission correction factor (MCF) per IPCC (2006) is priovided
Table3-2. In the ECAM tool, EF value is used depending owtstewatertreatment technique. The
user can alssubstitutespecific EF values during substagéthe treatment stepby clicking on the

EF value and then adding additional stages

ECAM Methodology 20



Water and Wastewater Companies
for Climate Mitigation

WaCCliM

BT 740 ( "D #&

Where:

B, = maximum methane production capacity (Kii/kg BOR) as per IPCC (2006) (This is
country specific value, If countigpecificdata are not avadlble, a default value d.6 is usejl
f MCF: Tabled value¥4ble3-2)

Table3-2 Example: Methane Correction Factors (MCF) & Emission factors (EF) for some types of treatment technique
using default value of 0.6 for BO (IPCC, 2006)

Type of Treatment MCF EF
centralized aerobic treatment plant (well managed) 0 0
Centralized aerobitreatment plant, with minor poorly 0.1 .06

aerated zonegalso applies to aerated aerobic lagoons)

Centralized aerobic treatment plant, with some aerated 0.2 A2
zones (also applies to aerated aerobic lagoons)

Centralized aerobic treatment plantjot well managed (also 0.3 .18
applies to aerated aerobic lagoons)

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

EF can be used for faecal sludge treatment.

Effluent BOBload: 10 %of influent BODassuming that this amount is remainingthe effluent

BOR mass removed as sludge [kg
" AG@AT T AOA OAECA 0Ot Qa6 W0 XA Qoo dXxE B "/ 1 O/AMA

Where:
1 % BOD sludge the fraction of influent BOD removed with sludgévalue from
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Table3-3 Percent BOD removed with sludge for different treatmegpes (IPCC2006)

Main treatment technology CH Emission factor % BOD sludge
(containment)
(kgCH/kgBODy)

No Treatment 0 0
Anaerobic Digester 0.48 10
Imhoff Tanks 0.48 10
Anaerobic Reactorg CH, recovery not considered 0.48 10
Anaerobic Reactorg CH recovery considered 0 10
Stabilization Ponds (<2 m depth) 0.12 30
Stabilization Ponds (> 2m depth) 0.48 10
Sludge Drying Beds 0 0
Wetlandsc surface flow 0.24 30
Wetlands¢ Horizontal subsurface flow 0.06 65
Wetlandsc Vertical subsurface flow 0.006 65
Composting 0.0013 0
Activated Sludge (well managed) 0 65
Activated Sludge; minor poorly aerated zones 0.06 65
Activated Sludge Some aerated zones 0.12 65
Activated Sludge; Not well managed 0.18 65
Trickling Filter 0.036 65

3.2.1.3 Methane Emissions fromAnaerobicDigestionof Sudge andFaecalJudge
The GHG emissions from methane in biogas, measured indey(Kilograms C{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 kiakx in a boiler or cgeneration engine
for electricity and/ or heat. Although it lighly discouragedt 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 assumibét 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 operationdf biogas is fully valorisedhe tool assumes that no methane essions are

released to the atmosphere.
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The Input Data

In The ECAMool, the following data is required to estimate the GHG emissions from biogaach

level of assessment:

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

i
i
i

i

Thebiogas production is estimated based on the serviced population
Dedault BOR loadsspecific per country.
Annual protein consumption per capita specific per country.

Treatment Technology

Along withthis, the user can also select the GWRafbon dioxidemethane and nitrous oxide

according to different IPCC guidelines.

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

i
.
i
i

i

The actual volume of biogas produced by the digesteéhe type of treatment
The actual volume of biogas féat

The actual volume of biogas valorised

Actual influent and effluent BQMoads

% of methane in biogas

TheGomputation

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

estimate the GHG emissions frdsiogas 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 @everal assumption&eeTier A estimations liytand is carried through

unless actual biogas production data is entered in Tier B.

ECAM Methodology
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Biogas produced (estimated @terA) versus actual values at detailed assessment):

'ETl DAOAOCAIAA OAOOBABAI BOEKxAIOA7 40DA GO
AT O GRORUBARYREPA/CEA | AFD ATAGA B ey C6 IC" / $1 1 AA8 . ,TC6 3Tp mTE™

"ET DOOAOCARRAADACK pi POl ABBARGO
[Je328 TRVCHA T ABO ATAGA W &y C6 3C" / $1 1 A A8 . ,TC6 3Tp mTET

9 0.8: ratio of dry weight (g) of organic matter (volatile solids) to BlO&d (g) entering the plant,
assuming a theoretical average for a well operated plant with primary sedimentatiosnfadior
is derived from(Svardal & Kroiss, 2011)

9  1000: Unit conversion factor

I OSS: population with onsite treatment

1 0.4: production of biogas in N L per g of organic matter (VS) contained in the sludge
population equivalent = serviced population)

1 0.59 % CHn Biogas

91 0.66: kg CHNm?

aSGKIyS NBftSIFaSR O0AF GKS dzaSNJ Kl & |yaa&®B®R . 9({
tothe questiond ! N &2dz Gt 2NARaAAYy3I o0A23A AaKEOY

- ACEARRAKLEQAARA mi@w Ei OADAOAR BT o1

Where:

1 0.59 based on % Ckih Biogas

9 0.66: kg CHNm?®

 CMC: Conversion factor for £emissions into C£equivalent emissions (varies from 11 to :
based on IPCC report year selected)

T 0.02: 2% of methane losses
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Under Tier B: Detailed Assessment:
Biogas flared [NA)
"ET #EAAOKADOO
Methane released:
- AROEARRAAGQAA mai@ Ei @A A ORADT® @ Y
Wastewater treatment methane emission factor [kgigBOR] (IPCC, 2006):
%N&T 7 4 O#F ( THD # &

Methane (C@e) emitted in wastewater treatment plan@nd faecal sludge treatmeffitgCQe] (IPCC,
2006):

%& 7 408 (2# - #

Where:
1 0.02: 2% of methane losses
1 0.59: 59% CHn Biogas
1 0.66: kg CHNm?
i CMC:Conversion factor for GHemissions into C£equivalent emissions (varies from 11 to :

based on IPCC report year selected)
1 Ap: Assessment period in days

1 MCF: Tabled value$gble3-2)

3.2.1.4 Methane Emissions fronFaecalSudge Management¢ Containment
The Input Data

At Initial assessment (Tier A) level the following da&arequired about the containment

U Percentage of containment emptied
U Is the containment experiencing flooding or groundwater infiltration?

U Containment type
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