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1 Introduction

About this manual

This document provides a detailed explanation on the theoretical background of the second version
ofthewebo  aSR a9y SNH& LISNF2NXIYyOS YR /I Nb2y 9YA&aa:
V2) tool. The main assumptions and the key considerations that thembasis 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 systesanfigurations.

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 eerof 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 ddtanclude:

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 for methane and nitrous oxide;

U Sludge management options;

U Performance indicators witteference values and implications;

U Guidance on population types

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

description, unit, and whenever applicaldgquations and benchmark values and

U References and links tsource materials

ECAMMethodology WaCCliMV 1
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Note that this methodology document may be used in conjunction with @AM user manual
which describes the different functionalities and features of the tool. It can be downloaded from the
GKSE LI LI 3Sé¢ Ay (GKS 9/ 1l a G22f¢

For further sipport on the ECAM tool, please contact the helpdasd@wacclim.org

About ECAM

Background
ECAMis a webbased free and opesource decision support todhat is part of the knowledge

platform developedby theWater and Wastewater Companies for Climate Mitigat{@daCCIiM)
project WaCCliMis guiding water and wastewater utilities am journey to energy and carbon
neutrality. Limiting climate change to 1.5°C requires substargictions in greenhouse gas (GHG
emissions in all sectors.

The urban water sector has undecognized opportunities teeduce carbon emissions that will
contribute to the successfuimplementation of the Paris Agreement through increasiting
Nationally Determined Contributions (ND@$)supportingcountries. The Energy Performance and
Carbon Emissions Assessmantl Monitoring (ECAM) Tool, offers a solution for utiliiesjuantify

their GHG emissions and contribution to ND@®ugh reducing indirect and direct emissions from
energyuse and wastewater management.

Objective

ECAM tool assistwater 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 approah 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 sitiigtie 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 costénis a
driver for utilities. It carbe used for:

1 GHG emissions assessment

ECAMMethodology 2
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1 Energy performance assessment

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

1 Developing scenarioghen investigating possible measures to improve performance

9 Monitoring theresults 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 quantitiémsising
assumptions. The Detailed GHG Assessment (Tier B) provides a more advanced level of GHG
aasSaaySyid dzaiy3a RSGFAESR RIEGE G2 3JLAY | Y2NB
emissions and energy performance, as data is entered for eade st 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 Bete 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 complgmentar
Performance Indicators (Pls) 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 idéred 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

Oy LINA2NRGAT S AYLINRGSYSyilia Ay (GKS dziAftAGASEQ Y32

ECAMMethodology 3
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2 Scope of Application

2.1. Target group

Water utility managers andechnicians, consultants, climate changefessionals academicsand
policy makersvho are interested in understanding the conceptual backgroohthe ECAM tool. In
addition, whoever interested in urban water cycle, particularly the energy consumptiwh a
greenhouse gas (GHG) emission frorban watercycle and how this could be tackled to improve

the systentowardssustainabilityand efficiencycould benefit from this guide.
2.2. Basic Functions

The objective of the ECAM tool is to assist utilities, in using their exigtingdata asa source of
valuable information
ECAM offers water and wastewater utilities the following:
w A tool for GHG reduction
A tool to assess carbon footprirgnergy 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 vieaasparent and sound

approach whichlguantifies GHG reductions, a prerequisite for accessing climate financing

What ECAM offers the water sector:
w ! 22t F2N Y2y Al2NKSGID I NSINZ RSOy 2 NEWER DD DNINS:
contribution to the NDCs
w wSljdzANBa 2yftée RFEGF GELAOLItEftE& | @FAflIofS Ay
wThe same methodology can be applied to utilities nationwide, facilitating national

benchmarking and knowtlge exchange between utilities

ECAMMethodology 4
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2.3. System boundariemnd 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 approachdeong all stages of

the urban water cycle and the interlinkages between stadégure 20). The aim is to maintain the
overview on the entire urban water cycle in the analysis, to convey the notion thasygibms are
inter-related. Fora detailed overview of GHG sourcesthe urban water cycle and the interrelations

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

www.WaCCliM.org/Roadmap

i &

S

W = 00
‘ i P wastewater
~ discharge
recycled water® !
o distribution j o o
waler & recycled water*
abstraction ey - treatment
A “‘l i
ol ” : (8 oo
waler 3 wastewater
treatment treatment
Q energyuss
00 0060 @ s
waler o GHG emissions
distribution o collection * not assessed in
end-user* the WaCCliM project

Figure2-1 Stages ofthe Urban Water CycleEQ\M promotes a holistic approach for the whole urban water cycle

The applied framework of the urban water cyciacludes 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). Figugel shows the utility boundaries consideréd ECAM Toolthe
part under the dash lines

ECAMMethodology WaCCliMV 5
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Figure2-2 System boundary

Navigathg the Urban Water Cycle stages

In ECAMhe user experience starts with Tier Witial GHG assessment, which includes the whole

water supply and wastewater handling services allowing a user to make a straightforward
assessment with baebf-the-envelope calculations. The experience continues with TieDBtailed

GHG assessment, in which the user can introduce more accurate waluesculate 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 canCollection, 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 decisioff  { SNBE OFy LINA2NAGAT S AYLINRGSYSyida Ay

ECAMMethodology WaCCliMV 6
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2.3.1.The GHG assessment
Two categorie®f GHG emissionare includedin ECAMGHG emissions associated with electricity

use(scope 2 indirect emissionsand the GHG emissiom®t related toelectricityuse, which group

the Scope 1(direct emissionsland scope 3 (other indirect emissions) emissiorser the IPCC
definitions (see Tab2mM 0 @ ¢ KSF SOYINR OA & NBf I GSRéE DI D SYA&aAAZ2)
within the bourdary of the utility, or which are a consequence of the services provided outside of

the utility boundary.

ECAMMethodology 7



Water and Wastewater Companies
for Climate Mitigation

WaCCliM

Table 2-1 Overview of all GHG emissions from water and wastewater services

Water Water Water Wastewater Wastewater Wastewater
abstraction treatment distribution collection treatment discharge

Scope I Direct emissions

Emission from the maintenance trucks 0 0 0

o
(@]
o

CQ, CHand NO emissions from csite stationary . . .
fossil fuel combustion

>
>
>
S
S
>

CHfrom sewers or biological wastewater treatment

o
o>

N,Ofrom sewers or biological wastewater treatmen

o

Scope2 ¢ Indirect emissions

Indirectemissions from electric energy A A A e A o A A o
Scope3 ¢Other indrect emissions
Emissions from the manufacturing of chemical use:
Emissions from the construction materials used o o o o o o
CH and NO emissions from wastewater discharge A
without treatment
CQ, CHand NO emissions frorsludge transport off A
site
N,O emissions from effluent discharge in receiving A
waters

0 Emissions not quantified in thECAMool, even though they exist A Emissions quantified in thE CAMool

e Unless water distribution is gravity (natural) fed * Unless wastewater collection/discharge is by gravity

ECAM Methodologj/lethodology®WaCCliM 8
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The emissionsire counted in terms of G@quivalents (Cé&q).The equivalence for methane (QH
and nitrous oxide (pD) correspond to the 10Qear global warming potentidlGWP)for greenhouse

gases (GWP100, AR5) reported by IPCC

Table2-2 Global warming potential for different IPCC report years

Global warming potential for 100 year horizon

CQ(Cco2 CH (CQ N.O (CQ
Report equivalents) equivalents) equivalents) Comments
with climate-carbon
IPCC 5th AR(2014/2013) C( 1 34 298 feedbacks
without climate-carbon
IPCC 5th AR(2014/2013) 1 28 265 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, ussrcan choose which values for the GWP are applied by selectingeferred IPCC
report (Table 22).

Assessing emissions from Energy

According to the energy balangeesented in theFigure 23, dectrical energy purchased from the

grid at theentire drinking water or wastewater system level is used to calculate GHG emissions. It
includes electricitconsumed by the facilitie@.g.pump station$ of the utility and may also include
consumption for buildings (e.dghting, heating or ventilation

Energy balance;Energy IN- Energy OUT

Energy IN Energy OUT
U Grid electricity U Surplus renewable electricity (sqdfoduced
U Renewable energy (sejfoduced) U Energy consumption for operating
equipment
Energy IN SVStem Energy OUT

Figure 23 Energy balance
ECAM Methodology/ethodology®WaCCliM
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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 smbestages 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 impoftance o
the stage in compéson to the entire water cycleAt substage 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 performamzicators (e.g.: standardized pumping
energy, treatment energy), when documented at the stége 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 entiravater utility and wastewater utility under the summary page of the energy
assessment.

Nontrelectricity related emissions are described in detail in Chapter 3.

2.3.2 Tiered approach

Tier Ac Initial GHG assessment

In tier A, the ECAM tool focuses on global energy consumption for the water and the wastewater
d2aisSya FYR FLILINREAYIGS ljdzZt yGAFAOLIGAZY 2F 620K
not related to electrical energy consumption. The output figurare 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 wastewatelystems. For a deeper understanding of where the -atattricity

related GHG emissions are coming from, the user is invited to go to the interface & ¢ha S NJ

Detailed GHG assessment

ECAMMethodology 10
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@ Tier A:

Tior & nitial 4G Assessmant Initial GHG Assessment

GHG emissions by water system GHG emissions by source
total 9000 t CO eq (%) total 9000 t COeq (%)
B water Supply (WS) I Electricity
I wastewater Treatment (Ww)| M cH,

N,0

Figure 24 Sample pie charts from Tier A assessment

Tier B¢ Detailed GHG assessment
Tier B focuses on analysing system performance with more accurate data inputs in order to assess
the following GHG emissions:
U From electricity consumption, accounting also for any electricity production sold;
U From nonrelectricityrelated 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

= =/ =/ =4 =

Uncollected wastewater

1 Sludge treatment and transpor
ECAMMethodology”\WaCCliM 11
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Tier B¢ Advanced assessment: Swtages

Thisassessmenlevel focuses on stage specific energy consumption for the two halves of the water
cycle i.e. drinking water and wastewater. The output figureler energy summaries a donut
representing all electrical energy use in the water cycle by stage, cotmled for each of the six
stages of the urban water cycl&ier B also allows assessing the energy consumption in more detail.
By providing further data, the user canaro in at the performance of specific facilities (also referred

to as substages) such as individual pump stations, which may be benchmarked. Outputs are
represented by a donut indicating the electrical energy consumption, caloded by stage of the

urbanwater cycle. Each stage is split into the stibges, benchmarking selected facilities.

Tier B:
Detailed GHG Assessment

GHG emissions by stage and by substage
total 000 t CO,eq (36)

GHG emissions of

°e

sludge management
4 \ o
sludge management Benchmarking of
. CH, pump efficiency
N,O
[ WS abstraction
Il WW collection
. WW treatment

B ww disc harge

Figure 25 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 2wb categoriesof GHG emissionare includedin ECAMGHG emissions

associated with electricity usgscope 2¢ indirect emissionsand the GHG emissions not related to

electricity useéope ¥ O BRANEQaaA2yao yR 6ald2L)S AMwa 2 G KSNJ
developed to be consistent with the Intergovernmental Panel on Climate Change (IPCC) Guidelines

for National Greenhouse Gas Inventorid$is methodology has baefurther complimented with

emission calculation methods fronthe Biosolids Emissions Assessment Model (BEAM),

complemented with recent scientific studies for specific aspects.

4
1 &

B |nal -
SCOPE 2 SCOPE1 SCOPE 3
INDIRECT DIRECT INDIRECT

from Electric Energy * CHzand N,0 from WWTP  |jeferkette
* Fossil Fuel Engines on site N,O Effluent/WW discharge
* N,O und CH, (Sludge
transport)

Figure3-1 Emissions from urban water cycle
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3.2. Drect GHG emissions

Sourcesof direct GHG emissions from within élJWS are summarized herein to understand the
scope ofECAM how they are accounted for, and how relevant the direct emisgerformance

indicators Plg may or may not be to actual system performance and reducing direct GHG emissions.

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

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

CH emissions from sewerdvlethane is a potent greenhouse gas with a global warming potential of
34 CQ-equivalents over a 100 year time horizon as reported by IPCC (2013). Methane can be
produced in sewers via conversion of organic carbon by methanogeoimeaunder anaerobic
conditions, and then released into the atmosphere via manholes and atmospliscitarge points.
Although methane emissions have been measured in both gravity (de Gaiaalf, 2012), and
pressure sewers (Guisas@nal., 2008), the risk of production tends to be greater in pressure sewers
since there is generally no air/watert@érface 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
sewes, which are predominant in the UWS, do not contribute significante@tissions, studies have
shown the contrary. One study (Guisasetaal., 2008) found sewage methane to contribute GHG
emissions between 12 100% of those from a WWTP itself. Howevélrere 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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CH emissions from biological wastewtar treatment:
CH emissions from wastewater treatment can make up 12% of the WWTP carbon footprint
(Daelmaret al., 2013a) and can result from the following:
U 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
U 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
U methane gas produced in anaerobic digestion that escapes via gas piping leaks
U methane gas produced in anaerobic digestion that is not fully combusted in cogeneration
(Daelmaret al.,2012) or thermally destructed by flaring
U methane gas escaping from digedtsludge storage facilities (Daelmeinal.,2012)
U 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 methaiadl,these emission typesaincluded in ECAM.

CQ emissions from biological wastewater treatment:

These can be emitted directly from tla@robicprocesgsas aby-product of microbial breakdown of
organic matter. IPCC considers this source to be biogenic in nature, hencecoatriutor to
increased C@Oconcentrations in the atmosphere. Therefore, this source will not be included in the

tool for consistency with IPCC guidance.

N>O emissions from sewerditrous oxide is another potent greenhouse gas with a global warming
potential of 298 C@equivalents over a 100 year time horizon (IPCC, 2013). Although some studies
have reported MO emissions to be significant from sewers (Skodl., 2014), the conditions leading

to NLO emissions in sewers are still not well undeosto IPCC also does not consider sewers as a
source of MO emissions; hence, they will not be consideirdthe GHG assessment framework
strictly for consistency.
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N,O emissions from biological wastewater treatmentith the high global warming potentialf
N,O, it does not take a lot to make up a significant portion of the UWS carbon footprp@. hak
I Qldzt tt& 0SSy aSSy G2 YIF{1S dzJ Ty 2tRl, 201382 ¢t Q&
therefore, it cannot be ignored. A emissions from biologicatastewater treatment, specifically
employing nitrification and denitrification for nitrogen removal, can result from the following main
pathways:

U during hydroxylamine (N4DH) oxidation in the conversion of ammonia gNte nitrite

(Chandraret al., 2011; Bwet al., 2012)
U reduction of nitric oxide (NO) produced from nitrite in nitrifier or ammonia oxidizing bacteria
(AOBXYenitrification (Bocket al,, 1995; Chandraat al,, 2011; Kampschreut al,, 2009)

U during heterotrophic denitrification (Hiatt and Gig, 2008)
The first two pathways listed above typically occur in aerobic reactors designed for nitrification,
where the NO produced is immediately stripped into the atmosphere, while the third typically
occurs in anoxic (or unaerated) reactors desigfe@dienitrification, where the bD 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 factoOfdroh
wastewater treatmeiy therefore, itis included in ECARdr 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 obON emission can be directly related to
operatioral conditions (Ahret al, 2010; Foleet al, 2010; GWRC, 2011; Kampschreual., 2009;
Porro et al, 2014b). For example, dissolved oxygen levels that are too low can progapt N
production from AOB denitrification (Boa@k al, 1995; Chandraet al., 2011; Kampschreuet al,,
2009). Therefore, these operational conditions should be considered in WWTP optimization

strategies when trying to minimize GHG emissions.

ECAMMethodology 16



Water and Wastewater Companies
for Climate Mitigation

WaCClLiM

3.3. Methodology forDirect GHG Emissioassessment

The 2006 IPCC Guidelines fdational 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 beedirestig, but in
some cases alternate resources have been ap@igdif IPCC does not account for cer@aépectsin

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

3.3.1.0nsite engines GHG
The GHG emissions from -gite engines, measudkin kg Cge (kilogram of CQequivalents), are

determined by two factors:
1. Engine Fuel Type (Diesel, Petrol or Natural Gas)
2. Volume of fuel consumed
The Input Data
Inthe ECAMI 0o0l, the following data is required to estimate the GHG emissions fregite@angines:
U 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.
U The volume consumed
CKAA AYF2NNIGA2Y A& NBljdzSAaGSR Ay a5SiGlFAfSR ! 44aSa
The computation
Based on the input data entered in the tool, the following intermediate values will be computed to
estimate the GHG emissions from-site engines to be used in the Performance Indicators:
1. The energy content in the volume of fuel consumed, based on tierfimg expression (IPCC,
2006):
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Where:
9 1,000,000: For units conversion

1 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 asite engines running on fuel (in kg@P As fuel is burnt, the engines will
emit CQ, N,O and CHlin different quantities depending on the fuel type. The totabCO
equivalent emissions from fuel engines are computed based on the following expression (IPCC,
2006):
%l EQOEQITIIOOKIOBEEEDO ¢ A%l AGDARI T OC A&\#/ &&. c# . #
%&# ¢# - #

Where:
1 EFCQ: Emission factor of G@r the chosen fuel
T EFN,O: Emission factor of @ for the chosen fuel
1 EFCH: Emission factor of GHbr the chosen fuel
I CNC: Conversion factor fop@ emissions into G@quivalent emissions (varies from 265 to 3:
based on IPCC report year selected)
I CMC: Conversion factor for £emissions into CQOequivalent emissions (varies from 11 to &

based on IPCC report year selected)

TableO-1 Fuel Properties (IPCC2006)

Fuel density EF Cgkg/TJ) EF CHkg/TJ) EFNO NCV

[kg/L] (kg/TJ) (TJIGg)
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] 56 100 10 0.1 48
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3.3.2. Methanefrom treatment process
Methane emissions are calculated in the ECAM V2.0 tool for the following processes within the

boundary of the wastewater treatment plant:
U Methane emissions from wastewater treatmercluding onsite treatmen(Tiers A and B)

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

Methane emissions from wastewater treatment
The Input Data
In The ECAMool, the following data is required to estimate the GHG emissions from biogas for each
level of assessment:
At Initial asessment level, no additional inputs are required other than type of treatment
U 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
escapingiteatment in the effluent.
U The emissions from the poor aeration in the biological process are not included.
At Detailed GHG Assessment, the following data is required:
U Type of treatment
U Actual Influent and Effluent BQIbads.
U Actual BOPmass removedsasludge
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. Tade 32 for some of the MCFs
provided in the tool.
The computation

Wastewater teatment methane emission factor [kg&kyBOR] (IPCC, 2006)

%B&T 7T A0 (T THD # &
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Methane (C@e) emitted in wastewater treatment plants [kgeD (IPCC, 2006):

%&7 7 4 O# (T

Where:

9 0.6: maximum methane production capacity (kg@®@§BODR) as per IPCC (2006)
MCF: Tabled value$4ble 32)

Table0-2 Example Methane&Xrrection Factors for some types of treatmerftPCC2006
Type of Treatment MCF
centralized aerobic treatment plant (well managed) 0

Centralized aerobic treatment plant, with minor poorly aerated 0.1
zones(also applies to aerated aerobic lagoons)

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

Centralized aerobic treatment plant, Not well managed (also 0.3
applies to aerated aerobic lagoons)

Methane emissions from anaerobic digestion

The GHG emissions from methane in biogasasured in kg G® (kilograms Cg£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 bioga# it is flared or if it is valorised in a boiler or-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 00l 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
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typical flaring operations. If biogas is fully valorised, the Tool asstiméesio methane emissions
are released to the atmosphere.
The Input Data
In The ECAMool, 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 inpugsraquired.
U The biogas production is estimated based on the serviced population and defaytda®

specified, and typical wastewater composition and gas production ratios.

At Detailed GHG Assessment (Tier B), the following data is requested if:known
U The actual volume of biogas produced by the digester
U The actual volume of biogas valorised
U Actual influent and effluent BQoads
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 describegigue 3-2 below and is carried through

the tiers unless actual biogas production data is entered in Tier B.
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Gas production ratio 0.4 L gas/g DW .

Varies from 0.3 (no PS) to 0.5 L gas/g DW, . (with 2h
PS and no denitrification)

(%09-s5
u/q salen) sed

1915981p JO 1UBIUOD
BUBY}ALW 8455

Energy content of methane

10 KW/Nm'’ CH,

Figure 32 Organic Energy from WWTP Sludge DW=Dry Weight PS= Primary Sedimentation

Biogas produced (estimated at quick assessment vexsusl values at detailed assessment):

“Ei DOOAOAIKA

OAOOBABAI BOEKAIOA7 4 0bACGAIT O1
Ty C6 3C" / 81 1 AA8 . ,7C6 3Mp et PAAUO

A/QeA 1 ACKD AT\ B
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Where:

1 0.8: ratio of dry weight (g) adrganic matter (volatile solids) to B@Dad (g) entering the plant,
assuming a theoretical average for a well operated plant with primary sedimentation. This f
is derived from Svardal and Kroiss (2011).

I 1000: Unit conversion factor

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

1 0.59 % Ckin Biogas

1 0.66: kg CHINm?

1 Ap: Assessment period in days

aSiKlFIyS NBftSFaSR O0ATFT GKS dzaSNJKFa FyagSNBR |, 9
G2 GKS 1jdzSadAzy a! NB &2dz @It 2NRaAaAYy3T o0A23lF aKED
-ACOEARRAAGAAR mrq@ Ei OOO ACAD And ¢ o1

Where:

I 0.59 based on % Ghh Biogas

f 0.66:kg CH4/Nm

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

T 0.02: 2% of methane losses

Under Tier B: Detailed Assessment:

Biogas flared [Nf}

"ETl ERAOAET ©DOAGQALEA OADIT OEOAA

aStiKFyS NBtSFaSR 60ATFT (GKS dzaSNJ KFa FyagSNBR , 9{
G2 GKS 1jdzSadAz2zy a! NB e2dz Slft2NRaAy3ad o0A23l aKeé I yF

ECAMMethodology 23



Water and Wastewater Companies
for Climate Mitigation

WaCClLiM

- AROEARRAAGQAA A i@ ET @A A ORADT® @ Y
Wastewater treatment methane emission factor [kggBOR] (IPCC, 2006):
N T40HE [T THD #&

Methane (C@e) emitted in wastewater treatment plants [kgeD (IPCC, 2006):

%&7 7 A O ((T# - #

Where:
T 0.02: 2% of methane losses
I 0.59: 59% CHn Biogas
f 0.66: kg CHNm®
i CMC: Conversion factor for £émissions into CQOequivalent emissions (varies from 11 to @

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

1 MCF: Tabled values (Tabl@3

3.3.3.N20 from treatment process
Nitrous oxide (MO) emissions are calculated in the ECAM V2.0 to@rfossions 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 potentifar N;O emissions from the treatment process.
The Input Data

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

U The NO emissions are estimated based on the serviced population specified and IPCC
guidelines (2006).
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N,O emissions from wastewater treatment process [kON

.¢/ AT ECOECH O OAOCOBARAI AUGI410DA QR WogTp mTatpAA YO

! PAAUO

Where:

= =4 -4 -

1.25: fraction of industrial and commercial cedischarged protein perlPCC (2006).
3.2: N20 emission factor, 3.2 g N20O/person/year
1000: Unit conversion factor

Ap: Assessment period in days

3.4.5.GHG emissions related to sludge management
New in version V2.0 of the ECAIdol is the possibility to assess emissions frommd&

Management. The calculations are primarily based on the BEA&M(2009) methodology and

include GHG emissions from the following activities:

U Sludge storage (Tier B only)

U Sludge disposal (Tier A and B)

)l
)l
)l
)l
)l

Landfilling

Land application
Incineration
Composting

Stockpiling

U 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:

U Sludge produced (dry weight)

ECAMMethodology
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U Whether sludge is digested or not

In The ECAMool, tre following data is required to estimate the GHG emissions from sludge
YIEYyFE3aSYSyid G GKS aLyAGALFfée 1'aaSaavySyd tS@Sty

U Disposal method

U Biogas production (Yes or No).

This is asked for estimating biogas production; however, it is also used for sludgsatli§HG
emissions estimates, because if Yes, then tool assumes sludge is digested, and if No, then tool

assumes sludge is not digested.

In The ECAMOooI, the following data is required to estimate the GHG emissions from sludge
YFEYylFr3ASYSyid a GE8SaassSyat sSROStE Y

U Disposal method (if different in stdtages)

U Whether sludge is Digested or Ndigested sludgelf Digested, 40% volume reduction is
assumed

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

U Number of trips to disposal site

U Distance to disposal site

U Storage time
The computation

CANRGZ F+d GKS aLyAdGAlfé¢ 'aaSaavySyid €S@gStsx GKS
load/person specified, whether sludge is digested or not, and typical values of total and volatile
suspended solids for activated sludge processes. Based thorsludge 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 expecteat 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 actilaépercent

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 assessmemnswe actual values at detailed assessment):

Where:

1

31 OBAOA AOARDA E B 3
"/ Sl AGPDACOBI P33 ADO® DAAUT VpP X @

0.55 ratio of g volatile suspended solids to g of substrate (BOD) removed per Metcalf and
(2003).

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

1e-3: Unit conversion factor kg/g

1.176: Conversion factor, ratio of total suspended solids to volatikpended solids (g TSS/
VS$in typical activated stige per Metcalf and Eddy (2003).

Ap: Assessment period in days

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 excapt are stockpiling, which is based upon Majumdsral. (2014)

and Sludge storage methane emissiaihat is based on Daelmaet al. (2014). By clicking on the

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

ECAMMethodology 27



Water and Wastewater Companies
for Climate Mitigation

WaCClLiM

3.4.5.1. Sludgenanagement 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 calculatiqesvironmental, 2009).

Storage

Sludge storage methane emissions are based on Dae#hah (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 lesthan 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 (Cl) emissionstf compost piles are covered or process air is treated in a bigfilieyr

emissions are negligible; otherwise, small amounts are possible.

Nitrous oxide (BD) emissionsMinimal 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
# (Al EOOETAIAQ UA Oi
If composting air is released to the atmosphere and compost is < 55% Hudials,
#( Al EOCOE®T &N
Ol OREABCzpPT OCMHEDA OAOA 3 # (Al EOCOEHDI A1 OBBORA
#Ok (AT 1 OAZOED# O#
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Where:

56: % of organic carbon in volatile solids
51: % of volatile solids in digested sludge
70: % of volatile solids in natigested sludge
2.5: % of ClHemission for uncovered pile

1.3: C to Clonversion factor

= -4 -4 -8 -a -2

CMC: Conversion factor for gid CQ equivalent (varies from 11 to 34 based on IPCC report

selected)
Nitrous oxide (BD) emissions:
If C:N ratio is > 30, or C:N ratio is < 30 and compost is > 55% solids, then
N,O emissions (kg/day) = zero (0)
If C:N is < 30 and compost is < 55% solids, then

L cATEOOE®T @R Ol OBOAADGAD 01 OAL ¢ Al EOOHETA 1, -
LO0 cAT T OAZOEDD Dz # . #

Where:
T 3:%total N
T 1.5: % NO emissions for low C:N
9 1.57: N to MO conversion factor
I ONC: Conversion factor for,® to CQ equivalentc varies from 265 to 310 based on IPCC rep

yearselected
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Incineration (combustion)

Methane (Cl) emissionsCH, emissions from combustion are minimal.

#( Al EOOCE@®T &N

Nitrous oxide (BD)emissionsN,O emissions are the largest concern with combustion of biosolids.
They are caused mostly by thermal conversion of nitrogen (N) and by use diased SNCR
emissions control systems.
. ¢AI EOCE®T &N
PT &I OAIl AGGEI GChlom ™ 1 ® E E C EHORR AQOAI bz 18 p
2,0l ¢ ATT OAOOEA T

Where:

f oY #» G2GFrf b O0OGKAA A& RAFTFSNByld F2N¥ (KS
T 1.57: N to MO conversion factor
I CNC: Corersion factor for MO to CQ@ equivalentc varies from 265 to 310 based on IPCC rep

year selected

Land Application

Methane (Ck) emissionsMethane emissions are possible when biosolids are stored after

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

Nitrous oxide (BD) emissiond\,O emissions are possible when nitrogen fertilizers, irinyd
biosolids, are applied to soils. Emissions are likely greater when biosolids are appliedtéxtiined

soils and when solids are wetter (< 55% solidg &imissions are also possible during storage.

If the biosolids C:N ratio > 30, then
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N,O (kg/day) = zero (0)

If the biosolids C:N ratio < 30, then
.¢cAT EOCE®T &N
Ol ORGABC bl &I OAIPT &1 OAPDAITHARI AT A OODEAO
P AOEBGDAO ¢/z. Ol ¢ AT T OAOBE 1

3: % of total nitrogen in nedigested sludge

4: % of total nitrogen in digested sludge

2.3: % of N that goes to N20 from fitextured soil

0.5: % of N that goes to N20 from coategtured soil

1.57: N to NO conversion

CNC: Conversiomadtor for NO emissions intaCQ equivalent emissions (varies from 265 to 3:

based on IPCC report year selected)

Landfill Disposal

Methane (Cl) emissionsCH 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. Adidiiioinaal

emissions are created when the gslburned for heat or power.
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For fugitive methane emissions from biosolids decomposition in the landfill during the first 3 years

after placement:

#( Al EOOCE®T &N
Ol ORGABCZP6F bl OCMHEBR: oz #Ok ( AT 1T OAEARED
¢ (E1 AT KAOPAAAT | PE IBABIDOAD-O# &1 Alz AER] 1

Where:

56: % of organic carbon in volatile solids

51: % of volatile sals in digested sludge

70: % of volatile solids in noligested sludge

0.9: model uncertainty factor

1.3: C to CH4 conversion factor

50: % of CH4 in landfill gas

80: % DOGCthe decomposable organic fraction of raw wastewater solids
69.9: % decoiposed in first 3 years

MCFlandfill (methane correction for anaerobic managed landfdl$)

= = = = = = = = = =

CMC: Conversion factor for £emissions into CQOequivalent emissions (varies from 11 to &

based on IPCC report year selected)

Nitrous oxide (BD) emissiond:andfilled biosolids will likely be anaerobic or close to anaerobic,

resulting in potential BD emissions.

If C:N ratio is > 30, then

N20 emissions (kg/day) = zero (0)

If C:N ratio is < 30, then
. AT EOOCE@TI AN Ol OAgABCzp I &I OKIL ¢ Al EOOHIA M, 2
.0l ¢c AT 1T OAOBHE#1
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Where:
1 3: % of total nitrogen in nedligested sludge
1 4: % of total nitrogen in digested sludge
1 1.5: % of DO emissions for low C:N
 1.57: N to NO conversion
I CNC: Conversion factor fop® emissions into G@quivalent emissions (varies from 265 to 3:

based on IPCC report year selected)

Stockpiling
This part is developed based on Majumder et al. (2014)
Methane (Cl) emissionsmethane emissions from biosolid stockpiles is negligible

Nitrous oxide (BD) emissiond\,O 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.

E@/ AN Ol ORGABCz oz mdrmp

Where:

1 90.3: kg CO2 /Mg dry sludge. year
1 0.001: kg to Mg conversion factor

3.4.Indirect GHG emissions assessment

3.4.1.Grid electricity
The grid electricity GH@mission factor measures the kilograms (kg) of carbon dioxidg gndited

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 cdrbenTle emission factors
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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 dron the urban water industry potentially generating energy from
urban water (for instance pumps working as turbim®ATs installed into the distribution networks,

or in the wastewater treatment plants Combined Heat and Pog@HP engines running on bgas,

and heat pumps). In ECAM, users can apply the mix factor ({gVZIQ 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 tooshould be sed Daily time variations of the conversion factor,

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

3.4.2. GHGemissions fromcollected butuntreated wastewater
The GHG emissions from untreated wastewater dischang&sured in kg G@ (CQkilogram

equivalents), are based on:

U Amount of population without connection to the wastewater treatment system, and without
onsite treatment
U Amount of population with connection to the sewer, but not wastewater treatment

U Nitrogen(for ;O emissions) and BOD (for {&rhissions) content in the wastewater

The Input Data

In The ECAMOoo0I, the following data is required to estimate the GHG emissions from untreated

wastewater discharge

The following inputs are required in Populatioage 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 wastewateeatment

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 ¢ia{d€lines igure 33).
The computation

Based orthe 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 B@iedetontent.

N,O emissions from untreated wastewater direct discharge by utility [kglQ@CC, 2006):
. AT EOCE®T OA 01 DOI ADET AGIKDAA ADO ALIO @WAT U7 4 2
DOl CGABMLG v @ pPzpg VZTBI TV T WG Pz # . #

CH emissionsrom untreated wastewater direct discharge by utility [kg€]QIPCC, 2006):
#( AT EOOCE®T QA ol DOI ADET AGKDMAX A OO AHIOI WA T U7 4 2
" o uTeA A ZQE o2 # - #
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Where:
1 Serv. Pop.: the number of service populationvi@stewater (see Fig-3)
9 Protein: annual per capita protein consumption, kg/person/yiufge FAO Statistics Division)
1 0.16: FNPR = fraction of nitrogen in protein, default = 0.16, kg N/kg protein
 1.1: FNONCON = factor for neanonsumed protein added to thwastewater (1.1 for developec

countries)
I 1.25: FINBCOM = factor for industrial and commercial-discharged protein into the sewe!
system. (default is 1.25 but use 1 if there are no industrial or commercial connecting wit
onsite treatment)
0.005: Enssion Factor Effluent (kg N20kg N) (Tabled value)
44/28: is the conversion of kg,®&N into kg NO
365: Days per year

= =4 -4 =2

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

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

I CNC: Conversion factor fop®l emissions into G@quivalent emissions (varies from 265 to 3:
based on IPCC report year selected)

I CMC: Conversion factor for £emissions into CQOequivalent emissions (varies from 11 to &

basal on IPCC report year selected)

I BOD: g/person/dayfrom IPCC guideline3¥ble3-3)

9 1000: Unit conversion factor

Table0-3 BOD values in domestic wastewater adapted from (IPCC, 2006)

EstimatedBODL values in domestic wastewater for selected regions and countries

Country/Region BOD (g/person/day)
Africa 37
Egypt 34
Asia, Middle East, Latin America 40
India 34
West Bank and Gaza Strip (Palestine) 50
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Japan 42
Brazil 50
Canada, Europ&ussia, Oceania 60
Denmark 62
Germany 62
Italy 60
Sweden 75
Turkey 38
United States 85

3.4.3. GHG emissions from untreated wastewatanot connected to sewer network

Based on the input data entered in the tool, the following will be computeédstimate the GHG

emissions from untreated wastewater discharge that the utility is not responsible tfos

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

N,O emissions from untreated wastewater direct discharge not serviced by utility jeyCRCC,

2006):

L cAT EOOE®T 6 A

2A0EARDOI ADEDHOI ADET AGKDMA ADOT GARBMLG v

CH emissions from ntreated wastewater direct discharge not serviced by utility [kggLQPCC,

2006):

#CAT EOOEG NI OA 2A0EBRDOI ADEDOI ADET AGKDARA AOQ / o mrem

AA UGS oz # - #
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Where:

1 Protein: annual per capita protein consumptidkg/person/yr (use 20.8 for Thailand, 24.5 fc
Peru, and 33.6 for Mexico (source FAO Statistics Division.))

1 0.16: FNPR = fraction of nitrogen in protein, default = 0.16, kg N/kg protein

1 1.1: FNONCON = factor for nenonsumed protein added to the wastewatét.1 for developed
countries)

1 1.25: FINBCOM = factor for industrial and commercial-gischarged protein into the sewe!

system. (default is 1.25 but use 1 if there are no industrial or commercial connecting wi

onsite treatment)

0.005: Emission Faat&ffluent (kg BD-N/kg N) (Tabled value)

44/28: is the conversion of kg,&N into kg NO

365: Days per year

0.06: EFj (kg GHtg BOD) (This value comes from the multiplication of Bo (k¢k@IBOD) (= 0.6)

= =4 a4 -

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

I CNC: Conversion factor fop@ emissions into G@quivalent emissions (varies from 265 to 3:
based on IPCC report year selected)

I CMC: Conversion factor for £emissions into CQOequivalent emissions (varies from 11 to &
based on IPCCpert year selected)

i BOD: g/person/dayfrom IPCC guideline€)able 33)

1000: Unit conversion factor

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

wastewatersystem, measured in kg g&XCQkilogram equivalents), are based on:

U Treatment by septic system

U Nitrogen (for NO emissions) and BOD (for {&rhissions) 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.
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The Input Data

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

treatment:

U The followingnput is required in Population page to determine the nitrogen and BOD load of
the wastewater based on default protein consumption and BOD loading/person:
1 Population with onsite treatment
U In Configuration, default values for protein consumption, to detre 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 thie utility is not responsible for:

N,O emissions from wastewater discharge from population with onsite treatment not serviced by
utility [kgCQe] (IPCC, 2006):

PPz I MY T HQ Yz # . #

Methane (C@e) emitted from onsite treatment [kgG€] (IPCC, 2006):
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Where:

9 Protein: annual per capita protein consumption, kg/person/yr (268 for Thailand, 24.5 foi
Peru, and 33.6 for Mexico (source FAO Statistics Division.))

1 0.16: FNPR = fraction of nitrogen in protein, default = 0.16, kg N/kg protein

I 1.1: FNONCON = factor for nenonsumed protein added to the wastewater (1.1 for develdp
countries)

1 1.25: FINBCOM = factor for industrial and commercial-gischarged protein into the sewe

system. (default is 1.25 but use 1 if there are no industrial or commercial connecting wi

onsite treatment)

0.005: Emission Factor Effluent (kg)M/kg N) (Tabled value)

44/28: is the conversion of kg,®&N into kg NO

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 frequt

EF(onge)CH4 = 0.3: This value comes from the multiplication of Bo (ktkgcBOD) (= 0.6) by

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

= -4 -4 - -a -2

I CNC: Conversion factor fop@ emissions into G@quivalent emissions (varies from 265 to 3:
based on IPCC report yeselected)

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

1 BOD: g/person/day (from IPCC guidelinésgble 33)

9 1000: Unit conversion factor

3.5. Assessment of other indireeimissions

Other sources of indirect GHG emissions resulting fromitoperations included in the scope of

the project include the following:

CQ, CH, and NO emissions from sludge transport edite:
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These emissions are related to the vehicle fumlsumption in the transport of sludge edfte from
the WWTP. They can be directly related to performance/operationsienbecause 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.
N,O emissions from effluent discharge in receiving waters:

N,O can be indirectly (o#ite) emitted from WWTPs in receiving waters from the conversion of the

nitrogen in the effluat by various nitrifying and denitrifying bacteria cultures. This can be directly
related to onsite operations, specifically the nitrogen removal performance of the WWTP, as the
emissions are estimated using a default emission factor per IPCC guid2Ddé&3 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 effluat.

3.5.1.GHG emission$rom truck transport of water or sludge
The method for estimating GOCH, and NO emissions from ocgite stationary combustion, such as

from engine generators and drives, will be based upon the IPCC guidelines (2006), V(Himasyg),
Chapter 3: Mobile Combustion. For estimating,@missions, Equatior8.2.1 from the IPCC
guidelines is applied, which is based upon the fuel consumed and a default emission factor based on
fuel type. For estimating GHind NO emissions, Equan 3.23 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,gg ©@@®kilogram

equivalents), are determined by two factors:

U EngineFuel Type (Diesel, Petrol or Natural Gas)

U 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 ECAMool, the following data is required to estimate the GHG emissions from truck

transport:

U The engine fuel type is to be selected by a drop down menu, where the user can
select thefuel type. By default, the assumed fuel is Diesel.

U Volume of fu¢used (for drinking water and water reuse only).

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

U The distance to the disposal in km of driving (for sludge omhe way).

For sludge, since the trucks are normally owned by a private hautenainowned 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 itisormallyll KS dziAf AG@Qad NBalLlRyairoAafAde G2 RSt
requested since the utty normally tracks this information as part of its operating costs. However, if

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

consumption factor, the distance wovereach trip, and the number of trips.
ThisA Y F2NX I GA2y Aa NBljdzSadSR 2yfte d GKS a5SalAf SR
The computation

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

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

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

%l AGOEKI TIOOOO0KEA @Al . Oi AIA@O BILE OO B&AOT OOAED
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Where:

1,000,000: For units conversion
I NCV: Net Calorific ValuggJd/Gg] (43 for DieseFuel Density (FD) and Net Calorific Vall
(NCV) factors are related with the type of fuel and there are tabled values from the

guidelines (Table-38).

%l EOOEQDIODIDE BAICA % &< %l AGEDAIN 1 OO0 A&/ &g/ B . #
W& HEH - #

EFCQ: Emission factor of G@or the chosen fuel

1 EFN,O: Emission factor of J for the chosen fuel

1 EFCH: Emissiorfactor of CHfor the chosen fuel

I CNC: Conversion factor fop®l emissions into G@quivalent emissions (varies from 265 to 3:
based on IPCC report year selected)

I CMC: Conversion factor for gemissions into CQOequivalent emissions (varies from 14 84

based on IPCC report year selected)

Table0-4 Fuel Properties

Fuel density EF C@kg/TJ) EF Ch{kg/TJ) EFNO NCV

[kg/L] (kg/TJ) (TIIGQ)
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/n7] 56 100 92 0.2 48

3.5.2. GHGemissions from treated effluent discharge
The methodology to be followed for estimating@emissions from receiving waters -sfte due to

wastewater effluent is based upon IPCC guidelines (2006), Volume 5 (Wastes), Chapter 6:
Wastewater Treatment and Discharge. Specifidajyation 6.7f the guidelines will be used, which

is based upon thaitrogen in the effluent and a default,® emission factor (0.005 kg N2O/ kg N).
ECAMMethodology 43



Water and Wastewater Companies
for Climate Mitigation

WaCClLiM

The uncertainty of this emission factor is rather high, as the possible range of values per IPCC is
0.0005¢ 0.25 kg NO-N / kg N. However, as previously mentioned, thdirect 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 disckargeasured in kg GO (CQ kilogram equivalents),

are determined by one factor:

U 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 hput Data

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

effluent discharged at both the Initial and Detailed Assessment levels:
U Average total nitrogen concentration in the effluent limit.
The computation

Basal 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:
. ¢ EOCE®T QA
I OAOAEBOACRAAT EOABEIEI D& DOTITEOA AGQHOA x A 6 Aon nat
TBIML T AQ Y Z2# . #
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Where:
9 1000: conversion of units
9 0.005: Effluent (kg $0-N/kg N) NO emission factor
1 (44/28): is for the conversion of kgp@®N intokg NO
I CNC: Conversion factor fop@ emissions into G@quivalent emissions (varies from 265 to 3:

based on IPCC report year selected)

3.6. Performance indicatorand methodology

The typical Performance Indicators (Pls) to be used in the project arel hgsen the IWA PI
frameworks that havéeen broadly and successfully used worldw{@abreraet al.,2011).
A performance indicator is a measure of the efficiency and effectiveness related to specific issues of
the delivery of the services by amdertaking. A Pl can be dimensionless%) or intensive (e.g.
kKWh/m®).
There are3 types of Performance indicators:
1. YS@ LISNF2NXI YOS AYRAOFIG2NABE 61t Lavdenargh@ OA RS
GHG.
2. Context Pls. Provide context informati about the stage (e.g. sludge quality is related to
energy consumption)
3. Service level Pls. Provide more information on service level. Limited number of key quality of
service indicators that need to be taken into account when interpreting monitaesglts
of direct and indirect emissions. For instance, emissions peofrtreated water may
increase if the level of treatment increases; emissions p&ofrauthorized consumption
may also increase if there were insufficient pressure in the baselinérensituation 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
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Interpreting performance indicatorand benchmarks

Two examplesre provided below on hownergy performanceutcomes can be interpreted. Both

examplescorrespond to water pressurized transport (pumping stages):

U The energy required to elevate 1°mne hundred meters (or, to increment its pressure
into 9.81 bar), is exactly.®725 kWh/ni. Assuming a global inefficiency (mainly pump
and electric motor drive), of 0.70, a reasonable valuedsk®Vh/nt. If water is pumped
in a well, an elevation of 10@ and the calculated value of the indicator results iA00
kWh/m?3, it is evident that there is room for improvement.

U At the distribution stage the evaluation is a bit more complex because inefficiencies can
be due not just to poor performances of the pping 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 thaility) 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 inefficientiast be activated.Overall,
t2 FaasSaa (GKS aeadsSyQa LISNF2N¥YFyOoS i SrOK adtr 3

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

Important: Users shouldalways analysethe performance ingtators and benchmarks applied
cautiously keeping in mind the specific characteristics of the systermuayndoperating conditions

as well as taking into account the quality of input data and potential uncertainties involved (section
3.8).

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

Biogasc for estimations made on Biogas producedfnMethane content of biogas (%), and

Valorisingoiogas see section 3.3d? this document
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WWT type and esthationsg

Influent BOR

YT EI'OASEC "/ SGEIA 23 ADO® OATpimim

Where:

BOR: BOR gram per person per day default values based on the selected country (see 73bl
Serv. Pop.: the number of service population for wastewater [Sget3)

1000: conversion of g to kg

= =4 4 -

AP: assessment period (days)

Effluent BOR

%A OAISBC ™z ) 1 £l "OAd B

Where:

1 BORInfluent: BODR (kg) calculated
T 0.1: 10% of the influent BOD is assumed to be in the effluent

BOD removed adudge:
31 OAEQA ) T £1"OAdEXG2p | &l OBQRAOAAA

Where:

1 BORInfluent: BOR (kg) calculated
1 % of sludge produced: it depends on the type of treatment (Takde 3

ECAMMethodology

47



Water and Wastewater Companies
for Climate Mitigation

WaCCliM

Table3-5 Percent ofsludge produced and methane emission factor feastewater treatment technologies

Main treatment type Percent CH emission factor
Activated sludge well managed 65 0
Activated sludge minor poorly aerated zone 65 0.06
Activated sludge some aerated zone 65 0.12
Activated sludge not wellmanaged 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
UASRB; CH4 recovery not considered 10 0.48
UASR; CH4 recovery considered 10 0.3
Wetlandsc surface flow 30 0.24
Wetlandsc horizontal subsurface flow 65 0.06
Wetlandsc vertical subsurface flow 65 0.006

Methane emssionfactor

-ACEAT BOZEEABI@Q IC" / $ AACAIDUD BMOAAOUVMAE | €1 AAdBA

Sludgemanagementg

Sludge total weight (kg): section 3.4.5.

Dry weight in sludge produced jkdghe dry solid content is assumed to B&b6

31 OAQRAECE® 31 OABE CE@mat t

Where:

9 0.04: the dry solid content is assumed to be 4%

ECAMMethodology”\WaCCliM

48



Water and Wastewater Companies
for Climate Mitigation

WaCClLiM

3.8.UncertaintyAnalysis

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 defaukdtors appliedThis sectiorprovides further information about

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

Fossil fuels

Emission factors uncertaintythe 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 €émissions from fossil fuels combustion is relagvMew. There

may be differencein the uncertainies based on the type of the fuel. On the other hand, emission
factors for CHl and particularly DO are highly uncertain. This could be attributed to lack of
appropriate measurements and subsequent geneedion, 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 uncertaintyGererally the uncertainty in activity data tke result of systematic and
random errors. The uncertainty resulting from the two errors combined could be up to + 1@perce
for countries with less welleveloped energy data system (IPCC, 2006).

Emissions fromthe road transportation, such as the emissions from sludge transport, roughly
consists of 97 percent G to 3 percent pD and the rest to be GHAs a consequence, the effect of
higher uncertainty related with 0 and Chare dominated by the large G@art. 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 ihable 36 andthe following parameter is very uncertain (IPCC, 2006):

I The extent to which wastewater treated in latrines, septigkis.or removed by sewer

ECAMMethodology 49



Water and Wastewater Companies
for Climate Mitigation

WaCCliM

Table 36 Default uncertainty ranges for domestic wastewater (adopted frdfRCC, 2006

Parameter Uncertainty Range

Emission Factor

Maximum Chlproducing + 30%

capacity (B

Fraction treated anaerobically The MCF is technology dependent. See Table 6.3. Thu
(MCF) uncertaintyrange is also technologiependent. The

uncertainty range should beéetermined by expert
judgement, bearing in mind that MCF is a fraction and
must be between 0 and 1. Suggested rangespaiovided
below.

Untreated systems and latrines, + 50%

Lagoons, poorly managed treatment plantst 30%
Centralized well managed plant, digester, reactor, + 10

Activity Data

Human population (P) + 5%

BOD per person + 30%

Fraction of population income Good data on urbanization are available, however, the

group (V) distinctionbetween urban high income and urban low
income may have to bleased on expert judgment. + 15%

Degree of utilization of Can be as low as * 3% for countries that have good

treatment/discharge pathway records and onlpne or two systems. Can be + 50% for

or system for eacincome individual method/pathway.

group(Ti,j) Verify that total Ti,j = 100%

Correction factor for additional For unollected, the uncertainty is zero %. For collected
industrialBOD discharged into the uncertainty is + 20%
sewers (1)

According to the IPCR006) there is a large uncertainty related with the default emission factors for
N,O from effluent. The range of uncertainty for,I emission factors thais based on expert

judgement is presenteth Table 3-7.
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Table 37 Default uncertainty ranges for domestic wastvater (adopted from IPCC, 20p6

Parameter Definition Default value Range

Emission Factor

ERrriuent  Emission factor, (kg 8-N/kg ¢N) 0.005 0.0005
0.25

ERiant Emission factor, (gX/person/year) 3.2 2-8

Activity Data

P Number of people in country Countryspecific +10 %
Protein Annual per capita protein consumption Countryspecific +10 %
FNRP Fraction of nitrogen in proteifkg N/kg 0.16 0.15
protein) 0.17
ToLanT Degree of utilization of large WWT plant Countryspecific +20 %
Fvoncon Factor to adjust for notonsumed 1.1 for countries with no  1.0-1.5
protein garbage disposals, 1.4 fo
countries with garbage
disposals
Fnpcon Factor to allow for calischarge of 1.25 1.015

industrialnitrogen into sewers. For
countries with significanfish processing
plants, this factor may be higher.
Expert judgment is recommended.
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4 Guidance scenarsg

In this part of the guide explanations are given for sokeg-inputs required in ECAM tool his
chapter also provides suggestions on how to use ECAM for various systemtdagnd for specific
scenarios.

4.1.Population

In ECAM tool, the type of populah 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 populati data required could be categorized as follows:

4.1.1.Water supply

Resident populatiorMumber of permanent residents within the drinking water utility area of service,
regardless of whether they are served or not by the utility.

Serviced populatiorServiced 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 sewerblumber of permanent residents with the wastewater utility
service area, which are connected to the sewer system as of the reference date.

Serviced populationServiced population refers to the number of permanent residents within the
wastewater utility service area, whose wastewater égaiving 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.

Wastewater

~
Connected to
Unconnected to
sewer (Connected
sewer
pop.)
|

Not treated at Onsite collection Direct discharge to
WWTP (Discharged (Pop. with onsite env't (Discharged
without treatment) sanitation) without treatment)

Treated at WWTP
(Serviced Pop.)

Figure 41 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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Fgure 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/nonrainy season. The wet weather flow is the average daily influent flow duringwsather

days, days in which there was rain.

Infiltrations and infbw in the wastewater systenSignificant 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 andweetther flows,
rain-derived infiltration and inflow (I/l) can easily be estimated and used to see GHG benefits of

reducing this I/I.
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4.3.Soil typologyfor sludgeapplication

N;O emissions are possible when nitrogen fertilizers, including biosolidsappted to soils.
Emissions are likely greater when biosolids are applied totéireired soils and when solids are

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

N;O are increased when available (mineral) nitrogen (N) is invaokygen (O) or anaerobic matrix.
Finetextured soils and moisture promote these conditions. For this reason, the BEAM outputs a
higher level of BD emissions if the soil is > 30% clay {fewured). (Environmental, S., 2009; BEAM

tool)

In case ofuncertainty about the class of soilwhether it is fine or coarse texture, the user is
recommended to take a conservative approach and selecttértired soil until such a time the soil

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

4.4 \Nater 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 avoidaat ljscharging 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 k\Whinfor each stage. This
allows the impacbf various type®f reuse to be assessed. For example, if the utility is considering
to reuse wastewater to replace potable water use for fumiable purposes (i.e. using drinking water

to irrigate), the impact of thisan be quantified in the Opportunities Page basedrufiee KWh/nt in

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

discharge in the Wastewater Discharge/Reuse stage.
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4.5. Multiple wastewater treatmenprocesgs

45.1. Two ormore treatmentprocessesn series

EF for AS EF for wetland

Discharge/

Effluent-1 BOD/N
Effluent-2 BOD/N

Influent BOD/N

Activated
sludge (AS)

Inflow-2 BOD/N

Figure 44 Two separate treatment processes in series

If the utility has two or more wastewater treatmem¢chnologiesin 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 tttal for the utility. The

following inputs need caution while filling out.

U BOD the BOD for the first treatment ithe line is the same as the inflowut the influent
BOD loado the next treament technologymust be the effluent BOIbad of thepreceding
treatment, as long as the inflow to the system is only from the outflow of the preceding
technology
For example, in Fig.4i.the BODnflow load to lagoors the same as the effluent &fS.

U Nitrous oxide from treatmentthe calculation used ilECAM tool considers nitrous oxide
emission based on serviced population for all advanced treatment technologies. So, the
nitrous oxide emission from treatment system in sesésuldbe calculated only once based
on serviced population.

U Storage time for Isidge 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.

ECAMMethodology”WaCCliM 45



Water and Wastewater Companies
for Climate Mitigation

WaCClLiM

For example, irfrig.4-4, the sludgegrom AS is different form the sludge form lagoomaany
ways. So sludge management assessment has to be done independently for each case.

U Number of trips to sludge disposal giteistance to sludge disposal sité the sludge is
transported to the same site from the same source location, the numberpddistance to
disposal sitecan be summed and it could be addressed as a single system. But, if the sludge
from one technology, for exampl&S is transported to locatioh and the sludge from the
next treatment, in this example lagoon, is transported ¢zdtion 2, do not suraup the
trips/distance to get the total number of tripgotal distance covered but assess each
independently and the GHG emissions can be addegbt the overall condition of the utility

U Sludge type disposed dEven if assessing ttodigested 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 thiseeds to be assessed independently.
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45.2. Two or more treatments in parallel or different locations

EF for lagoon

EF for AS

Discharge/
Effluent-2 BOD/N

Influent BOD/N Activated Effluent-1 BOD/N
sludge (AS)

Inflow-2 BOD/N

EF-UASB EF-wetland

Discharge/
Effluent-2 BOD/N

Influent BOD/N Effluent-1 BOD/N

Inflow-2 BOD/N

Figure 45 Two separate treatment processes/facilities in parallel

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

U BOD:the influent BODfor treatment technologies/plantsn parallel or located in different
locationsis the same as the inflote their respectivdocation/part
For example, in Fig.%.the BOOor ASinflow is different from the inflow tothe UASB.
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In ase if there aremore treatment technologies in series at two different locations or
parallel systems, as showim Fig. 45, the seriesparts for each location need to be
considered as presented gection 45.1 and therthe parallel systems can be compdte

U Nitrous oxide from treatmentthe 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 diffelocations has
to be calculated separately for each based on their respective serviced populatiaer.

U Storage time for sludgdor sludge from the treatment systems paralle| the time sludge is
stored before further treatment or transporting to disposal, should not be added.

U Number of trips to sludge disposal site/ Distance to sludge disposalifsites sludge is
transported to the same site from the same source locattbe, 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 tbéher facility is
transported to location 2, do not swup the trips/distance to get the total number of
trips/total distance covered, but assess each independently anddta¢ GHG emissions can
be added to get the overall condition of the utility.

U Sludge type disposed diven if assessing both digested and gedied 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 assesse@pendentlyusing two different ECAM files

U Fluidized bed furnace temperaturié: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 inerator.
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