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My journey measuring GHG emissions in the UK water sector 

2021 
Measurement 

started 

2022 
Community of Practice 

Start-up 

2023 
Improving UK GHGI 

and funding R&I 

2023 
Review of progress 

Good Practice Guide 

Typ 
b 

Reduce risk through 
maintaining carbonaceous 
treatment 

Risk of partially nitrifying works. Partial 
nitrification appeared evident given nitrate and 
nitrite concentrations and measured N2O which 
was greatest in Lanes 4 and 3. 

Typ 
d 
y g 

Mitigation yet to be well 
established but likely with 
load balancing and air supply 

Nitrifying fixed film processes such as the BAFF 
at CW have been recognised to have potential for 
high N2O emissions and mitigation evidence 
remains lacking. 

A 
p DO 

Increase DO to satisfy 
nitrification (where 
nitrification intended) 

Very low DO/fairly low DO in 2 aeration zones. If 
consistent low DO operation and nitrifying 
biomass, this could promote SND in a site like CW 
with lower DO operation. This could produce and 
reduce N2O emissions. 

A 
p DO 

h gh 

Reduce DO and avoid 
excessive aeration through 
process optimisation 

In nitrifying sites, high DO and associated high air 
flow can result in high emissions relative to 
optimised site. Simple set point changes may be 
possible. Not an issue at CW where DO levels are 
not excessive in ASP. 

2019 
Desk-top review 

2023 
Fate of biosolids 

and nutrients and 
GHG – Environment 

Agency 
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emissions, 2022 

(Very) recent R&D and evening viewing on GHG measurement which 
summarises global practice, best evidence and experience to date 

International Water 
Association Masterclass 

series on Scope 1 

UK Government, 2023 
Masterclass 1: https://youtu.be/KW-0MyYnWQU?si=TGjsj66-wtrnNBtN 
Masterclass 2: https://youtu.be/VQNeznELmh4?si=8G-G8wEWOyakxKrd 
Masterclass 3: https://youtu.be/eLTAxkJkYm0?si=TtVRm7bHIQ652VTV https://randd.defra.gov.uk/ProjectDetails?ProjectId=20451 
Masterclass 4: https://youtu.be/VbNc3hYJjSE?si=sTQ-0Xwk-owqiPvc 

UK Water Industry Research, 2023 
Webinar 4: Life Cycle Analysis https://youtu.be/fT_SzTuWhJw?si=OCzLtkwAnwdkkEUO 

International Water Association 
Series, Danish lessons for 

global practice, 2023 

Webinar 1: Towards a Climate Neutral Water Sector: the Nordic experience 
https://youtu.be/wvpIv3tSKpw?si=PB_q1R6oNf2jAq5s 
Webinar 2: N2O https://youtu.be/-szhUdQpYqA?si=OCahjYWa0GSlOvvD 
Webinar 3: CH4 https://youtu.be/FvjdxKpY_ jA?si=bl1tvMQ8dHAqTTJS 

https://ukwir.org/water-industry-research-report?object=940bba8a-048a-4665-b344-11fba7187af3 
https://ukwir.org/c0397784-85ad-4ae7-acaf-6c455fd341d5?object=12c38fea-3890-48d8-abb0-a17d7bc6d347 ©Jacobs 2023 

https://ukwir.org/c0397784-85ad-4ae7-acaf-6c455fd341d5?object=12c38fea-3890-48d8-abb0-a17d7bc6d347
https://ukwir.org/water-industry-research-report?object=940bba8a-048a-4665-b344-11fba7187af3
https://youtu.be/FvjdxKpY
https://youtu.be/-szhUdQpYqA?si=OCahjYWa0GSlOvvD
https://youtu.be/wvpIv3tSKpw?si=PB_q1R6oNf2jAq5s
https://youtu.be/VbNc3hYJjSE?si=sTQ-0Xwk-owqiPvc
https://randd.defra.gov.uk/ProjectDetails?ProjectId=20451
https://youtu.be/eLTAxkJkYm0?si=TtVRm7bHIQ652VTV
https://youtu.be/VQNeznELmh4?si=8G-G8wEWOyakxKrd
https://youtu.be/KW-0MyYnWQU?si=TGjsj66-wtrnNBtN


 

       

 

        

     

 
     

   

          

         

   
     

         

Recommendations from research projects (links in prior slide) 

 Start measuring 

 Do National Monitoring Programmes (e.g. Danish; approx. $500,000, 9 WRRFs) 

 Develop improved sector level guidance 

 Mitigate emissions 
− Stop methane leaks at AD facilities 
− Process optimisation for N2O 

 R&D to reduce emissions – low N2O technologies, abatement, N recovery 

 R&D incentives for mitigation – e.g. tax, improved cost data 

 Abatement costs limited 
− Methane $350/tCO2e, range -$2,800 to $5,000 
− Nitrous oxide $65-$500 /tCO2e; campaign costs $60,000-80,000 per WRRF site 

©Jacobs 2023 5 



 

    

 

Greenhouse gas emissions from WRRFs 

IWA, 2023 

https://iwa-network.org/publications/greenhouse-
gas-emissions-and-wwrfs/ 

©Jacobs 2023 6 

https://iwa-network.org/publications/greenhouse


 

        
       

    

 

As carbon intensity of electricity generation decreases, process 
emissions of N2O and CH4 become key for WRRFs 

Anglian Water Route Map, 2021 

OWID, 2023 

©Jacobs 2023 7 



 

            

 
  

 

         
      

   

   
  

 
   

 

Process emissions of CH4 and N2O are also key on life cycle carbon basis 

Influent, effluent 
and direct emissions 

of methane 

Embodied carbon in 
sewer network and 

WwTWs 

Direct and effluent 
emissions of nitrous 

oxide 

Evaluation of greenhouse gas emissions from the European urban 
wastewater sector, and options for their reduction 

Parravicini et al. 2022 

©Jacobs 2023 8 



 

           
    

 

  
 

  

 
 

 

 

 

 

 

  

    
 

  
  

 
  

  
  

             

  

 

Biogas energy
recovery

Biosolids beneficial reuse or

We know where our significant GHG emissions are generated and where 
we can take action 

Carbon dioxide (CO2) Methane (CH4) Nitrous Oxide (N2O) 
GWP = 1 GWP = 28 GWP = 265 

Effluent Discharge 
Sewer System 

Primary Clarifiers Aeration Tanks Secondary Clarifiers Headworks Raw Sewage 
Pumping Station 

Combined sewer 
overflows 

Biogas Combustion 

Stormwater Discharge 

Biosolids Management 

Sludge Thickening Biosolids Dewatering 
Anaerobic Digestion 

Sidestream treatment 
resource recovery 

Adopted from WEF Factsheet “GHG Sources and Sinks for WRRFs” (2021) GWP: Global Warming Potential ©Jacobs 2023 9 
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We know how to reduce GHG emissions of CH4 and N2O 

 Stop leaks, cover tanks 

 Optimise process 

 (all requires measurement) 

10 



 

        

 

    

   

 

 

   

   

  

   

      

Everything starts with measurement and we know our options 

Site-wide 

Process unit-level 

 Captures all emissions (that day/week) 

 Campaign based (not continuous) 

 Limited granularity 

 Compare, prioritise 

 Much CH4 work, some N2O 

 Discrete (methane leak detection) 

 Continuous (liquid/gas N2O) 

 Captures seasonal/operational variation – key 

 Supports process understanding, root cause, mitigation 

©Jacobs 2023 
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Methods used at scale 

Site-wide 

Process unit-level 

IWA, in publication 
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Progress in measuring N2O emissions (vast majority process unit level) 

Netherlands 

Denmark 

United Kingdom 

Sweden Germany 

Austria 

Switzerland 

Measurement 
Mitigation 

Australia 

New Zealand 

United States/Canada 

Spain 

France 

EF 



 

        

 

 

 
 

Progress in measuring CH4 emissions (site and process-unit level) 

Netherlands 

Denmark 

United Kingdom 

Sweden 

Germany 

United States 

Austria 

Switzerland 

Process unit 
Facility level 

©Jacobs 2023 
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Lessons we have already learned to date 

Mitigation 
potential 

and action 

Data use 
and 

analysis 

Campaign 
design and 
duration 

Monitoring 
and data 
methods 

Site 
selection 

INTENTION AND PURPOSE OF CAMPAIGN 
To mitigate? 

To prioritise ? 
Benchmarking 
for national EF? 

How to be 
consistent, 

comparable? 

Data science, 
modelling 

approaches; 
quality of data and 

analysis 

Highly dynamic, 
seasonal, spatial 

emissions 

What sites 
are most 

appropriate? 

Who does 
what? 



 

       

 
 

 

  
 

  
 

    
 
 

          
   

    
  

  

Where can we look for good practice? 

1. 
Introduction 

and 
background 

2. GHG 
reporting 

protocols for 
process 

emissions 

4. Monitoring 
considerations 

3. Monitoring 
Process 

Emissions 

Linked best practice industry case studies – examples of selection of 
sites, prioritisation, methods, interpretation 

7. Bibliography 5. Mitigating 
N2O Emissions 

6. Mitigating 
CH4 Emissions 

©Jacobs 2023 16 



 

      

         

Methods and monitoring techniques – demonstrated at scale 

Quantifying and Mitigation Process Emissions, Good Practice Guide, UKWIR, 2023 

©Jacobs 2023 17 



 

    

   

      

      

   

  
    

 
   

    

  

Methane CH4 quantification – site level 

 Inverse dispersion modelling (IDMM) 

 Differential absorption light detecting and ranging (DIAL) 

 Mobile tracer gas dispersion modelling (MTDM) 

 Drone flux method (DFM) 

Concentrations + 
weather data + inverse 
dispersion modelling 
Wind data is key | 

Image courtesy Explicit 

Image courtesy NPL Image courtesy NPL 
©Jacobs 2023 18 
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Methane measurement – process unit level 

 Sweden programme 
− 25 biogas plants 
− 30 upgrading plants 

35% biogas/38% biomethane 

Quantitative at process unit level but expects AD facilities to have proactive LDAR in place 

Self-monitoring of methane emissions - Avfall Sverige 



 

     

        
      

    

         
     

      

Danish national methane monitoring programme 

 Multiple methods | certified laboratory measurements | data 
collation and reporting | included mitigation 

 Has supported Denmark GHGI 

 Has informed regulation Denmark - 69 biogas facilities – 7.5% ave WRRFs 
2-15% of biogas produced for WRRFs 

Scheutz & Fredenslund, 2019 Danish Energy Agency, 2021 

©Jacobs 2023 20 



 

        

        
       

            
          

       

     
            

             
      

          

       

     

          

           
          

    

(FID plus air flow assessment)
s can be important

thods exist
ty campaigns

raints of site/campaign

ark)

ing certainty and HSE

Summary – good practice for methane measurement campaigns 
 Process unit level – leak detection and repair, quantification

− Initial characterisation of leaks and follow up surveys
− Can be qualitative (e.g. thermal imaging with OGI) or quantitative 
− Suited to leaks from tanks/covers/pipework/valves – PRV setting 
− May not pick up every emission source

 Site level – quantification of emissions
− Tends to be campaign based though can be fixed; continuous me 
− Provides a site baseline at point in time, comparable if high quali 
− May not allow pinpointing of emissions sources

 Multiple proven and emerging methods exist – depending on const 

 Monitoring, verification, reporting approaches exist (Sweden, Denm 

 Has led to demonstrated mitigation (Denmark)

 Required to design mitigation interventions with sufficient engineer 

ISO/BS Standards for gases, components exist but not for methodologies or 

©Jacobs 2023 

for N2O or CH4 specifically. These are work in progress globally. 
Good LDAR examples exist already. 



 

      

       

   
   

     

     

National nitrous oxide monitoring campaign – Denmark 

• $500,000(!) co-funded from EPA 
• High variation (0.24 – 1.24N2O_N/TNinlet) 
• Increased emissions from higher loaded 

WRRFs 
• High emissions from sidestream processes 

(4-6%N2O_N/TNin ) 

Results from Danish National Monitoring Programme MUDP (2020) 

©Jacobs 2023 22 



 

      

 

Danish monitoring programme and ongoing work 

IWA, 2023 

©Jacobs 2023 23 



 

       

      

   
     

      

         

   

     

Conclusions from Danish national monitoring N2O work 

 Outcome – new EF for N2O of 0.84%N2O_N/TNinlet 

 Led to mitigation 
− Importance of measurement (critical to mitigation) 
− Opportunities for mitigation (load balancing, control interventions) 
− Cost of abatement 2-15 euros for measurement + optimisation 

 Continued measurement and mitigation 

 Ongoing technology trials and development 

©Jacobs 2023 24 



 

      

      

 

  

   

    

   

National nitrous oxide monitoring campaign – France 

 Led to recommended EFs for 3 typologies 

 Coordinated approach 

 Consistent methods 

 Med-long term campaigns 

 Robust research institute oversight 

Filali et al. (2022) 

©Jacobs 2023 25 



 

   

   

      

   

   

     
  

     

 

  

National monitoring work - Switzerland 

 14 monitoring campaigns (N2O) 

 Led to recommended EFs for 3 
typologies 

 Long term off-gas method 

 EAWAG oversight ETH Zurich 

 Has led to commercial off-gas in-
country spinoff 

 Has supported N2O and CH4 abatement 
programme 

Upwater, 2023 

Swiss FOEN, 2021 

©Jacobs 2023 26 



 

     

   

     

 

   

      

Metagenomics, UU 

N2O drivers and mitigating process conditions, AWS 
UK sector work on GHG emissions 

TWL, ASP aerobic zone liquid N2O 

STW, Cakepad monitoring, CH4 

Drone N2O/CH4 surveys, UU 

©Jacobs 2023 



 

       

          

      

        

        

     
    

      

      

       

         

Results from UK measurement work to date 

 Variable and not very coordinated – but now over 20 sites 

 Range of methods, mostly established, some experimental 

 Supported by UK and Irish Community of Practice 

 Good Practice Guide and Recommendations for National Monitoring Programme 

0.01508 kg N2O/ kg NH3-N in 
0.01 kg N2O/kg TN in 

0.0031 kg N2O-N emitted/ kg N (in) 

0.0038 kg N2O-N emitted/ kg N (in) 

0.0069 kg N2O-N emitted/ kg N (in) 

EF range: 0.005 – 0.03 kg N2O/ kg NH3-N in 

©Jacobs 2023 28 



 

        
   

      

       
  

    

 

 

 

 

         

      

      
 

 

 
      

 

UK Good practice guide – standardising campaign and EF reporting 
WRRF Campaign attribute 

Loading/capacity and consent PE, average:peak Q COD/BOD:TN:NH4:TP 

Catchment and plant type E.g. combined catchment, plug flow nitrifying ASP, 
anaerobic digestion 

Sludge imports tDS/day 

MLSS Kg/m3 

F:M BOD/COD:MLSS 

SRT Aerobic/anoxic 

SS/VSS ratio 

Average temperature deg C 

Average in coming N load(s) 

% removal 

Sludge management 

Measurement methods 

N, NH4, including liquors if relevant 

TN reduction, NH4 reduction 

Including any sidestream, liquors balancing, sludge 
storage, AD 

Technology type 
Site wide or process unit level 

©Jacobs 2023 29 



 

       
     

      
      
     

      
 

    

  
  

  
  

Good practice exists and national monitoring programmes have 
happened or are happening 

• UK and Irish Water Industry Research (UKWIR) 
 Quantifying and reducing direct GHG emissions (2019) 
 Quantifying and reducing (Phase 2) (2023) 
 Good practice guidance and sector monitoring 

summary 
 Recommendations for National Monitoring Programme 

• Netherlands - STOWA, 2023 
• France - INRAE, 2022 
• Switzerland – Eawag, 2021 
• Germany – DWA, 2022 

©Jacobs 2023 



Advice on design of national monitoring programme (NMP) 

 Health and safety 

 Roles and 
responsibilities 

 Coordination and 
communication 

 Opportunities aligned 
with IED 

 Data management 

 Standardisation 
 Data quality, quantity and 

sharing 
 Lessons learned from 

ongoing work 
 Funding, procurement and 

commercial 
 Leveraging local knowledge 

and teams 
 Knowledge sharing 

Framework Processes Technical 

Programme objectives and outcomes 

 

       

  

  
 

  
  

  
 

  

 
    

 
   
 
   

   
 

  

  

   

   

  

   

    
   

   

    

 Site selection 

 Site and process choices 

 Specification and procurement 

 Installation and 
commissioning 

 Calibration, maintenance and 
replacement 

 Considerations of site control 
and mitigation potential 

©Jacobs 2023 31 



 

         

     
      

  

    
    

    
   

  
 

  

 
 

  

  
 

  
 

  
  

  
 

 

 
  

 

Advice on design of a National Monitoring programme – UKWIR, 2023 

Central organisation and funding including 
expert advisory group – utilities, academia and 

supply community 

Clear objectives: to understand 
emissions to support and 

prioritise action, to support 
improvement of National EF 

Nitrous oxide 
monitoring 

and analysis 

Methane 
monitoring 

and analysis 

Builds on 
existing 

starting point 
for sector 

Data, results 
collation and 
interpretation 

Data and 
monitoring 

requirements 
clear 

Outcomes: 
revised GPG, 

industry 
protocols 

©Jacobs 2023 
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In the meantime… let’s start! 

Understanding GHGs at WwTWs i 
critical 

to help resource recovery and 
systemic solutions 

become 
within planetary boundaries 

a reality that bring us ba 

Attribution: CC BY-NC-ND 3.0 33 



 Thank you 

amanda.lake@jacobs.com 
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