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WRRFs Become Part of the Solution for Decarbonizing Our Future

= Enel’gy embedded in WaStewatel’ iS Energy Consumption Breakdown in Water Sector (GWI, August 2021)
almost five times the energy demand
required for treating wastewater itself. Sludge Maragement

= WRRFs offer immense opportunities to Wastewater "
I’Educe energy and Cal’b0n fOOtpl’Int Wastewater Ve Sl Resources

18%

through operational optimization and Networs 20%
adaptation of innovative processes.

Desalination
9%

= (Beyond) Net-Zero WRRF is no longer

Water

just a vision for “utilities of the future”. Treatment

13%

Source: https://www.globalwaterintel.com/news/2021/32/is-net-zero-
now-water-s-biggest-priority
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GHG Sources at WRRFs

® Carbon dioxide (CO,) Methane (CH,) ® Nitrous Oxide (N,0)
GWP =1 GWP = 28 GWP = 265

WA

Sewer System

o o
@ I Effluent Discharge

Aeration Tanks Secondary Clarifiers

-

Primary Clarifiers
Raw Sewage Headworks

Pumping Station

TE Biogas Combustion
Other emission sources: hd °
= Consumption of c e
purchase energy (e.g., Q g n Biosolids Management
electricity, natural gas,

fuel oil) Sludge Thickening Anaerobic Digestion Biosolids Dewatering
= Diesel fuel (e.g., |
vehicles)
= Refrigerants

= Chemicals GWP: Global Warming Potential Adopted from WEF Factsheet “GHG Sources and Sinks for WRRFs” (2021)
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Energy Recovery from Biogas Should be the Baseline

= No biogas should be flared (wasted)!
= Combined heat and power (CHP) or renewable natural gas (RNG) — market driven

High carbon intensity for local power grid (e.g.,
coal, natural gas)

= Low carbon intensity for local power grid (e.g.,
nuclear or hydro)

= Carbon tax or incentives for GHG emission
reduction

High electricity cost
Subsidies for renewable generation

RNG Production

CHP <~

v’ Electricity generation — typically enough
demand onsite (offset)
v Heat reuse onsite

v RNG (biomethane) - grid injection or used as
vehicle fuel
v Renewable heat onsite and offsite
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Innovative Technologies to Boost Biogas Production

Micro Hydrolysis Process (MHP)

= |nnovative anaerobic digestion technology developed by Jacobs in
collaboration with Verde Technologies and Brigham Young University

= Use of Caldicellulosiruptor Bescii (C. Bescii), a hyper-thermophilic anaerobic
bacteria, to hydrolyze cellulose and other recalcitrant biomass

Lab-scale and pilot testing show promising results: T > :ﬂocr;EiOQI:;G
0 or
= >70% volatile solids reduction -
35-559C =m0
0 i H .
= 25% more biogas production Tickened Cavm] | AD?Seesrgg'rf O Less Solids
udge ; :

= 25% less biosolids generation (optional) to Dewatering

= Improved dewaterability

First full-scale implementation planned at
the Clinton River WRRF (Oakland County,
Michigan) after successful pilot
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Converting Biosolids to Low Carbon Intensity Fuel

Pyrolysis — converting biosolids into gas (syngas), liquid (bio-oil) and biochar

Pyrolysis Equipment at Silicon Valley Clean Water WRRF Integrated Thermal Process (Fluid Lift Gasification™) at
(California) Morrisville Municipal Authority Facility (Pennsylvania)

Parry et al., 2020. Circular Biochar Economy. WEFTEC Connect
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Sewer Thermal Recovery

Sewer - low-carbon, reliable source for heating and cooling

= Every 1 MGD of wastewater provides approximately 0.9 MW heating/cooling capacity
(based on 5 °C deltaT)

= Offsets GHG emission from conventional natural gas heating/electrical cooling
= Reduces thermal pollution in waterways

= Scalable — from individual building to district energy system (DES) application

PIRANHA - small system serving In-pipe heat recovery, applied with new Architectural rendering for National Western
25 to 200 residential units installation or replacing sewers Center (Denver, CO) — 3.8 MW sewer thermal
(Courtesy: SHARC) (Courtesy: Rabtherm) DES under construction
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Renewable Microgrid with Energy Storage

= Independent from a central grid, with local
energy generation, storage and intelligent
controls

= Renewable energy sources:
- Solar
— Biogas (cogen)
- Hydrogen

= Key benefits for WRRFs:
— Increases site resilience and redundancy
— Reduces energy cost
— Reduces GHG emissions

— Might help build a local solar or hydrogen
iIndustry with new jobs
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WRRF-Based Hydrogen Hubs
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Transportation Gas injection Ports

= Rail + Powering Aussie « Shipping
+ Heavy duty trucks homes + Ferries

» Automotive + Logistics
+ Buses

Airports
« Aircraft
« Ground vehicles

ack-up power for
critical infrastructure

Applications of hydrogen

Jacobs Yarra Valley Water Whitepaper:

Wastewater 0
Treatment Plants

Oxygen is bought and used
by the wastewater treatment

plants to increase the energy
efficiency of operations

Industrial
applications

+ Green steel
+ Green ammonia

https://www.jacobs.com/sites/default/files/2020-06/jacobs-yarra-valley-water-towards-a-zero-carbon-future.pdf
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metrovancouver | CLIMATE 2050

Metro Vancouver Climate Action

Jeff Carmichael

Division Manager, Business Development,
Liquid Waste Services

metrovancouver
15 September 2021




DRIVERS FOR CLIMATE ACTION

Climate 2050: Metro Vancouver
demonstrates bold leadership in
responding to climate change

« Carbon neutral region by 2050

* Infrastructure, ecosystems and
communities are resilient to the
Impacts of climate change

Energy Management Policy Climate 2050
| STRATEGIC FRAMEWORK
Board Strategic Plans SEPTEMBER 2018

Revised July 2019

Liquid Waste Management Plan
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CAUSES OF CLIMATE CHANGE

Regional greenhouse gas emissions

32% 17%
CARS AND TRUCKS INDUSTRY

25%

BUILDINGS

5%
HEAVY DUTY

VEHICLES |

metrovancouver

Dominated by vehicle and building
emissions

Somewhat unigue low-GHG
hydroelectricity

Non-energy related emissions are
poorly understood, so not included
In current reporting protocols.
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ESTIMATED EMISSIONS IMPACT

Greenhouse Gases Goal: : : ..
45% region-wide emissions
Potential Reducti in G h G -
olential heguctions In areennouse (aases redUCtIOn by 2030

16,000,000
F
c 14,000,000 Baseline Emissions if no new actions are taken
£ Reductions from Transportation Actions
w 12,000,000
Lk
. 2030 predicted N
'ﬁ' 10,000,000 emissions if e Reductions from Buildings Actions
b 8,000,000 actions are
C -

implemented : : : .
% 6,000,000 PI Reductions from Industry Actions
ILS .
'S 4,000,000 | Reductions from Agriculture Actions
£ Remaining Emissions
< 2,000,000
0

2010 2020 2030 2040 2050
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REDUCING LIQUID WASTE GHG EMISSIONS

Gasoline and diesel
Gasoline and diesel Embodied emissions

Embodied emissions _ |
Fleet and LWS Residuals
vehicles management

Gasoline and diesel
Natural gas use Embodied emissions
Purchased electricity
Diesel use
Embodied emissions Construction
Natural gas use
Purchased electricity
Diesel use
Embodied emissions

Purchased electricity Wastewater
Embodied emissions conveyance Fugitive N,O

Potential fugitive

Fugitive methane
methane
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USING LIQUID WASTE RESOURCES TO REDUCE

REGIONAL EMISSIONS

32% 17%
CARS AND TRUCKS INDUSTRY

Energy sources:

Renewable natural gas

Sewer / effluent heat
Co-generation
Biofuel

Biosolids as fuel

HEAVY DUTY
VEHICLES

metrovancouver

8%

NON-ROAD
ENGINES

Biosolids as
landfill cover and
carbon sink
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Action Protocol: Carbon Price Policy Methodology

e Policy establishes a price ($150/tonne
CO,e) on applicable GHG emissions

 Value of GHGs associated with a
proposed project or initiative can be
calculated

* Intent to use Life Cycle Cost Analysis to
guantitatively compare options

e Use process in place but no checks to
ensure participation

metrovancouver

Project/Initiative:
options analysis

N

Option A Option B
Capital $ Capital $
Op. $ Op. $
Project life Project life
GHGs GHGs
Life-cycle Life-cycle
COStA cost B
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SEWER HEAT
INITIATIVES

metrovancouver

Average Daily Temperature (°C)

20 -

15

10

Metro Vancouver WWTPs - Effluent Sewage Temperature

—Annacislsland
—1lona

—Lions Gate
—Lululsland

NorthwestLangley




SEWER HEAT. CURRENT AND FUTURE CAPACITY
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metrovancouver

Current
capacity:
700 high rise
buildings

Future
capacity:
950 buildings

North Shore
Effluent Heat
project in
design now



HIGH-EFFICIENCY AERATION

2020 and earlier activities
» Identified HEA technology w/ improved performance for energy use reduction
* Project funded under MV Sustainability Innovation Fund (SIF)

* Negotiated scope of work for demonstration testing at DC Water

2021 activities

* Execute contract for demonstration testing
» Design pilot facility modifications
* Procure fluidic oscillator and initiate construction

Future activities
* Install and test Perlemax fluidic oscillator
o Complete WRF third-party independent assessment

metrovancouver 21



HTL — PRODUCTION OF BIOFUEL

2021 activities

o Complete procurement for HTL unit design and fabrication

 Complete preliminary design of outside battery limits

e Continue work with Industrial Research Chair at UBC Okanagan to identify how to best integrate HTL into
WWTP operations

Future activities
« Construction, installation and testing of HTL pilot at AIWWTP

* Investigation of low carbon phosphorus and nitrogen compounds for use as fertilizer with UBC

WASTEWATER BIOMASS BIOCRUDE LOW CARBON BIOFUEL

metrovancouver 22



BIOGAS UPGRADING: CURRENT AND PLANNED SYSTEM

SIUdge RNG FortisBC
/ Gas — pipeline

sewage — [EGUECCRIEN — iogas Treatment

digesters \ Svstem

[ I heat for buildings ‘
and digesters

heat
exchanger(s)

metrovancouver



BUSINESS CASE ANALYSIS

25-year equipment life

e Estimated $11M capital costs
* Initial RNG sales $630,000 /yr
e Initial O&M costs $150,000 /yr

e Carbon price policy benefits $380,000 /yr
(average 2,500 tonnes CO2e per year)

* Positive business case and cash flow

metrovancouver



GHG Reduction Potential

Corporate GHG Emissions Metro Vancouver Near-term Long-term Sewer Heat Potential
Future GHG Reduction Projects in Metro Vancouver Region
75,000 75,000 6
70,000 70,000 Total
65,000 65,000 R bl 14
60,000 60,000 enewla e
55,000 5,000 natural gas 1
50,000 50,000
45,000 _ 45,000 g0 1in4
‘540,000 $ 40,000 Other potential o . potential
£ 35,000 © 35000 near-term £
30,000 © 30,000 E .
=
25,000 25,000 Sewer Heat -
20,000 20,000 North Surrey A Multi- Al buildings
family/

| Sewer Heat - Richmond s )
X commercial

buildings

Water

Housing

15,000 CAEE 15,000 ‘

2 Potential

=D ; 10,000 . ! r sewer heat
Solid Waste i 1 ;
5,000 5,000 Effluent Heat capacity
d Liquid
0 Waste _ North Shore 0

Emissions Total Regional Reductions



hank you. Questions?
Jeff.Carmichael@metrovancouver.org

metrovancouver

SERVICES AND SOLUTIONS FOR A LIVABLE REGION




Beyond Energy Neutrality
Program: Achieving Energy
Independence in a Large
Water Resource Recovery
Facility

Per Henrik Nielsen
VCS Denmark, Project Director
phn@vandcenter.dk

VCS Denmark

PRAACTICAL WATER KNOWLEDGE
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Ammonia-Based Aeration Control Played Key Role in Energy
Optimization of BNR Process
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Maximizing Biogas Utilization

Additional engine generation capacity
fully utilized produced biogas

More electrical production
More heat recovered

Reduced carbon footprint from flaring

Carbon redirection



Beyond Energy Neutrality Program: Engaging Global
Input for Collaborative Process Optimization at Ejby Molle




Detailed Historic Energy Consumption and Generation
Data Key in Evaluating Optimization Opportunities

Ejby Mglle WWTP 2011 Annual Average Electricity Consumption

Thickening/Dewaterin
Cengrifu es 9 3.88% Primary Treatment Pumpingto
6 440/g 3.09% TricklingFilters
A Other 2 15%
5.59% ' '
AnaerobicDigestion PumpmsgI;(aAgtlvated
o 5 802/0
Sludge Storage :
1.56%

TricklingFilters -
Recirculationpumping
4.73%

TricklingFilters -

WAS/Humus Pumping
0.01%

EffluentFilters

Activated Sludge 10.43%
- Other
0.24%

Activated Sludge -
WAS Pumping
0.22%

Trickling Filters - Return
Pumpingto Act Sludge
0.64%

Activated Sludge -
RASOP;;]/? 9 Activaf[ed Sludgfe-
' AnaerobicZone Mixers
Activated Sludge - 1.78%
Oxidation Ditch Mixing
2.09%

Qo



Readily Implementable Optimization Operational
Modifications Showed Potential for Achieving Neutrality

m Energy Produced 2011 = Additional Energy Produced = Additional Energy Saved
| | | | | | | |

All Operational EOOs + Anammox + Diffusers

All Operational EOOs

Chemically Enhanced Primary Treatment

Partial Effluent Filtration

Lower Bioreactor Sludge Age

No Trickling Filters

Koualoing-J1as Abiau3

Existing Condition (Baseline)

75% 80% 85% 90% 95% 100% 105% 110% 115% 120%



Implementing Several EOOs Achieved Energy Self-
Sufficiency by the End of 2013

9,000,000

8,000,000
7,000,000
6,000,000
kWh/year 2,000,000
4,000,000
3,000,000
2,000,000
1,000,000

M Production

M Usage

2009
2010
2017
2012
2013
2014
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VCS Energy Consumption 2011-2019

kWh Energy consumption 2011 - 2019 VCS Denmark
15,000,000
10,000,000
\ == \/ehicles internal + external
5,000,000
e AdMiinistration
— e Heat consumption
P e \Natersupply
2011 2012 2013 2014 2015 2016 2017 2018 2019 —— Sewer system

e \\/astewater Treatment Plants

-5,000,000 @ S0lar panels

\ e Power production biogas

e Heat production biogas

-10,000,000

/

== Net consumption VCS

-15,000,000

-20,000,000
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VCS Energy Consumption 2011-2019

Sludge from
NE and NW to
EM

Gas engine 2
installed

Water from oil

mill redirected

to EM instead
of Otterup

Demon /
sidestream
treatment

Activated
sludge
pumping
station

Ventilation and

Bottom aeration

Sludge from
Otterup and

optimized at CUBHTTES;EIYE
pti WRRF to NW
rainwater

pumps New mixers in

aerationtank
at Bogense

AL WRRF

heaters

Changed motors for

rotors at NE

Gas engine 1 from

Workshop with Jacobs

Sludge / sludge
heat exchangers

2009 renovated

Insulation of digester walls

Heat recovery from

after digesters

Merger with
Nordfyns
KWh Spildevand
15,000,000 Mixing in
digesters
reduced
10,000,000 Shut down
sludge
dewatering
5,000,000 Haarslev
0
-5,000,000
-10,000,000
Decision CO,
-15,000,000 neutral in
2014
EM new
-20,000,000 sludge

transformer in machine shop

2015 + 2016

sewer

High priority on

Recuperative sludge
dewatering

Changed pipe
between sludge
buffer tank and

Refurbish
Filterpumping
station (new

pumps and heat

dewatering

Shut down sludge

investments

recovery from

dewatering Hofmansgave

digester (Higher dry
contend)

transformers

Heat pumps at outlet
from EM WRRF

Replace sludge storage
tank at EM

Thermal hydrolyses (to
be decided)

= \/ehicles internal + external
e AdMinistration

e Heat consumption

e \\ @t ersupply

e SEWeEr system

e \\/astewater Treatment Plants
@ S0lar panels

e Power production biogas

e Heat production biogas
== Net consumption VCS
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Leveraging Deammonification for Both Sidestream
and Mainstream Nitrogen Control

Dewatering
Centrate

AOB and anammox "seed”
(bioaugmentation)

Influen t===pR iR

Clarifier NOB out-selection S e Fffluent

Clarifier

Bioreactor (aerobic/anoxic
zones)

A

Mainstream
Hydrocyclones

G



Induced Granulation and Sidestream Bioaugmentation

Improved Sludge Settleability

Cumulative Probability

100%

80%

60%

40%

20%

0%

200 250
SViml/g

300

= =Pre-Hydrocyclones

=== Hydrocyclones Only

350

400

== Hydrocyclones + Sidestream Seeding
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It's Not Energy Reduction at the Expense of the
Environment: N20O Probe Development and Application

Nitrous oxide monitoring puts VCS
Denmark at the technological forefront

Wastewater treatment has previously been a very energy-
intensive process, but in recent years the industry has
focused on reducing CO, emissions. VO3 Denmark, one of
the largest and oldest water and wastewater companies in
Denmark, 15 actively committed to resource oplimasation
One of the major efforts has been on optimising its biggest
trestment plant — Ejby Molle Renseanleg — so it produces
sigmificantly more energy that 1t consumes,

However, in its efforts to achieve its goal, VOS5 Denmark
encountered a problem: When you reduce energy
consumpdion in the complex microbiological treatment

continuous
aeration

Owerview of Ejly Molle WWTE Aerial pl'mhr_;h)m VIS




Further Developing
Emerging Technologies:
MABR Demonstration
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What About Biosolids?

First drying, using super heated steam, and then pyrolysis of the sludge

J— The energy source is the organic content in

\ the sludge.

The calorific value in the sludge is utilized by
burning the pyrolysis gasses.

=

<

...and excess thermal energy, for
- district- or local heating

The end product is a biochar/soil improver with plant available phosphorus,
and can be processed into activated carbon (filter material)



Summary Thoughts and Conclusiops




Decarbonisation in the UK

Amanda Lake
Jacobs European Regional Wastewater Solutions Lead



Decarbonisation in the United Kingdom

- Pledge to net zero 2030 <
= NET

2020 §5§o°

— 2030 Net zero routemap [ routemar
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Importance of Scope 1 Process Emissions

Total gross emission | |
Overall
Total Net emissions
Transport Al
Admin Al
Process emissions
Drinking water Burning of fossil fuels
Grid electricity
Process emissions
Wastewater Burning of fossil fuels

Grid electricity

Emission reduction from the

Renewable generation
g export of renewable energy

Green electricity purchased ~ Green purchased electricity

MtCO2e -1.00 -0.50 = 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Source: Data from 2018-19 CAWSs [l Carbon Dioxide (Co2) I Methane (CH&) Nitrous Oxide (N20)
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Global Industry and Research Efforts to Date

France NEQEETRS
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<

United Kingdom
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What We Know So Far

m PUBLISHING wapublishing.com
8 sl
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& g°] Systems
= g 4 ¢ Y
i ..‘E Editor(s): Liu e, Jose Pome, Ingmar Nopens
il = 3 With increasad itmant from the i i
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(Vasilaki et al. 2019) — g
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Mitigating Nitrous Oxide Emissions

Duan et al. (2020)

H. Duan. B. van den Akker and BJ. Thwaites et al [Water Research 185 (2020) 116196
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Mitigating Methane Emissions

- CO-DIGESTION PLANT AND WASTEWATER TREATMENT PLANT

Off site characterisation

, muu"“I:"‘H"ﬂmml’ B ‘.

I the sealing st of Batches oa the 1oot
(2.2 manhole)

> = P
- ~
i

. — On site mitigation
Puer

treatment reactors

Holmgren et al. (2015)

EVEMBI
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Emerging Approaches

Knowledge Base

Pathway
No. References linking operational conditio to N,0

(from risk
figure 1)

Drbee=] Operational

Condition Variable

Parametr/
Condition

Kampschreur etal. 2009; Foley et al., 2010; Ahn et

HighHo; Rar | al, 2010; GWRC, 2011
S | Kampschreur et al. 2008;
Nitrification ~ Low DO DO 3 Kampschreur etal, 2009;
High DO DO 12 Ahnetal., 2010, Chandranetal., 2011, Lawetal,,

2012, Pengetal., 2014

Risk Assessment
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S 06 S~ 0.4
m . N\ /_/
5 04 \\ a [
= 02 \\/ / 0.2
0 0
15:00 18:00 21:00 00:00 03:00 06:00
May 10,2016 May 11,2016

Peer reviewed
literature

——Low DO Risk
——High DO Risk

>

N,0 Conc. (mg/L)

Mitigation

Courtesy Cobalt Water Global

02 L]

o
&

« | N,O before

N.0 liquid conc. (mg/L)

o
=1
&

0 L
8/24/2016 0:00 8/25/2016 0:00

* N20

N,O after

- -

| JH e

8/26/2016 0:00

©Jacobs 2020




Challenges and Opportunities
= Monitoring methods WA oo

= Cost benefit of mitigation Driving the transition towards

= Collaboration for climate action Climate Smart Utilities.
Join our IWA Connect Group! Amanda Lake
https://iwa-connect.org/group/climate-smart-utilities/ GHG Monitoring - Group Leader 2021
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Fig. 7. Proposed standard approach for mitigating N;O emissions from full-scale WWTPs.

Duan et al. (2020)
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