From Vision to Action: Delivering .
Climate-Smart Capital Projects

May 21, 2025

COLUMBUS
WATER & POWER

Sy

L. (@

A
P
H

i |




> W

Previous Findings
Alternative Evaluation
Climate Action Plan
What’s Next?



Previous Findings
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OGI Camera Survey

Dewatering
Centrate Chute BLAF Biofilters Cake Loadout Digester PRV
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OGI Camera Survey

Digester Digester Digester First Time Methane Has Been

Cover Cover Tank Leak Seen

Brown and Caldwell 5



Drone Flux Walls Gas inlet
\A

Wind sensor 1 /

Conc CH4 vs Altitude
70 1 +-1 step smoothing 01
60 4 60 4
50 4 50
40 E 40
~N
-
30 2 30
20 4 20
L]
[ ]
10 4 10
- e
04 0 3
ax:269.5
5 10 15 0 50 100 150 200 250
Conc ppm Distance t (m)

Flux Wall Overview Schematic,
courtesy of Explicit (2023)

Brown and Caldwell



18 kg/hrCH, roscoiestion © S0lids Handling

: Dewatering ~ Thickening
: Gravity Thickeners  Biofilters Cake Loadout ~ Centrifuges ~ Centrifuge

Area

25 kg/hr

Digesters

' At

Control

Building Area

Emissions Point

Emissions g ) ' ' s » : 25 kg/hr
Point/Generator [l SHEEESEEEEER] & (s |

Emissions | I BLAF
Generator 1 15 18 81 A - 4 _ Biofilter

~ FAR ' IR —: [ . R Area

=== Buried FAR | = e = Sim E BLAF

: i |11 . .
Brown and Caldwell 7



Setstete
SeSetets

RS S
Sitle, et

| | [\
o o B
ernative cvaluation
Gty | Seeegeses
NG
8598

Dante Fiorino

WE&T September 2024
“Catching a Fugitive”

Brown o Caldwell




Known Significant Contributors

Floating digester covers
with pumped mixing

Biosolids holding tanks
to odor control

Brown and Caldwell

Biosolids thickening
and conveyance

Pressure reducing
valves on most biogas
systems (<30” WC)




Fugitive Methane Solutions

Repair and BLAF Digester
Replace Lysteka  conversion  intensification
/Optimization

Brown and Caldwell
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Existing State

Low VSR
Digestion

CH4 High Residual

VS Digestate

High Entrained
Gases (Low S.G)

Dissolved
Methane

Methane
Phase Digester

Brown and Caldwell

CH,

Dewatering
Centrifuge CH 4

4
o0 000
Dewatered
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Foul Air

Biofilter
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Biofilter

Post Digestion
Thickening
Centrifuge
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Ext Gen
Digestion

— Constant mixing

— Surface withdrawal

~ Longer SRT

~ Fixed digester covers

- High design biogas
pressure for PRV leaks
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Future State
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High VSR Digestion Dewatering
Low Entrained Centrifuge
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Known Significant Contributors

Floating digester covers
with pumped mixing

Biosolids holding tanks
to odor control

Brown and Caldwell

Biosolids thickening
and conveyance

Pressure reducing
valves on most biogas
systems (<30” WC)
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Biosolids Handling

Not effective
requires pilot
testing

S1 - Augmented
Biofiltration

$4.7 million NPV

Unit

$5.0 million NPV

Not effective
without
phosphorus
removal

Brown and Caldwell

S3 - Regenerative
Thermal Oxidizer

S4 - Vacuum Extraction
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BLAF Optlons Methane content too $6.1 million NPV

low at BLAF tanks

Not effective
requires pilot
testing

Hil .
4 gt il | e

B2 - Vapor Combustion

B3 - Regenerative

B1 - Augmented

Biofiltration Unit

Thermal Oxidizer /
N

. [ 18§30 - 358
L million NPV

Structural concerns with
concrete weight (G

B5 - Fixed Stainless-Steel
Cover

B4 - Fixed Concrete Cover

Brown and Caldwell
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Southerly Bioenergy Project Scope

FUTURE

Floating digester covers
with pumped mixing

Biosolids holding tanks
to odor control

Brown and Caldwell

Biosolids thickening
and conveyance

Pressure reducing
valves on most biogas
systems (<30” WC)
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Slide 18

DFO Prompt to explain future condition vs. existing
Dante Fiorino, 2025-05-19T19:07:25.983



post Digestion ¢ SOlids Handlin
& 100 kg/hr (-24%)

: Gravity Thickeners  Biofilters Cake Loadout ~ Centrifuges ~ Centrifuge Area

61 kg/hr |

Digesters

. Digester
Control Area

Building

Emissions Point

Emissions

Point/Generator [l EMSESENI N mmfa | \
Emissions | NERNAREAEES N . | il BLAF
Generator [ ANEA RN | - BAd b - Biofilter : Area
1 = FAR - DR AR e ml__ : SRR 5

=== Buried FAR e L LA . T el | — BLAF

Brown and Caldwell T ] ) ' : : =Y .
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Climate Action Plan

Stacia Eckenwiler
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City of Columbus Climate Action Plan

Baseline

- CAP Sets target of 45% GHG reduction by
2030 and 100% GHG reduction by 2050
- 13 strategies and 32 quantifiable actions

MODELED EMISSIONS POTENTIAL OF
CAP STRATEGIES Forecast

100%

Funding &

Implementation

Million metric tons of CO_e (MtCO_e)

Brown and Caldwe




City of Columbus GHG Inventory

— Based on Local Government Operations Protocol and US Community Protocol
using ICLEI-USA’s Clearpath Tool

2013 COMMUNITY-SCALE BASELINE
NVENTORY BY SECTOR MUNICIPAL 2013 GHG INVENTORY

Industrial Energy Water &

Wastewater
Commercial Energy Treatment
Solid Waste
o Residential Energy Facilities
Buildings &
Water & Wastewater (0.9%) Facilities
O solid waste Vehicle Fleet

Process & Fugitive Emissions
(0.4%)

b Transportation

Street Lights &
Traffic Signals

Only Includes NG
fugitive emissions
Brown and Caldwell
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City of Columbus GHG Inventory

2013 GHG Inventory

Water/ Wastewater

Scope 1 * Combustion of biosolids
* Combustion of digester gas
* Flaring of digester Gas

Scope 2

Scope 3 « Wastewater treatment plant

energy use
* Water treatment plant energy use

* Missing CH, emissions from non-combustion sources,

N,O emissions, mobile combustion

Brown and Caldwell

2013 WATER & WASTE EMISSIONS

Wastewater

N - ~etime (1943

L B Composting (1%)

- l = Treatment
Municipal Solid Water
Waste Treatment

26



Scope 3
Indirect Emissions and Sinks
(Upstream)

t by
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DPU GHG Accounting and CAP

Baseline year, CH, & N,0
scope, scale, Measurements,
protocol Plant Data

Southerly WRP

=2
!
o\l-_/

Abatement Actions

Brown and Caldwell 28



CAP Update

~Develop a measurement-
informed utility-wide GHG
inventory.

~ Inform future mitigation
actions, funding opportunities,
and track progress towards
the City’s goals.

- Potential visualization and
inventory tools

— Utility-specific CAP

Brown and Caldwell

Million metric tons of CO_,e (MtCO.e)

MODELED EMISSIONS POTENTIAL OF
CAP STRATEGIES

100%
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Southerly WRP Bioenergy Project +6Mgal

Big Digesters

Vi ' WGBs & VCU
FOG Receiving Electrical

Switching

™ . -n“g'l”““

| 6 MW Combined
Heat and Power

Digester
Covers

Regenerative
Gas Cleaning
Facility



GHG Emissions (MT CO2e/yr)

SWRP GHG Inventory (Baselining and Future Goals)

70,000
60,000 %
50,000
79%
- Bioenergy Reduction B
SCO e 1_3 Liquid Process CH4 [Scope 1]
Program P

B Fugitive Methane [Scope 1]
o e On Ilne B Stationary and Mobhile Combustion [Scope 1]
B Purchased Electricity [Scope 2]

B Chemical Use [Scope 3]
20.000 Biosolids End-Use [Scope 3]
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2013 2023 2030 2040 2050

-10,000




What's Next?

Stacia Eckenwiler
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Primary Greenhouse Gases

Fugitive CH,:

- Unintended emissions (damage, weatr,
corrosion, error)

—Venting for system operation, safety,
performance

~Incomplete combustion or slippage
Process N,0O:

- Denitrification

—Nitrification

1 methane =27 CO,

1CO,

1 nitrous oxide =273 CO,



SWRP GHG Inventory with N,O

120,000

N,O emissions highly site specific.

EF based on influent load and industry
acknowledges overestimated

Measurement needed for more
accurate values

100,000

=

7]

~

S 60,000 F—

_E, o High N20 EF - 1.9% (Helsinki - 2016)

E Default N20 EF - 1.6% (IPCC)

&

‘E 40,000 - Low N20 EF - 0.6% (King County - 2021)
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First N,O DFM

iIn Western Hemisphere
A "4

L 4 =

GREENLAND (DENMARK) -

ALASKA (USA)

 supaN
~ ETHIOPIA

UAoN =
Gaon | DEMoCRATIC - I
GONGO OF THE CONGO. &5

2. Columbus, Ohio

First time DFM has been
used to quantify process N20
emissions outside of Europe.

AUSTRALIA



Horthing tm)

Jackson Pike N,O Findings

A-Plant Aeration Tanks  B-Plant Aeration Tanks and Secondary Clarifiers
0.6 kg-N,O/h Chlorination Basin 0.5 kg-N,0/h 0.07 kg-N,O/h

Map Visualization Map Vlsualze‘hnn
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Morthing {m)

Southerly N,O Findings

West and Center Aeration Tanks East Aeration Tanks
4.9 kg NO/h 2.6 ngO/h
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Desktop vs. Actual

80

Fugitive Methane (kg/h)
w N 1] [©) ~
o o o o o

N
o

[N
o

I EPA Est (1%) EPA Est (1%)

JPWWTP 2.6 kg/hr SWWTP 6.2 kg/hr
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.....

Southerly GHG Emissions

34,400 MT CO2e/year Post-Bioenergy: 20,200 MT CO2e/year

Reduction in
CH4 emissions

ﬁ

m % Contribution from N20 m % Contribution from CH4 m % Contribution from N20 m % Contribution from CH4

Brown and Caldwell 39



Southerly N,O Continuous

—~Aqueous probes to be installed in one aeration
basin train (anoxic zone and aerated zone)

- Influent nitrogen loading + N,O measurements

will be used to develop emission factor Unisense N,0 WW System
- Other plant data (e.g. NO5, DO, SRT) will be used
to investigate mitigation strategies yam
Gas-phase N,0 - o Q
monitoring used at | v
King County to | : :
Ca”brate emiSSion ZONE 1 E ZONE 2 E ZONE 3 E ZONE 4
: estimates ANOXIC a5 :.E: 5 5%, : ., W %
ZONE EPPRRRETETE R T T o o T‘ T 5

AERATION BASIN 1




Thank you.

-~ Questions?

Brownw Caldwell
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Methane is a Powerful Greenhouse Gas

8 2 5 x Warming from methane decreases
) CH, CO, sharply after ten years.
more powerful )_i s
tha n CO2 over The- te.mpero-tgrfiefféct of one year's global
10_12 300 _ 1’000 emissions of methane and CO.,,.
a 20-year period Years Years /

0.03
[ CO, emissions continue

= P \ to warm the atmosphere

¢ 0.025 \ f i

L \ or centuries.

L]

5 [

g o,

& 002

£

2

o The warming effect

2 0015} : .

2 of methane disappears

£ within a few decades.

Q

2 o001} |

Q

O '/ Some heat is left,
0.005! stored in the oceans.

v

10 20 30 40 50 60 70 80 90 100

Time since emission (years )

Source: Community Emissions Data System (CEDS) / Borgar Aamaas, CICERO www.cicero.oslo.no



Wastewater Treatment Plants

~WRPs contribute 5% of all GHG emissions
- 4% to 9% of all CH, emissions
- 6% of N,O emissions

- Process, fugitive, and energy use represent
a majority of the GHG emissions at a WRP

Brown and Caldwell

Natural Gas
and Petfroleum
Systems

Management N 30%

10%

Landfills

Enteric
Fermentation

2022 U.S. N20 Emissions, by Source

LULUCF Emissions Other

Transportation
4%
Manure Management
4%
Wastewater Treatment
6%

Stationary Combustion
6%
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Problem Statement

Biosolids Land Application
Facility (BLAF)

8,000
6,000
4,000
2,000
.0,000
8,000
6,000
4,000
2,000

Jan-17
m Apr-17

Brown and Caldwell

Jul-17
Oct-17

Difference

Jan-18

00 0 00 O O
MO Y
- = 4 -
s 3 85 5 o
< o = <«

B Thickened Biosolids

Jul-19
Oct-19
Jan-20
Apr-20

Jul-20

Oct-20

W Biosolids to Land App

Jan-21
Apr-21

121

Existing Floating Cover
Digesters

Methane-Phase Digester 14-Day-Average Daily Biogas Flows (in SCF/Day)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1/1/2019  2/1/2020  §/1/2020  8/1/2020  11/1/2020  2/1/2021  5/1/2021  8/1/2021  11/1/2021

—MPD1 ——MPD2Z ——MPD3 MPD4 ——MPD5S ——MPD6
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Problem Statement

Biosolids Land Application Existing Floating Cover
Facility (BLAF) Digesters

8,000 Methane-Phase Digester 14-Day-Average Daily Biogas Flows (in SCF/Day)
.6,000

4,000 M

2000 Estimate 78 Mscf/yr

.0,000

CH4, 130% GHG
impact as po

§
/
N/ ‘
| \} A
[ \ J A
A y T
(A Y !
d

000 CH4, 89% GHG
impact as power

Estimate 114 Mscf/yr W\N

6,000
4,000
2,000

wer

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

N N NN 00 0 0 00 O O O O © © © © = = =

i B B A~ Sl R B B o~ L S L A A S
e -—— - 1 L Lot £y — L P C— et S -

§ 8 32 5838583 % 35 3 2 &5 8 :

= < O s « O = « O = « O =S « 1/1/2019  2/1/2020  5/1/2020  8/1/2020  11/1/2020  2/1/2021  S5/1/2021  8/1/2021  11/1/2021
m Difference  EThickened Biosolids M Biosolids to Land App ——MPD1 ——MPD2 ——MPD3 MPD4  ——MPD5 ——MPD6
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Methods

Level 2 Level 3
Source Identification Quantification

Flux Wall Method EXPLICIT

Optical Gas Imaging

IKONICA MINOLTA

Brown and Caldwell 49



OGIl Camera

IR Quantum

Spectral Detector

Gas
Infrared

Radiation Detector and filter

are cryogenically
cooled to -203°C

Brown and Caldwell

0.200
0.100
0.000

Methane

CH,

|
\

3.000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000

wavelength microns




Drone Flux -
Digesters and
BLAF

-50 kg/hr

- 20% of flow meter

- 25% of VSR estimate
-2,430 cars per year

Brown and Caldwell

Northing Y (m)

200

100

=100

-200

—-200

Map Visualization

Easting X (m)

200
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Drone Flux -
Waste Gas
Burner

-1.7 kg/hr (1.6 Mscf)
—Less than 0.5% loss
~ EPA default 1%

- 80 cars per year

Brown and Caldwell

Northin¢ Y (m)

52

-12.0

- 9.6

-7.2

- 4.8

2.4

0.0

Net Flux Density g/m2/h



Drone Flux -
Biosolids
Handling

- 18.3 kg/hr

- Unexpected
contributor

—~Most from biosolids
thickening

- 880 cars per year

Brown and Caldwell

Northing Y (m)

100

-100
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Basel

100 p,
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Greenhouse Gas Emissions
Reduction (%)
B
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CAP /-{s
-20
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Ine Fugitive Methane

- = Coal
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N
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0 3t o <
5 N 10 15 20

sumption \ ?

Methane Leakage (%)

Even minor methane
leakage quickly degrades
the GHG benefit of biogas
CHP used to displace fossil-
fuel generated electricity
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Ine Fugitive Methane

Methane Leakage (%)

Reality

After the construction of a
cogeneration facility, the
GHG impact of CHP power
generation at WRP is
comparable to an oil power

plant




Engineers | Scientists | Consultants | Constructors

Brownawo -
| Caldwell :
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GHG Protocols

LI
n COUNTRY
JU 9@

1

El




T
Or... Your Local Gov’'t may be Estimating W/ WW GHGs

CARB + Others’

or

For Local Government
Operations in the US (e.g.
cities and counties) -
excludes emissions by non-
government operations and
general populace

Countries

Local governments (e.g. cities and counties);
Includes GHG emissions by the general populace

The Climate World Resources Institute’s
Registry’s (WRI), and the World
Business Council for

Sustainable Development’s

Voluntary (WBCSD)

Reporting Program
with 3r9-Party Corporations / Private
Verification Business
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Quality IPCC I1SO GHGP GHGP GHGP ISO GHGP GHGP
Principle Guidelines| 14064-1 | C ate| Cities Products | 14062-2* | Project Poli

Transparency

Completeness

Consistency

Accuracy

Conservativeness

Relevance

Comparability (optional)

Brown and Caldwell 59
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What te it?

What missing? we have done fugitive methane + Bioenergy changes

CAP -> internal inventory -> measurement ->action (Bioenergy program)

Fugitive methane (work)

Figures for GHG inventories for site specific

Climate action Plant -> data + buckets sustainability initiatives where current WTD

GHG inventories -> Climate action plan which community inventory
GHG inventories for wrp -> protocols (iclei + IPCC + Bespoke) -> quantification and measurement.
How do we replica

Talk more about their climate action plan



Mayor’s Climate Action Plan Coordination Memo i. Complete a Green House
Gas (GHG) inventory for SWRP. Include CO2, CH4, and NOx emissions in the
assessment. Quantify sources for SWRP to Scope 1 methodology as defined
by the International Panel for Climate Change (IPCC) and outlined in the
Global Protocol for Community-Scale Greenhouse Gas Inventories. ii.
Presentation of electrical savings through new equipment, processes and
energy management strategies, green building design, reduced GHG
emissions, environmental benefits of improved effluent quality and nutrient
control. iii. Discuss how these practices fit into the city’s Climate Action Plan.

DOSD/BC will present the results of the GHG Inventory at Southerly, and
the group will discuss the methodology to align with the CAP, and how
we can measure reductions in the future with capital and operational
Improvements.



