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Water Scrubbing Membrane Technology
Technology i

’ Pressure Swing
Amine System Absorption
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Virtual Pipeline

Pipeline injection

Direct Fueling - slow fill
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« What do | mean small?

» Small projects at WWTP, landfills,
food waste digesters.

» Some include pipelines, CNG
fueling facilities, WWTP efforts,
electrical generation, other
related

* Plug and play, right?
= Why small RNG projects, does not
mean one size fits all

* Why small RNG projects are
Interesting
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200 cfm of Biogas

3,000 milking cows

Excess gas at large
landfill; small
landfill stand-alone

project

20 MGD WWTP
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50-75 TPD food waste
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What we are looking for?
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Why Can’t We Just Dump it into the Grid?
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Processed Gas

High pressure : H20 H2 HQS vCOZ 02 N2 CH4 C2H6 C3H8
—_— D — diameter (A) 3.8 3.8 4.2
Information from Air Liquide MEDAL
Biogas E):\fNGar:SSUI'e Membranes - Overview
High pressure MEMBRANE P

Inlet Gas Composition Outlet Gas Composition
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m Methane m Carbon dioxide = N2 = Oxygen m Methane m Other Contaminants
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l What goes into a project?

Planning/due diligence  « Construction
* Got gas? .
* Financials/Contracts

Trades
* Systems integration

* Engineering design . HAZOP
* Equipment selection . : :
. Siting Construction Quality
- Permitting * Start-up & troubleshooting

* Project Development * O&M
« Equipment procurement * Remote/on-site

B S
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l Due Diligence

* Meet with Landfill Operations
= What keeps them up at night?
* Liquid issues
» Odor
= Waste characteristics

* Independent review
= Well records
= Well sounding

= Past LandGEM/other gas
modeling

— Assess level of confidence
= |nitial Process Flow
= CAPEX/OPEX Estimates
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Due Diligence

Example Site

Landfill Gas Potential

LFG Generation Potential calculated
from LandGEM modeling software

LFG Recovery Potential
projected from field data

PROPOSED EXPANSION
796,284 MMBTU/YR
(3,000 SCFM)
CAPACITY

& Expected LFG Generation
090 == == Projected LFG Recovery
\)
&> m  Measured LFG Recovery
N
z
QQ
ERRS
m
=
=
[} o
s
r Curve begins year
3 i landfill begins accepting
L) waste (Not Shown)
(T
©
Q
(U] 090 ”
R il
‘.6 (L\ -
g ]
| i
N
\)
Q
N Egh
N~
[

EXISTING PLANT
1,592,568 MMBTU/YR
(6,000 SCFM)
CAPACITY

End date reflects the life
of the current contract
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Review of Agreements and Contracts

* Existing gas rights or other
contractual obligations

* Who owns/operates?

* Who brings the money?

e
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. Review of Agreements and Contracts
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* Royalty/payment structure
» Base/Adders
= Environmental Attributes

e Media and Liquid Waste
» Back to landfill?

* Hazardous wastes

e
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| Permitting

* Wetlands
* Rivers/Streams
* Right of Way

* Miles and miles,
oh my!

e Interconnect (is
that a 4 letter
word?
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l Permitting Continued

* Virtual Pipelines
= One project to pipeline
= Multiple projects to pipeline 3
—Particularly in NY for farm projects &

Al generated photo
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Engineering Design

« Site layout - Fueling/Pipeline

* 3D modeling
* Roads, stormwater, access, parking
infrastructures design

Temporary facilities for construction (fencing,
traffic deviation, laydown area, trailer park)

884"
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' Engineering - Process
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* Optimization of processes HAZOP, What-If, LOPA)

(Six sigma, KPI) * Process Safety Management as

* Processes simulation - steady per OSHA
state and dynamic mode « PED. P&ID. MSD

* Trouble shooting Services
(Kepner-Tregoe)

* Technical assistance
" Training Manuals =5
= Start-up '

* Energy efficiency (Pinch)
 Heat and mass balances
 Heat transfer calculations

» Performance specifications for
equipment and packages

* Process Hazard Analysis (HAZID,

B
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Engineering - Mechanical and Piping

Equipment and piping

» Hydraulic analysis and calculations (i.e. Pipe Flow, Hysys, SynerGEE)
« Analysis and equipment specifications

* 3D modeling, isometrics

 Pipe stress analysis (i.e. Caesar)

* Transient analysis (i.e. water hammer) %
 Design of tanks and pressure vessels 1 '
» Standards: ASME, API, NFPA 5
Mechanical

« HVAC

 Fire protection systems
 Utilities: water, air, steam

7\

. B

Federation of New York Solid Waste Associations Conference with Trade Show




Engineering - Electrical

Utility Interface and Distribution

 Electric substation

* Switchgear, MCC

* Power generation

« Utility interconnect

* Heat tracing, lighting, heating &
services

* 480V, 4160V, 15KV

Electrical Studies and Calculations
* Hazardous area classification study

.

Lighting study per area

Power flow study and electrical load
calculations

Voltage plan motor starting analysis
Short-circuit and protection
coordination

Grounding and voltage drop
calculation

Arc flash analysis

Electrical harmonics analysis
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Engineering - Instrumentation
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* P&ID : } o
* Instrument specification (datasheet)
* Control valve sizing

* Process analyzer

* Flow element selection and analysis
 Distributed control system (DCS)

* Programmable logic controller (PLC)
 Safety instrumented system (SIS)

« Supervisory control and data acquisition
(SCADA)

» SIL verification / calculation

et
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HazOp Review

Main steps of a risk study

Preparation

Team
Scope
Approbation

Report and

. Recommendations
Recommandations

Approval

Risks identification

Interaction (matrix)
Methods: Hazid, What-If, Hazop, LOPA

Transfer to engineering

Procedures Review
Audits
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Closing

Follow-up
Corrective
actions
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Project Delivery Approach
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Execute and Control — Integrated
Project Delivery System

Initiate Close

Prepare

Track
and Control

Bdets

Scope Management
* Change Management
Planning » Workplan Management

Prepare Project and » Resource Management
Execution Plan ! Resource (Time, Cost, People)

Selig » Scheduling
‘ + Quality Management

Startup
Kick-off
Meeting and
Client
Alignment
Session

| |
| |
| |
| |
i i
| Schedules, i
| |
| |
| |
| |
| |
| |

Reporting, Completion,
Communication Close-out, and
(No Surprises) Lessons Learned

Transition Plan

Review
Quality and
Progress

Risk and Issue Management
olvement
on Management

T

——
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Field Document
Control Plan

Commissioning
Plan

Field QA/QC
Plan

Field Materials
Management
Plan

Construction
Execution Plan

Site Health and
Safety Plan

Construction
Plan

23



onstruction
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BIOCNG

¢
{lanal

Federation of New York Solid Waste Associations Conference with Trade Show




'l'.b TETRA TECH

 Startup, Troubleshooting & O&M
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Project Delivery Approach

Integrated
Project Delivery

Open
Communication
with Client — No

Surprises

2 f

Change
Identification &
Management

Culture of Safety,
Quality &

\Sustainability

Successful
Project
Execution

/—~

Pre-Project
Planning:

Budget,

Schedule, &
Project
Execution Plan
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Scope of Work
Clearly Defined

T ammn

Risk
Identification

and
wnagement

Alignment to
Client Objectives
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Thank You!

Questions?
Daryl R. O’Dell

845-649-8206


mailto:Daryl.odell@tetratech.com

