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ABSTRACT
Sources of renewable energy and alternatives for their utilization are issues of increasing
importance in North America and around the world. The prices of traditional fuels such as oil
and natural gas have experienced volatile swings as a result of world events and dwindling
resource inventories. Due to increases in the price of traditional fuels, the interest in and

awareness of alternative energy and fuel sources to replace traditional fuels are becoming more
heightened across all industries. Municipalities are realizing the value of utilizing digester gas
generated at wastewater treatment plants as a renewable fuel source.

While the utilization of digester gas is a worthy objective for many wastewater treatment
facilities, the implementation of such a project can be challenging and problematic. As most
wastewater treatment plants were constructed many years ago, space within these sites was not

allocated for energy production facilities. In addition, there are integration conflicts associated
with potential plant capacity upgrades and plant technology improvements. Interconnection to
existing electrical systems, hot water heating systems, and digester gas systems are some of the
other complications to be considered. The City of Hamilton, Ontario faced all of these challenges
at the Woodward Avenue Wastewater Treatrnent Plant (WWTP).
Planning and technical issues aside, financial prioritization for these projects is generally lower
in the municipal environment where process-related priorities take precedence. The City of
Hamilton managed this challenge through the creation of a special purpose corporation with the
objective of revenue generation through power production.
This paper will focus on the integration considerations and strategies associated with planning,
designing, and building a digester gas utilization plant for the City of Hamilton.
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INTRODUCTION
The City of Hamilton recognized the value and benefit of producing electrical and thermal power
from the digester gas supply at the Woodward Avenue WWTP. However, there were a number
of significant challenges to the successful implementation of the digester gas utilization project.
These challenges were:
• Legally structuring the project to provide the best financial return to the municipality;
• Finding space without compromising future processes;
• Routing new utilities among the myriad of existing utility systems;
• Determining the best method of using the heat;
• Determining the best method of tying into electrical systems that would be changing as part
of future facility upgrades; and
• Conditioning the fuel sufficiently to meet engine specifications without incurring high costs.

INTEGRATION CONSIDERATIONS AND STRATEGIES
1. Project Legal Structure
During the planning phase of the project, the Province of Ontario announced that it would accept
proposals from public and private entities for the provision of renewable energy through longterm power purchase contracts at premium electricity rates. This opportunity had the potential
for the City of Hamilton to realize a payback on capital investment in the short term and receive
financial benefits in the long term. The challenge, however, was that the Provincial Municipal
Act, which governs how rnunicipalities operate, legally prevented municipalities from becoming
electricity generators.

In order for the City of Hamilton to submit a proposal, and then be considered by the Province
for award of a Provincial Renewable Power Contract, the City had to ensure all of the terms and
conditions established by the provincial government could be met. Specifically, the condition
requiring proponents to be registered as a licensed electricity generator was the greatest legal
impediment.
As a solution, City staff approached City of Hamilton Council with a detailed report seeking
permission to create a private corporation that would be owned by the City. This separate
corporation could register as a licensed electricity generator in the province and therefore submit
a detailed proposal to the province with the objective of securing a renewable power contract.
This recommendation was approved by City Council and Hamilton Renewable Power Inc.
(HRPI) was created for the sole purpose of pursuing renewable power initiatives for the City. A
Board of Directors was created consisting of City staff and appointed members of Council.
HRPI then pursued and was successful in obtaining a renewable power contract from the
Province to build a 1.6 MW methane-powered co-generation facility to be located at the City of
Hamilton's main wastewater treatment facility, the Woodward Avenue WWTP.

2. Planning for the Future
The City of Hamilton has a strong concept of its future facilities planning requirements and
objectives. Through a review of the City's Master Plan, most of the potential areas for a
utilization plant were eliminated due to conflicts with other expansion plans for the facility. The
wastewater process expansion plans for the facility took precedence over the co-generation
requirements because the wastewater process considerations (flow, head, etc.) could not be

compromised without significant future costs.
Following the elimination of areas in use by the plant or reserved for future use, it was
determined that the majority of the remaining spaces were small, odd-shaped areas unsuitable for
building a new greenfield power plant. Additionally, none of the existing buildings had excess
space that could have been used to accommodate the co-generation equipment.

To allow the project to proceed, maximum power density needed to be used to place the largest
amount of generation capacity feasible into the smallest amount of physical space. The
containerization of a high-density power generator set into a compact power module provided
the most feasible solution to the siting difficulties faced at the Woodward Avenue WWTP.
While maximum power density was required, compromises in operations and maintenance were
not acceptable. Therefore, the power module was enlarged to allow unimpeded and weather-

protected access to the engine and auxiliaries. Unlike a standard ISO storage container, the
modular concept building provided generous access to the engine and related equipment for
operation and maintenance requirements. With a Caterpillar G3520, 1600-kW digester gas
engine generator set situated in a containerized format, it was possible to achieve the maximum
power density in terms ofkW per square foot. Table 1 provides the general power module data.

Table l -Power Module Data
CategolT
Co-Generation Prime Mover

Electrical Output
Recoverable Thermal Output
Fuel Consumption at Full Load

Spec!fication
Caterpillar G3520

1600 kW
1538 kW
380 scfm based on fuel with 65% methane

Photo 1 -Exterior of Power Module with Gas Storage Sphere in Background

Photo 2 - Generator Equipment Clearance inside Power Module

3. Utility Interference
Given the limitations of the site and future planning considerations, the power rnodule was
situated as close as possible to all of the utility tie-in points. Required connections to plant
systems were numerous, including connection to medium voltage systems (4160V), low voltage
systems (600V), SCADA communication systems, telephone systems, hot water systems, and
digester gas systems.

Using a high power density co-generation module with a very small overall footprint made it
possible to locate the equipment closer to several utility tie-in points than would have been
possible for a new stand-alone building.
The interconnection to existing digester gas systems, hot water systems, and medium voltage
systems was complicated by the existing dense network of underground utilities present at the
site from over 50 years of plant upgrades. The underground routing of the new utilities posed
great concern for potentially disturbing the existing underground utilities that are in various
stages of their life cycle. The disturbance of an unknown utility could result in wastewater
processing interruptions, environmental contamination, construction delays, and increased
construction costs.

To minimize the potential for disturbance of the existing utilities, an overhead utility structure
(utilidor) was selected for utility transmission. The utilidor consisted of several individual
vertical hollow steel section (HSS) columns complete with horizontal HSS members to support
the cable tray, hot water piping, and digester gas piping. Based on the soil conditions present,
utilizing 450mm diameter caissons, 2m in depth, provided a suitable foundation to anchor each
of the individual structures. To reduce the potential for damage to existing utilities during
construction, traditional excavation equipment was not employed. Instead, the utilidor
foundations were excavated using high-pressure water and a vacuum truck. The high-pressure

water eroded the soil in the area of excavation while the vacuum truck removed the resulting
slurry, allowing any existing utilities that might be encountered to be safely revealed, protected,
re-located, or avoided depending on the site-specific conditions.

Photo 3- Utilidor Structure Conveying Hot Water, Digester Gas, and Electrical Systems

4. Heat Utilization
The existing method of process and space heating at the wastewater plant utilized natural gasfired hot water boilers in a centralized Boiler Plant. A hot water heat distribution system delivers
heat to several of the facility buildings as well as the two digester complexes. Due to the
location of the existing Boiler Plant some distance from the digesters and the fact that the buried
hot water piping is poorly insulated, significant heat losses occur.
Ideally, the preferred process method in a co-generation environment would be to inject cogeneration heat into the hot water system's return line (immediately before the boilers). This
ensures that the maximum use is made of the co-generated heat and that the boilers are
minimally operated to "top-up" the system (or to back up the system when the co-generation
system is out of service). Under this set up, the boilers should rarely operate in the summer
months, lightly operate in the shoulder months (spring and fall), and then operate on a variable
basis in the winter months as the heat demand dictates. Under this scenario, heat injection by the
co-generation system would be provided where it can contribute the most toward the plant
heating requirements.

However, injection on the boiler return line was not a practical alternative at the Woodward
Avenue WWTP due to the distance between the selected location of the co-generation unit and
the Boiler Plant. In order to connect to the best theoretical process location, a significant amount
of new piping would have been required at a significant cost.
As a result, an alternative tie-in location needed to be selected. At the Woodward Avenue
WWTP, there are two digester complexes, which are heated by the hot water distribution system.
The two complexes are located in series with each other on the hot water loop. Therefore, the
best tie-in point, from the perspective of both the process and proximity to the co-generation
unit, was to "top up" the hot water system with heat after it leaves the first complex and before it
feeds the second complex. The presence of the co-generation unit will improve the hot water
temperatures supplied to the second digester complex and will contribute heat to the overall
system, thereby reducing boiler operation as much as possible.

5. Electrical Interconnection
Electrical interconnection also offered challenges for a nurnber of reasons. The location of the
WWTP main sub-station, both electrically and physically, was a factor to be considered during
the design of the utility protection systems. In addition, the existing sub-station is aged and will
require replacement in the relatively near future. The City is contemplating significant electrical
distribution upgrades including changes to the utility power connection structure. The likelihood
of future changes and the uncertainty regarding the exact nature of the changes caused difficulty
in designing the co-generation system connection.

In general, connection to the electrical utility grid requires a utility interface protection system to
monitor the electrical utility system and ensure that the generator is disconnected under abnormal
conditions. The utility interface protection system includes the monitoring of system parameters
(e.g. voltage, current, and breaker/switch positions). The utility interface protection system must
also include a control element to ensure that the generator is separated from the grid when
necessary. The protection panel may also have communication devices to interface with the
electrical utility's protection system.
Typically, the utility interface protection system is located at or near the point of connection
between the generation facility and the electrical utility. In this case, the generation facility was
deeply embedded in the WWTP's distribution system and situated a significant physical distance
from the WWTP main sub-station.
Due to the potential replacement of the sub-station in the future, some protection elements were
installed in locations other than the sub-station to simplify the conversion of the power systems
once the new electrical system is installed. A simplified conversion process with appropriate
planning will significantly minimize the amount of off-line time for the co-generation unit during
the future electrical upgrade work.
Some elements of the protection systems needed to be installed in the existing main sub-station.
Field devices (potential transformers, current transformers, breaker auxiliary contacts) and utility

feeder fault detection relays could not be installed in locations other than the main sub-station.
However, the utility interface panel (UIP) was located at the co-generation unit and fibre-optic
communications were terminated at the co-generation unit. By installing the UIP and fibre
systems at the co-generation unit, a new sub-station could be installed with minimal transition
downtime.

Photo 4 - Utility Interface Panel Located in Power Module

6. Digester Gas Treatment/Conditioning
Digester gas, produced from the anaerobic digestion process of wastewater solids, is primarily
composed of methane (CH4) and carbon dioxide (CO2). However, it is generally the minor
constituents of the gas that cause problems with combustion equipment. Moisture, siloxanes,
and hydrogen sulphide (H2S) content capture the most interest and can result in "show-stopping"
project costs associated with treatment of the digester gas. A thorough analysis of the fuel
source can determine the level of fuel quality risk. Often, careful extraction of moisture through
gas chilling and condensing will prevent most problems.
Digester gas at the Woodward Avenue WWTP was collected and laboratory tested. The test
results indicated relatively favourable H2S levels. As a result, elaborate gas scrubbing was not
required to meet the generator set manufacturer's specifications. However, good practice for gas

engines is to remove particulate moisture and as much saturated moisture as possible from the
fuel. In many cases, the removal of moisture also results in the removal of other soluble

contaminants and improved the gas quality.
A gas conditioning system was designed that involved chilling the compressed digester gas to 2
to 4 degrees C to condense as much moisture out of the gas as possible. As the chilled gas would
still be saturated, the gas would then re-heated to 20 degrees C to move the gas away from a fully
saturated state prior to injection into the engine. Additional precautions were also added such as
a de-mister (downstream of the chiller-condenser) and a fine particulate filter located at the
engine.

The gas conditioning systems notwithstanding, it was recognized that, as a result of changes in
wastewater characteristics or potential digestion system technology improvements, the fuel
characteristics could change over time and H2S concentrations or other contaminants could then
increase. Therefore, connections for future gas treatment (i.e. carbon scrubbing, etc.) were

installed to accommodate any required upgrades in the upcoming years.

Photo 5 - Digester Gas Chiller-Condenser

Photo 6 - Digester Gas Re-Heater

SUMMARY
As described in this paper, there are many financial, planning, and design considerations required
for the successful implementation of a digester gas co-generation project. The technical issues
and some corresponding considerations are summarized below.

Project Issues
Location

Considerations
Existing process locations
Future process systems space allocation and

consideration of entire plant master plan for the future
Proximity to digester gas systems
Proximity to hot water systems and boiler plants
Proximity to electrical systems
Utility Tie-ins: General

Presence of existing underground utilities
Likelihood of future changes to hot water, digester
gas, or electrical systems

Utility Tie-In: Hot Water

- Proximity to existing hot water distribution system
- Proximity to boiler plant and/or thermal loads
- Provision of heat to reduce plant natural gas
consumption
- Influence on hot water pumping systems or the
requirement for new pmnps

Utility Tie-In: Electrical

- Proximity to electrical sub-station or distribution
- Cormnunications requirements to utilities
- Sub-station electricalprotection requirements

Utility Tie-In: Digester Gas

Proximity to existing digester gas
Capability of digester gas compression systems
Digester gas storage is beneficial for buffering

Digester Gas Treatment/

Determine presence of H2S and treatment
considerations if higher levels present
Allow for future changes in treatment
Evaluate siloxane removal costs in comparison with

Conditioning

increased engine maintenance

Maximize particulate moisture removal
Maximum saturated moisture removal
Re-heat gas to decrease saturation level

CONCLUSION
The success of the development and integration of the Hamilton Digester Co-Generation Facility
into the existing Woodward Avenue WWTP infrastructure is attributed to four major factors:
• The City aggressively pursued and was successful in finding legal mechanisms to allow
revenue generation from power production;

• The City had a good understanding of the wastewater plant's future through Master
Planning;
• The Co-Generation Facility was designed to fit into the existing infrastructure; and,
• The Co-Generation Facility was designed to accommodate both the existing infrastructure
and the expected short- to intermediate- term plant upgrades.

