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DISCLAIMER

The objective of this study is to provide an informational benchmark from which individuals and
groups in B.C.’s agricultural sector can inform decisions pertaining to the development of on-
farm anaerobic digestion (AD) systems. Benchmarks have been drawn based on the analysis
and summation of feasibility studies developed for twelve (12) farm-sites in B.C. The twelve sites
were selected with the intention of representing geographic, demographic and circumstantial
variances.

All readers should note that an AD project is highly site specific. As such, all information
presented herein is subject to interpretation and re-evaluation by the reader. Prior to
commencing with the development of an AD project, an experienced AD consultant should be
engaged to ensure soundness of project assumptions and parameters. Information in this study
is provided to the user at his or her own risk. CH-Four Biogas Inc. and the B.C. Agricultural
Research and Development Corporation will not be liable for any claims, damages or losses of
any kind arising out of the use of, or reliance upon, this information.

Agriculture and Agri-Food Canada (AAFC) is committed to working with industry partners.
Opinions expressed in this document are those of CH-Four Biogas Inc. and not necessarily
those of AAFC or any of the other funding agencies.



ABBREVIATIONS AND ACRONYMS

AD Anaerobic Digestion

AGRI Ministry of Agriculture

ALC Agricultural Land Commission
ALR Agricultural Land Reserve
B.C. British Columbia

C Carbon

CH, Methane

CHP Combined Heat and Power (Co-Generation)
CoO, Carbon Dioxide

DAF Dissolved Air Flotation

ESA Electric Safety Authority

FIT Feed-in-Tariff

FOG Fats, Oils and Grease

GHG Greenhouse Gas

GJ Gigajoule

HRT Hydraulic Retention Time

kw Kilowatt

K Potassium

kWh Kilowatt Hour

M3 Cubic Metre

MOE Ministry of Environment

MW Megawatt (1,000kW)

MWh Megawatt Hour

N Nitrogen

NH; Ammonia

OLR Organic Loading Rate

OSEA Ontario Sustainability Energy Association
P Phosphorus
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SSO Source Separated Organics
TS Total Solids

TSSA Technical Standards and Safety Authority

VS Volatile Solids
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1. EXECUTIVE SUMMARY

The British Columbia (B.C.) Anaerobic Digestion Benchmark Study was undertaken to evaluate
the feasibility of developing on-farm Anaerobic Digestion (AD) systems at twelve (12) agricultural
sites. These sites were chosen to be representative of a broad demographic of B.C.’s agriculture
sector. Using information from these sites, this study modeled specifications and parameters to
determine the capital and operational costs for AD system development and operation. This
included determining necessary energy tariffs and funding amounts to achieve economic viability
using the sale of electricity or biomethane as the primary revenue source.

Anaerobic Digestion (AD) refers to the microbiological decomposition of organic feedstocks® in
an oxygen-free environment. The main product of this process is a combustible gas, referred to
as “biogas”. Biogas can be used in a variety of ways, most notably to produce electricity or it can
be upgraded to biomethane (a natural gas substitute). Although the general process of AD is
consistent across technologies, the extraction, storage and utilization of biogas can vary.
Furthermore, system scaling and technology parameters must be considered before undertaking
an AD project.

The environmental benefits of an AD system are extensive and are often the primary driver for
project development. These benefits include pathogen and odour reduction of over 90%, capture
and destruction of greenhouse gases (GHGSs), reduced requirement for herbicides as a result of
weed seed destruction and improved nutrient management. AD systems also enable the
production of “co-products”. These include livestock bedding, thermal energy and, in select
instances, recoverable nutrients.

Currently, the proposed regulatory regime in BC is one that unnecessarily prevents development
of on-farm AD systems. One of the key regulatory impediments identified by this study is that the
Ministry of Environment’'s (MOE) proposed On-farm AD Waste Discharge Authorization
essentially limits the volume of non-agricultural feedstocks? an on-farm AD system can accept to
25%°. As a result, the potential number of economically viable AD systems in B.C. is restricted
to a very small number of sites that have an ideal combination of farm size, distance from
interconnection and proximity/access to highly desirable feedstocks. If MOE’s proposed On-farm
AD Waste Discharge Authorization were changed to enable on-farm AD systems to meet the
requirements for accepting 49% non-agricultural feedstocks, the number of economically viable
sites in B.C. would increase dramatically.

In addition to MOE’s effective limitation on non-agricultural feedstocks, B.C. Hydro’s Standing
Offer Program (SOP) currently pays $0.10/kWh for renewable electricity. This rate is so low that,
without additional funding, AD systems in B.C. that produce electricity are unlikely to be
economically viable unless additional financial support is provided.

An alternative option for AD systems in B.C. is upgrading the biogas to biomethane for sale to
FortisBC. Biomethane is a more costly procedure than electricity generation. As such, only AD
systems able to generate biogas from at least 200 lactating cows, with favourable manure
collection methods, and in locations favourable to natural gas infrastructure, are able to pursue

! suitable feedstocks include animal manure, inedible crop residue, spoiled food, food processing waste and grease
trap waste.

2 Non-agricultural feedstocks are all feedstock except manure, used mushroom medium and agricultural vegetation
waste.

% While there is no official ‘limit on the volume of non-agricultural feedstocks an on-farm AD system can accept, the
requirements triggered by exceeding 25% are so onerous and unattainable that it is highly unlikely any on-farm AD
system will be able to meet these requirements.



this option. The advantage of this option is that FortisBC has demonstrated a willingness to
purchase the biomethane at a rate ($15.28/GJ) that will enable some on-farm AD systems to be
economically viable. FortisBC has also indicated a willingness to work with sites to facilitate
economical interconnections.

To be economically viable on small farms in B.C. (i.e. < 100 lactating cows or 3,500m*/year
agriculture feedstock) AD systems require electricity and biomethane tariffs of $0.25 —
$0.35/kWh and $30 — $45/GJ, respectively. Alternatively, these systems require 80%+ funding.
These tariffs and funding amounts are much higher than currently available. As such, it is
unlikely that AD systems in B.C. will be economically viable on small farms unless the tariffs for
renewable energy are increased, or the necessary funding is made available. These systems
would also need to digest 49% non-agricultural feedstocks. Manure-only AD systems are not
considered economically viable at this scale.

To be economically viable on medium-sized farms (i.e. 100 — 250 lactating cows, or 3,500m* —
9,000m®year agricultural feedstock) AD systems require electricity and biomethane tariffs of
$0.19 — $0.29/kWh and $21 — $34/GJ, respectively. Alternatively, these systems require 50% —
85% funding. These tariffs and funding amounts are also not currently available. As a result, it is
unlikely that more than a small handful of AD systems in B.C. will be economically viable on
medium-sized farms unless the tariffs for renewable energy are increased, or the necessary
funding is made available. These systems would also need to digest 49% non-agricultural
feedstocks. Manure-only AD systems are not considered economically viable at this scale.

To be economically viable on large-scale farms (i.e. 251+ lactating cows or greater than
9,001m?®year agricultural feedstock), AD systems require biomethane tariffs that are currently
available ($14 — $18/GJ), and electricity tariffs of $0.16 — $0.20/kWh or 45% — 55% funding.
These electricity tariffs and funding amounts are also not currently available. As a result, while
biomethane AD systems in B.C. may be economically viable, it is unlikely that more than a
handful of electricity AD systems in B.C. will be economically viable on large-sized farms unless
the tariffs for renewable electricity are increased, or the necessary funding is made available.
These systems would also need to digest 49% non-agricultural feedstocks. Manure-only AD
systems are generally not considered economically viable at this scale.

It should be noted that the energy tariffs and funding requirements specified above could be
reduced by as much as 25%. However, this will depend upon interconnection costs, the ability to
inject energy onto the grid, and the ability to generate economic value from co-products.

AD systems must also be sized according to their specific Nutrient Management Plan (NMP).
Farmers with a small land-base to apply digestate should either be limited to building a small AD
system, or must show how and where the nutrients from the AD system will be safely land-
applied. Land application of nutrients for farms with insufficient land-bases will increase the AD
system’s operating costs, as this will include the cost of a nutrient recovery system, renting land
and/or transporting the digestate elsewhere.

This study concludes that while farm-based AD systems are technically feasible in B.C.,
economic viability is heavily dependent upon the prices offered by BC Hydro and FortisBC under
their renewable energy programs, and/or the availability of funding. Furthermore, the
implications of regulatory requirements, such as MOE’s proposed solid waste discharge permit
and site-specific NMP, are also of critical importance.



2. ABOUT THIS STUDY

2.1 Purpose

The B.C. Anaerobic Digestion Benchmark Study is the product of an initiative to provide B.C.’s
agricultural producers with comprehensive, case-specific information on the development of on-
farm AD systems. While AD studies have been completed in B.C. before, none have addressed
the case-specific variability inherent to on-farm AD systems. Furthermore, no preceding study
has achieved a comprehensive review of individual project factors. As such, no study has
enabled AD project proponents to make informed decisions about AD system development
without first exposing themselves to significant financial risk in the form of a feasibility study that
might return a foreseeable negative verdict.

In other jurisdictions, where the value of supporting on-farm AD systems has been recognised,
initial risk has been reduced through funding for private feasibility studies. In B.C., there is no
funding available for an AD feasibility study program. Instead, twelve (12) agricultural sites have
been selected with the intent of creating AD benchmarks for electricity and biomethane tariffs.
Using these benchmarks, stakeholders in B.C.’s agricultural sector can perform their own
preliminary feasibility analysis before deciding whether or not to invest the necessary capital for
their own feasibility study.

For the individual producers involved in the study, the benefits include an analysis of the
technical feasibility and economic viability of integrating an on-farm AD system into their
agricultural operation. The study also provides the individual sites with the circumstances and
pricing requirements under which the AD system would be economically viable (if not currently),
and an implementation plan (Appendix A) to follow should they decide to install an AD system.

For agricultural and agri-food stakeholders, the benefit of this study is that it can be used to
assess the feasibility of integrating an AD system into agricultural operations across a
representative sample of B.C.’s agricultural sector.

For the provincial government, this study serves to give a clearer understanding of the near,
medium and long-term economic viability, costs and benefits of on-farm AD systems across
agricultural operations in B.C. This study also highlights current barriers to adoption and
estimates the amount of financial support necessary to facilitate AD adoption throughout B.C.’s
agricultural sector.

2.1.1 Intended Audience

This study is intended to be used by parties interested in developing on-farm AD systems in the
province of B.C. The conclusions reached in this study allow producers to undertake preliminary
evaluations of the economic viability of AD systems at their operation, and to better understand
what is needed to create favourable project conditions.

2.2 Process of Selecting Participants

To develop the benchmarks at the core of this study, individual, non-partisan participants were
required to generate site-specific information. Participation in the study was solicited through
email, forwarded by relevant agricultural organizations and associations to their members, and
direct contact between the B.C. Agricultural Research and Development Corporation and
producers known to have an interest in AD. Twenty-one (21) individual farms and food
processors responded to the call for participants, from which twelve (12) were selected to
participate in the study.



The selected participants were chosen based on the following criteria:

e Representative of a diverse demographic, including, but not limited to, farm type, farm
scale, geographic location, distance to three-phase grid, distance to natural gas grid and
existing availability of additional and/or unique feedstocks;

e A preliminary estimation of project feasibility, and;

e A willingness and ability to contribute $5,000 towards the development of their own
study.

2.2.1 Demographic Coverage
A map of the twelve (12) participating sites is provided in Appendix B. Selected participants
cover the following demographics:

o Geographic
o Northern B.C. (2 participants);
o Vancouver Island (2 participants);
o Fraser Valley (7 participants); and
o Okanagan/Interior (1 participant).

e Farm Type
o Dairy (9 participants not limited solely to dairy);
o Beef Cattle (2 participants not limited solely to beef);
o Hog (2 participants not limited solely to hog); and
o Poultry (2 participants not limited solely to poultry).

e Farm Scale
o Small, medium and large scale farm operations;
o Partnerships and individual sites; and
o Single livestock manure source and multiple livestock manure sources.

o Energy Export
o Three-phase on-site and 100m — 2.5km+ from the project location; and
o Natural gas on-site and 100m — 1km+ from the project location.
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3. ANAEROBIC DIGESTION

The following section provides essential background information relating to AD technology and
its various processes. Also included are the anticipated components and requirements of the
proposed AD systems participating in the AD Benchmarking Study.

3.1 Biogas 101

The term anaerobic digestion refers to the microbiological decomposition of organic feedstock in
an oxygen-free environment. The main product of this process is a combustible gas, commonly
referred to as biogas. Biogas is typically comprised of 60% methane (CH4) and 40% carbon
dioxide (CO,). By comparison, natural gas is typically 97% — 99% CH,.

An anaerobic digester is an engineered system designed to optimize conditions for AD. This
enables the efficient conversion of organic feedstock into biogas and their base elements, which
are then best used as a nutrient-rich fertilizer. This process significantly reduces odour and
pathogen levels through the microbiological breakdown of volatile organic compounds and
pathogenic organisms. Greenhouse Gas (GHG) emissions are lowered by capturing CH,4 gas
that is normally emitted from traditional organic waste management systems. Biogas can then
be used to produce renewable energy in a number of forms such as electricity, heat and
upgraded natural gas (known as biomethane).

The production of biogas involves the interaction of different processes. The first process is
hydrolysis, which involves the destruction of organic cells to create substances such as amino
acids, fatty acids and sugars. Hydrolysis is the single greatest determinant of AD system sizing.
The second phase is fermentation, which involves the conversion of the products of hydrolysis
into amino acids, propionate and long-chain fatty acids. The third phase is methanisation,
during which CH, gas is produced from the products of fermentation. This process is
demonstrated in Figure 1.

The amount of time feedstock is required to remain in the AD system depends on its digestibility.
Once the feedstock has been broken down, the proceeding processes take place in a defined
time period. A minimum retention time of 20 days should be maintained to avoid bacteria ‘wash
out’, which means the growth of the bacteria is slower than the amount of time it spends in the
digester.
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Figure 1: Anaerobic Digestion Process Flow Diagram
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3.2 Anaerobic Digestion Technology Types

While there are a number of AD technology types, each ultimately serves to achieve the same
goal: to optimize the AD process. That being said, some technologies are more apt at achieving
pathogen and odour reductions, while others have demonstrated higher biogas vyields.
Differences in performance between technology types are typically within a relatively small
range. As a result, it can be concluded that all AD technologies will achieve the same benefits,
only to slightly different degrees. As discussed in the “Assumptions and Caveats” section, this
study bases its assumptions on “complete-mix” AD technology.

3.2.1 Complete-Mix Systems

Complete-mix AD systems are continuously fed and, as the name implies, completely mixed.
The digester vessel is typically a round, insulated tank made from reinforced concrete, steel or
fibreglass. Effluent is produced at the same rate influent is introduced; as such, there is a
constant flow of feedstock. It is common for systems to be partially in-ground, although this is not
necessary. Hydraulic heating is most often installed inside the digester, although influent
feedstocks can be circulated through an external heat exchanger to maintain desired
temperatures.
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Complete-mix systems are typically agitated with a propeller mixer, although liquid recirculation
pumps or compressed biogas can also be used. A floating or fixed gas tight roof collects
produced biogas. The complete mixed digester is best suited to process influent feedstocks with
5% — 12% total solids (TS), although lower and higher TS levels may be possible under certain
circumstances. Hydraulic Retention Time (HRT) is typically 20 — 50 days. The majority of on-
farm AD systems in Canada are complete-mix systems. This is because the primary motivation
is sale of electricity or biomethane. In instances where odour control or waste management are
the primary motivators, other technology types are often utilized.

3.2.2 Plug-Flow Systems

A plug-flow digester system is a long, narrow design where feedstocks are continuously fed into
the vessel and flow is primarily maintained through control of influent TS and system feeding
schedule. Agitation is used in some plug-flow systems to assist with feedstock movement. Each
of the stages of the AD process (as described in Section 3.1 and Figure 1) occur in isolation as a
result of the flow-controlled, singular direction processing associated with plug-flow systems.
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In theory, feedstocks in a plug flow digester do not mix longitudinally as they pass through the
digester. Instead, they can be imagined to flow as a plug, advancing towards the outlet
whenever new feedstock is added. When the feedstock reaches the outlet, it discharges over an
outlet weir arranged to maintain a gas tight atmosphere. In actuality the feedstock does not
remain as a plug and portions of the feedstock flow through the digester faster than others, while
some settles or floats and remains in the digester.

Cover
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Plug-flow systems are typically constructed using reinforced concrete, steel or fiberglass with a
gas-tight cover to capture the biogas. Because it is not common for plug-flow systems to have
gas storage built into the system design, external gas storage is often required. Plug-flow
systems require a feedstock with a TS of 11% — 14%, although lower and high TS levels may be
possible under certain circumstances. Feedstock TS is particularly important for systems that do
not employ mechanical agitation to facilitate feedstock movement. HRT is typically 15-20 days.
Typically, plug-flow systems are used where odour and pathogen reduction are the primary
motivation, as they are often not as productive as other types of AD systems.

3.2.3 Upward-Flow Anaerobic Sludge Blanket Systems (UASB)

Upward-Flow Anaerobic Sludge Blanket Systems (UASB) systems crate a floating blanket of
granular material that serves as a constant medium for bacterial growth. Feedstock passes
upward through the blanket and is processed by the bacteria. Flocculants may be used to
suspend the blanket if there are issues with blanket placement. UASB AD systems are most
commonly tall, vertical tanks in which feedstocks are introduced at the bottom and removed post
digestion at the top.
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It takes approximately 30 — 90 days for the sludge blanket to develop and create the correct
conditions for AD. The blanketing of the sludge enables a dual solid and HRT in the digester.
Typically these systems are used with lower TS feedstocks such as wastewater and brewery
waste. These systems are often labour-intensive and difficult to manage, and, as such, are not
appropriate for on-farm use.

3.2.4  Dry Fermentation

Dry fermentation AD systems involve digestion of feedstocks with high solids contents, most
often 20% TS and above, and with a moisture content of less than 75%. Dry fermentation AD
systems most often involve “garage” style vessels, whereby feedstocks are introduced in
batches through a garage door. The vessel is then sealed and the AD process is started, most
often through the removal of oxygen. The process is encouraged through the introduction and
recycling of methanogenic inoculums and leachate. The feedstock remains stationary in the
vessel for a pre-defined period of time and requires no mixing. Average retention time for this

style of AD is 28 days.
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The AD process occurs in defined, sequential stages. An important consideration for dry
fermentation systems is that because biogas production and quality varies throughout the AD
cycle, biogas availability will be variable throughout the batch cycle. Furthermore, opening and
closing of the entrance to an AD vessel to introduce and/or remove feedstocks results in the
addition of oxygen. This not only reduces effectiveness of anaerobic bacteria, but also reduces
biogas quality. This method of digestion is best suited for high TS material, and as such is
generally not recommended for on-farm use.

3.2.5 Internal Circulation (IC) Reactor

Internal Circulation (IC) Reactors are similar to UASB digesters in design, although with a few
key differences regarding the ‘blanket’ and feedstocks used. Typically this type of digester is
used for wastewater digestion and is not suitable for higher TS feedstocks. Biomethane
production using low TS feedstocks is improved over standard USAB digesters, and the
technology is more commonly used in European jurisdictions.
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3.3 Energy Use Options
Biogas produced in an AD system is a valuable fuel that can be used in a variety of ways. The
following discusses energy management options and their respective implications.

3.3.1 Co-Generation

Cogeneration, also known as combined heat and power (CHP), is the use of a single fuel to
generate both electricity and heat simultaneously. This option is the most common for on-farm
AD systems, as it typically supports the most favourable economic conditions at the average
farm scale system. Electricity is most often exported for sale to a local utility, while thermal
energy is used to meet the heating requirements of the AD system and any other on-site loads
nearby (less than 500m and based on site specifics). It is common for a CHP to produce more
thermal energy than an AD system requires for operation.

3.3.2 Upgrading

Upgrading refers to the processing of biogas to achieve a CH, concentration of 97% or higher
through the removal of CO, and other contaminants. Once upgraded, the biomethane must be
compressed to meet local pipeline pressures before being fed into natural gas grid for purchase
by the local utility. Alternatively, the biomethane can be compressed and sold as a vehicle fuel.
Because upgrading technology is capital intensive, the economics do not scale down as well as
co-generation. As such, upgrading is typically only feasible for the larger scale on-farm AD
projects (200+ cows and favourable manure collection practices). For more information on
upgrading technology as it applies to on-farm AD systems, please reference the following study:
www.lifesciencesbc.calfiles/PDF/feasibility study biogas.pdf

3.3.3 Direct Combustion

Direct combustion refers to the use of biogas in a combustion system. The two most common
combustion systems are boilers and flares. Boilers produce useable thermal energy and, in most
cases, are integrated with an existing process which can make use of produced heat in the form
of steam. Natural gas boilers are the most suitable for use with raw biogas; however,
consideration must be given to the lower btu content of biogas as compared to natural gas.
Flares are used to safely dispose of excess biogas. They may be used in the event of generator
down-time, or for excess biogas production.

3.4 Co-Products, Additional Revenues and Costs

AD systems produce a number of beneficial co-products beyond biogas. These co-products offer
potential benefits to a broad spectrum of people. Taking advantage of co-product opportunities
should be an important consideration when developing an AD system. The economic case for
co-products should be considered independently, whereby their economic value should offset
the required capital costs to recover them.

3.4.1 Co-Digestion

Co-digestion refers to the process of simultaneously digesting two or more input feedstocks to
achieve optimal system operation and maximise biogas yield. An example of co-digestion is the
combination of an agricultural feedstock, such as manure, with a non-agricultural feedstock,
such as food-processing residue. In addition to system operation and biogas yield, co-digestion
also provides the ability to generate tipping fees for non-agricultural feedstocks. The fees will
depend upon the type and quality of feedstocks delivered.

There is significant experience with on-farm AD systems co-digesting to achieve more

favourable economics. However, while manure-only AD systems typically have stable biology,
the unregulated introduction of non-agricultural feedstocks can be detrimental to both this
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biology and biogas yields. Due to this concern, a regulated mixture of feedstocks is needed to
ensure maximum biogas output and digester health.

3.5 Other Benefits

The environmental and social attributes of AD facilities are far reaching and beneficial to a
variety of stakeholder groups. Odour and pathogen reduction are amongst the most prevalent of
these attributes and perhaps the greatest noticeable benefit for the communities where AD
systems are located. While it can be challenging to assess an economic value of the
environmental benefits of AD systems, their potential should not be overlooked.

3.5.1 Pathogen, Odour and Weed Seed Reductions

Digestate, material which has been through the AD process, has favourable qualities as
compared to raw feedstocks. These include reductions of up to 99% in pathogens, odour and
weed seeds. Reductions in pathogens, most notably E.Coli, help protect freshwater resources
and can reduce the requirement for municipal wastewater treatment. Similarly, significant
reductions in odours associated with the land application of manure are beneficial to local
communities. Reduction in weed seeds is also favourable, as it can decrease farm costs for
herbicides while reducing the requirement for the broad-spectrum application of synthetic
pesticides.

3.5.2  Nutrient Recovery
AD systems impact on-farm nutrient management in two ways:

e The use of non-agricultural feedstocks results in the importation of additional nutrients
onto the farm. These nutrients must be managed according to an approved Nutrient
Management Plan (NMP), which usually involves additional cost; and

e The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake, as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen (N,) are lost in the AD process (i.e.
1% — 10% loss). Furthermore, Potash and Phosphorous (P) concentrations are not typically
reduced as a result of passing through a digester. Organic N, is converted into ammonia (NH3)
contained mostly in proteins.

The selection of non-agricultural feedstocks should take into consideration whether the
agricultural operation and surrounding area have a nutrient deficit or surplus. If a surplus of
nutrients proportionate to the land application base is identified, these nutrients will have to be
transported elsewhere at a cost to the AD system. To help reduce costs, a nutrient recovery
system can be used. However, these systems are typically capital intensive and are not
commonly employed in the agricultural sector’. As such, use of this technology should be
considered in the context of an independent economic evaluation, whereby capital would be
offset by the sale of recovered nutrients and/or the savings for disposal of excess nutrients.

3.5.3 Livestock Bedding

The bedding of livestock using sawdust, sand or other materials may be a significant cost to
farms that use barns for their animals. Separated fibre from digestate material is a suitable
replacement for livestock bedding if properly managed after the digestion process. Depending
on the separation technology selected and desired moisture content, livestock bedding

* There are a number of technology vendors investigating new technologies to facilitate on-farm nutrient recovery.
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production post-AD typically involves a solid separator and optional drying. Research has shown
that post-digested material is a suitable substitute for bedding and will not increase disease or
have any other negative impacts on livestock®.

3.5.4 Thermal Energy

Thermal energy could be available for use through the integration of a co-generation unit, or
direct combustion in a biogas boiler. Farm operations can use thermal energy for on-site or
neighbouring loads (at a distance of typically up to 500m, depending on site-specific conditions).
However, because many heating loads are seasonal, it is likely that for the majority of AD
systems, only a small percentage of the thermal energy will be used (i.e. corn drying). The
economic viability of using thermal energy should be evaluated as a stand-alone option.

3.5.,5 Carbon Dioxide Reduction (Offsets)

Development of an AD system will reduce GHG emissions associated with the normal operation
of a farm with ruminants. This is primarily achieved through the capture and destruction of CH,4
that would otherwise have been emitted to the atmosphere from traditional manure storage.
Similarly, CH,4 capture and destruction from non-agricultural feedstocks may also reduce GHG
emissions, although this will depend on the baseline disposal method for the given feedstock.

Despite the legitimate reductions of GHG emissions, most farms in B.C. are unlikely to generate
economic value through the sale of carbon offsets. This is because on-farm AD systems in B.C.
will likely not generate enough offsets to cover the high costs of delivering these offsets to
market.® Even if an AD system were able to justify the validation and verification costs necessary
to deliver offsets to market, the economic value created in doing so will likely be proportionately
inconsequential (less than 4% of total revenue) when compared to that generated through the
sale of energy and other co-products.

3.5.6  Diversion of Organics from Landfills

In many jurisdictions, a major motivator for the development of on-farm AD systems is the
reduction of organic waste being landfilled. The development of an AD industry creates an
alternative for municipalities to dispose of their organic waste, while also enhancing the
effectiveness of the AD systems. In Germany, for instance, virtually no organic material is sent to
landfills by virtue of their being nearly 8,000 AD systems. By using the organic material to create
biogas locally, and enriching the available nutrients for the farm, AD systems substantially
benefit regional waste collection and disposal.

3.5.7 Diversification of Revenue for Local Family Farms

The primary motivator for AD system owners is the diversification of revenue beyond
conventional agricultural sources. AD systems create a number of tangible revenue streams for
their owners, with the primary stream being renewable energy. Tipping fees, thermal usage,
bedding savings, nutrient recovery and carbon offsets are just some of the other potential
revenue streams. However, because each AD system is unique, the potential to generate
revenue streams will vary on a per-system basis.

® Zitomer et al, Thermophilic anaerobic digester with ultrafilter for solids stabilization. Water Science Technology,
2005; 52: 525-30.

® While most AD systems in B.C. will reduce CO.e emissions enough to generate 1,000 — 3,000 offsets/year, the
minimum number of offsets needed to generate economic value is around 4,000 — 5,000/year.
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3.5.8 Job Creation

AD systems come with the added benefit of creating numerous direct and indirect jobs, both on
the farm itself and for local companies. System labour, qualified professions, feedstock
purveyors and haulers are just some of the jobs created by development of on-farm AD systems.
More information on job creation from on-farm AD systems is provided in Appendix C.
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4, FEEDSTOCKS

A reliable, high quality supply of suitable feedstocks is the cornerstone of any successful AD
system. Feedstocks are not only the source of biogas production they are also the source of
system stability and operational functionality. It is important to consider all factors when
identifying suitable feedstocks. A professionally-developed feedstock recipe and system feeding
regime are critical to ensure that the AD system is stable and operates efficiently. AD system
challenges are most often caused by a problem with feedstock supply quality or quantities, or
poor feedstock management by the system operator.

The following section lays out essential feedstock considerations for the development of an AD
system. Also included in this section is a breakdown of key characteristics of some of the most
common AD feedstocks. This information will serve as the basis for system performance
assumptions and operational parameters for the twelve participating sites in this study, unless
site-specific feedstock information was provided. These characteristics were sourced from third-
party literature and from industry experience with operational systems and research. For a list of
AD feedstock characteristics please refer to Appendix D.

4.1  Agricultural Feedstocks

Agricultural feedstocks, particularly livestock manure, are logical base feedstocks for on-farm AD
systems. The use of purpose-grown “energy crops” in AD systems has become popular in some
regions of the world. Despite this, because the cost of harvesting these crops is prohibitively
high proportionate to the renewable energy tariffs offered by North American utilities, this
feedstock it highly uneconomical. As such, this study does not consider energy crops to be a
viable AD feedstock.

4.1.1  Dairy Manure

Dairy operations are particularly well-suited for AD systems, as dairy manure typically has a
number of ideal characteristics, including TS content, balanced pH, synergistic manure
management process and a natural supply of methanogenic bacteria needed to produce biogas.

Manure management practices are an important consideration for AD systems on dairy
operations. A TS content of 7% — 10% is common for operations with slatted floor, alley scraper
or manual manure collection systems. Those with flush barns will likely have a lower TS content,
resulting in decreased biogas production per tonne of manure, and the need for a larger digester
to achieve the same biogas output. Furthermore, a lower TS content can also result in increased
sedimentation, as suspended solids are more likely to settle. This can result in increased system
maintenance and, subsequently, system downtime. Despite this, AD systems can be adapted to
manage increased sedimentation, which may offset requirements for increased maintenance.

For dairy operations that graze their animals for all or part of the year, refer to section 4.1.2 for
beef cattle manure considerations.

4.1.2 Beef Cattle Manure

Manure from beef cattle operations is similar to dairy manure in that it offers a balanced pH and
a natural supply of methanogenic bacteria. However, the suitability of cattle manure for AD
systems is largely dependent on manure management practices. Many beef cattle operations
are primarily outdoor feedlot operations in which cattle manure is deposited into the feeding
pens. A primary challenge of this arrangement is the significantly higher TS content (above 25%
is common) due to the loss of urine and dehydration from exposure to the elements. A second
challenge is that manure collection and management is intermittent, commonly occurring weekly
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or monthly. As AD systems require feeding on a daily basis, manure management systems must
be capable of facilitating this feeding regime.

For beef cattle operations that do not house animals indoors, or have a daily manure
management system, integration with an AD system requires site-specific considerations. These
include sourcing a low-TS content feedstock (i.e. hog manure or agricultural wash-water) to
enable operational feasibility, as well as adapting manure management practices to enable
constant feeding of the digester, either via daily collection or through the installation of hardware
capable of system dosing.

A further challenge when collecting beef cattle manure is the presence of debris (stones), which
imposes a major challenge for the digester operation. The widespread use of rumensin in beef
cattle diet may also cause biological challenges in the digester. Some scientific research claims
rumensin to be highly inhibitive, while other sources claim it has little or no effect on AD systems
when proper acclimation of the biology is achieved.

These considerations are often consistent with other grazed livestock as well.

4.1.3 Hog Manure

Hog manure is a suitable feedstock for AD as it typically has a low but suitable TS content and a
reliable and stable pH. Hog manure doesn’t have a high concentration of methanogenic bacteria
and, as a result, an AD system would require dairy manure or some other inoculums during the
system start-up. An important consideration for hog manure is that as a result of the mostly grain
based diet, suspended solids are more likely to settle on the floor of the digester. This increased
sedimentation can be accounted for in system design, but may require additional maintenance
to clean out deposits.

Special consideration must also be given to wash-water originating from the hog barn if bins are
cleaned and disinfected when rotating the hogs. This is because disinfectants may be
detrimental to digester biology.

4.1.4  Poultry Manure

Poultry manure is a highly challenging feedstock for AD systems as a result of its high TS
content, high N, content and the common presence of grit. While it may be possible to use in an
AD system, poultry manure should be included in a feedstock recipe only after thorough
consideration is given to the potential impacts it may have on system operation.

The high TS content, commonly 40% — 60%, can be overcome if there is a reliable source of a
low TS content feedstock, which can be used to create homogenized influent TS content of less
than 14% (needed for proper digester operation). The high N, content is more difficult to
overcome and requires high rates of dilution with feedstocks with excellent buffering capabilities
(i.e. dairy manure). An excess of N, in an AD system can result in biological inhibitions and
system failure. While the presence of grit in the manure can be overcome and/or managed
through system design, it can detrimentally affect system operation.

4.2 Non-Agricultural Feedstocks

Although on-farm AD systems are most often established in conjunction with a supply of
agricultural waste, the use of non-agricultural feedstocks enables significantly higher biogas
yields with similar capital inputs. As a result, non-agricultural feedstocks play a critical role in
increasing the economic viability of on-farm AD systems. The following is a description of
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feedstocks which are commonly sourced for on-farm AD systems, as well as considerations for
their receipt and management.

4.2.1  Source Separated Organics (SSO)

Source Separated Organics (SSO) is a broad category of feedstocks intended to encompass pre
and post-consumer residues, such as spoiled produce from grocery stores, food-processing
facilities and restaurant plate-scrapings. The quality of SSO material is paramount to the
successful operation of a digester, and non-organic matter must be removed prior to being
digested. Although material is separated before reaching the digester’s reception tanks, it is still
possible for non-organics to be present, and this must be accounted for. Screening the material
during reception, and the use of an organic isolation system, are ways to ensure the quality of
SSO feedstocks fed into the digester.

4.2.2 Fats, Oils and Grease (FOG)

Fats, Oils and Grease (FOG) refer to the feedstocks available from restaurant grease traps and
used oils. The addition of FOG as a non-agricultural feedstock can be highly desirable as biogas
output increases dramatically without requirements for significant capital investments.

4.2.3 Dissolved Air Flotation (DAF)

Dissolved Air Flotation (DAF) is a water treatment process that clarifies wastewaters (or other
waters) by the removal of suspended matter such as oil or solids. DAF material refers to the
suspended matter which is removed as part of this process. Depending on the source,
management and yield characteristics of DAF are typically similar to FOG.

4.2.4  Abattoir Residues

Residue and wash-water generated by the operations of an abattoir is a source of non-
agricultural feedstock. However, composition and type must be established and tested before
being used in an AD system. Wash-water is typically only desirable if a project requires a low-TS
feedstock to increase fluidity. While viscera and other residue can provide high biogas yields,
they can also present biological challenges in AD systems if used in excessive proportions.

425 Bakery and Brewery Residue

Bakeries and breweries typically have a steady stream of organic residue that, dependant on
composition, can be valuable as a non-agricultural feedstock. Given there are often a multitude
of organic residues from breweries and bakeries, specific feedstock characteristics should be
obtained prior to drawing any conclusions about suitability for use in an AD system.

4.3 Reception of Non-agricultural Feedstocks and Tipping Fees

The reception and use of non-agricultural feedstocks not only increases biogas generation, they
also provide opportunity for AD owners to generate additional revenue through tipping fees.
Because the majority of organic residues are currently going to locations that charge tipping
fees, the same should be true if these residues go to on-farm AD systems.

When negotiating a tipping fee, the AD owner should consider the following:
o Energy yield per tonne of feedstock;
e Purity of feedstocks (i.e. absence of inorganics);
o Capital cost of infrastructure required to receive and manage feedstocks;
e Operating cost of infrastructure required to receive and manage feedstocks; and
e Contract term length.
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A dedicated reception system is required for non-agricultural feedstocks. This system should be
odour-tight and sized to meet the operational needs of the AD system, as well as all regulatory
requirements. Because different feedstocks have different reception and management
requirements, a non-agricultural feedstock reception system should be designed to effectively
manage feedstocks while providing operational flexibility.

4.3.1.1 Hauling Considerations

A major consideration in taking non-agricultural feedstocks is the associated hauling and
delivery costs. Distance from feedstock sources and composition are determining factors in the
terminal costs for reception of feedstocks. Some feedstocks may be valuable enough to justify
long distances and high tipping fees, while other feedstocks may not.

4.3.1.2 Odour Control and Storage of Non-agricultural Material

Non-agricultural feedstocks should be stored in odour-tight reception tanks prior to digestion.
Although odour release may occur during the delivery and transfer of feedstocks, system design
and due care can help minimize any odour emissions.
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5. ASSUMPTIONS AND CAVEATS

The intention of this study is to present benchmarks relating to the development of on-farm AD
systems based on feasibility assessments of twelve (12) AD systems across B.C. Information
used in this study and in the assessment of the individual projects was drawn from third party
sources and from experiences in the development, installation and operation of on-farm AD
systems. The information presented is intended to be as generic as possible to enable informed
decision making by B.C.’s agricultural sector as a whole.

All readers should be aware that AD projects are highly site-specific. Individual technology
suppliers may differ in cost, specification, design and parameters identified in this study. System-
specific information should be confirmed with respective technology providers as part of the
normal project development process.

This study considers projects in the context of complete-mix AD systems for all relevant data
and assumptions. The motivation for this choice is that the majority of AD technology vendors
offer complete-mix systems, and these systems are more commonly deployed in places where
energy production is the primary motivator, such as in B.C.

51 Project Economics

Project economics are based on industry experience and assume the only reliable revenue
stream from an AD system will be the sale of electricity or biomethane. This is because co-
product economics are highly project specific. All pricing calculations and project economics for
the study are based on this assumption. For a detailed capital cost breakdown please refer to
Appendix E.

e Anaerobic Digester Costs
o Capital costs associated with the installation of AD systems were estimated based
on experience in the development of projects in multiple jurisdictions, as well as on
exposure to cost estimates from other technology vendors. While individual
technology vendor cost estimates may vary, the costs presented in this study should
be representative of completely mixed digesters as well as other leading AD
technologies.

o The following components are included in all capital cost estimates for AD systems
presented in this study:

= Concrete and rebar; =  Stainless steel piping and penetrations;
= |nsulation (slab and walls); = Non-stainless steel piping/penetrations;
=  Excavation/granulars/backfill; = Valves, fittings, connections;

= (Gas zone coating; =  Gas cooling field;

= Architectural features; =  Monitoring well;

= Landscaping; =  Gas valves;

= Roof system; = Desulfurization system; and

= Digester mixer; = All system sensors.

= Observation hutch and window;
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5.2

Capital Cost Breakdown
o The capital cost associated with AD systems can be divided based on the following
approximate percentages for individual trade inputs:

= Structural — 40%; =  Architectural — 5%; and
=  Mechanical — 35%; =  Civil - 5%.
= Electrical — 15%;

Operating Costs

o Operating costs associated with all aspects of the proposed AD systems were
estimated based on discussions with CHP and upgrading technology providers, and
based on experience with operational AD systems in Canada.

System Scale and Technology Parameters

Total Solids Content

o A TS content of 3% - 14% in the homogenized incoming feedstock mixture is
established as being technologically viable with traditional completely-mixed AD
systems. The ideal feedstock TS range is considered to be 7% - 12%. It should be
noted that some technology vendors offer AD systems that may be capable of
operating beyond these TS thresholds. However, this is not typical and should
therefore be evaluated independently.

Organic Loading Rate (OLR)

o A maximum theoretical Organic Loading Rate (OLR) of 4.0kg/VS/m? is recognized in
this study. An OLR as close to 3.6kg/VS/m? as possible was established for each of
the AD systems to allow for 10% additional operational capacity and resulting system
flexibility. Actual system sizing and capacities should be specified by the technology
provider selected by the project proponent.

= |t should be noted that the maximum OLR is substrate specific and may be
higher than the standard value of 4.0kg/VS/m3. However, this is highly
dependent on the feedstocks used.

Methane Content
o For the purposes of this study, all produced biogas is considered to have a CH,
content of 60% and CO, content of 40%, unless otherwise specified.

Gas Storage

o Itis assumed that temporary biogas storage will be available on-site and/or as part of
the AD system design to accommodate scheduled and unscheduled downtime of the
primary biogas utilization system (i.e. CHP, upgrading system). It is further assumed
that a minimum of one (1) back-up gas management system is installed as part of
the AD system to accommodate extended downtime of the primary biogas utilization
system.

= Technology vendors usually incorporate gas storage into the AD system roof
design. However, some do not, and for these systems gas storage would have
to be added at an additional cost.

Co-Generation Unit Operational Time

o An operational capacity of 8,000hrs/year has been identified in this study as a
realistic number from which to determine output capabilities of co-generation units.
This results in an up-time of approximately 91%, or an average of approximately
22hrs/day.
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= It must be noted that downtime may be caused by nuisance tripping (i.e. grid
interruptions). This is out of the control of the technology provider and rests
solely with the utility.

¢ Upgrading System Operational Time
o An operational capacity of 8,350hrs/years has been identified in this study as a
realistic number from which to determine output capabilities of biogas upgrading
technology. This results in an up-time of approximately 95%, or an average of
approximately 22.8hrs/day.

e 999kW Limit on Electricity Generation
o For the purposes of this study, a limit of 999kW of electricity generation has been
established. This is due to the cost increase associated with surpassing the 1MW
threshold, as outlined in the BC Hydro Interconnection Requirements for Power
Generators.’

e Thermal Energy Generation
o For the purposes of this study, it is assumed that for every 1kW of installed electricity
generating capacity, 1.2kW of thermal energy is generated. This creates an
opportunity for additional economic benefit to the AD system if a suitable use for the
thermal energy is available. However, due to the highly specific circumstance of
each AD system, it is not possible to generalize economic value for thermal energy.

o The thermal energy produced by an AD system is unsuitable for high pressure steam
applications and should only be considered for low pressure uses.

5.3 Nutrient Management Plans

AD systems require a detailed Nutrient Management Plan (NMP) to operate effectively and
maintain the health of the land in perpetuity. Much like the spreading of raw manure, the land
application of digestate should be scheduled and performed in a manner which allows for
maximum benefit to the land and operational schedule of the farm.

As such, AD systems must be sized according to their specific NMP. Farmers with ample land-
base can install large AD systems and not worry about the land application of nutrients brought
onto the farm. However, farmers with small land-bases will either have to build a small AD
system, or they will have to develop a plan for disposal of the digested material, which may
include renting land, a nutrient recovery system, and/or transporting the digestate elsewhere.
The cost of developing and meeting a NMP should be factored into the initial budgeting for a
project with contracts established as early as possible.

7www.b(:hvdro.com/etc/medialib/internet/documents/info/pdf/info distribution_interconnection requirements.Par.0001.
File.DIR _May 2010.pdf
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6. REGULATIONS, PERMITTING AND APPROVALS

6.1 Project Scope and Classification

At the onset of any AD project, it is necessary to identify the regulatory and approvals process.
These details include, but are not limited to, project scope, footprint, technology type and
characterization of feedstocks.

6.1.1 Scale of Project

AD systems are typically classified by generation capacity and digester size. The majority of on-
farm AD systems will generate 100kW — 999kW of continuous electricity output, equivalent to 1 —
10GJ/hr, respectively, and have a digester size of 500m?3 — 2000m3. Larger systems may have
multiple digesters and/or co-generation units as opposed to a single system.

6.1.2 Feedstocks

A major consideration in the regulatory and approvals process is the type of feedstocks and ratio
of agricultural to non-agricultural feedstocks used. The regulatory process can be challenging to
understand, is not linear, and incorporates consideration of regulations and approvals from
numerous agencies, Acts and regulations.

This study assumes that the On-farm AD Waste Discharge Authorization, produced by the B.C.
Ministry of Environment (MOE) and B.C. Ministry of Agriculture (AGRI) in 2010, is the most
relevant description of the regulatory process.® Under this Authorization, which dictates
feedstock testing and digestate land application requirements, AD systems are categorised into
one of three tiers based on the volume of non-agricultural feedstock used. These tiers are as
follows:

e Tier 1: Use only on-farm feedstocks;
e Tier 2: Use of up to 25% non-agricultural feedstock; and
e Tier 3: Use of over 25% non-agricultural feedstock.

On the surface, this tiered approach may not seem to prevent AD system adoption. However,
the reality is that the requirements triggered by exceeding 25% non-agricultural feedstocks (Tier
3) are so onerous and unattainable that it is highly unlikely any on-farm AD system will be able
to meet these requirements. As such, under the draft Authorization, the volume of non-
agricultural feedstocks that an on-farm AD system can accept is essentially limited to 25%. This
limitation seriously compromises the economic viability of AD systems in B.C.

To remove this unnecessary barrier, the MOE could increase Tier 2 to the use of up to 49% non-
agricultural feedstock, and Tier 3 to the use of over 49% non-agricultural feedstock. To ensure
that this amendment doesn’t have unintended consequences for agricultural land, the
Authorization should also prohibit the use of biosolids and include a clear nutrient management
structure that provides direction for the management and land application of nutrients. This
structure should be created in conjunction with AGRI staff, as they have the necessary nutrient
management knowledge and experience.

® This guideline can be found at:
www.env.gov.bc.ca/epd/industrial/agriculture/pdf/anaerobic-digestion-guideline.pdf

27


http://www.env.gov.bc.ca/epd/industrial/agriculture/pdf/anaerobic-digestion-guideline.pdf

6.2 Regulatory Approval Process, Bodies and Agencies

6.2.1 Agricultural Land Commission

The Agricultural Land Commission (ALC) is responsible for the approval of all “non-farm uses” in
the Agricultural Land Reserve (ALR). During the initial planning and approval process, an AD
proponent is advised to contact the ALC to determine whether an application is necessary. If
required, it must submit an application for Non-Farm Use to the local government. Where
authorized by the local government, the application is forwarded to the ALC for a decision. A site
visit may be scheduled by the ALC as part of the application review process.

6.2.2 Local Government

Local government approval is required for building permits, business licensing and possible
amendments to zoning and/or solid and liquid Waste Management Plans (WMP). Because the
local government must also approve the application to the ALC, it is important to engage both
parties at an early stage of project development. The AD proponent and local government will
need to determine if an amendment to their existing WMPs are required. If no amendments to
either of the WMPs are needed, the proponent can apply directly to the MOE for a waste
discharge authorization permit (see above).

6.2.3  Ministry of Environment (MOE) Regional Operations Branch

A proponent requires either a “Waste Discharge Authorization Permit” (WDAP) or “Operational
Certificate” (OC) from the MOE for an on-farm AD system. If no amendments are needed to the
regional solid and liquid WMPs, an application is submitted directly to the MOE regional office for
a WDAP and, subsequent to favourable application review, public consultation and notice, MOE
will issue a permit.

If an amendment to the regional solid and/or liquid WMP is required by the local government, a
WMP amendment application is filed with the MOE regional office. Upon review and
consultation, the regional office prepares a decision and issues an OC under the regional
district's WMP.

The MOE requires engineering plans as well as feedstock sourcing and usage information prior
to funding approval. Engineering schematics and construction plans can be provided with little
risk of material changes between AD system planning and operation. However, while the
identification of feedstock types is important at an early stage, it should be clearly noted that
system-specific feedstock characteristics and confirmation of all feedstock sources is an
exceptionally difficult requirement to meet. This is because the very nature of AD systems entails
the use of variable feedstocks from variable sources, albeit within a defined set of quality and
guantity parameters. As such, changes in feedstock characteristics for an AD system are
unavoidable as a result of seasonal variations, changes in hauler suppliers, and variant haulers
over the operational life of the project. As such, MOE’s requirements for defined feedstock
suppliers and characteristics remain a significant challenge for on-farm AD systems in B.C.°

6.2.4  Environmental Assessment Office (EAO)

The EAO, whose involvement in the environmental approval process is defined under the
Environmental Assessment Act, conducts the assessment of proposed major projects in B.C.
The involvement of the EAO would only be required for extremely large-scale AD projects of
5MW or greater. This is unlikely to be a requirement for any foreseeable on-farm AD systems.

° Other jurisdictions with greater AD experience typically require operational monitoring of feedstocks to ensure
compliance with established limits (i.e. heavy metals), instead of requiring up-front testing and characterization.
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6.2.5 Current Process for On —Farm AD Projects (for an implementation timeline,
please refer to Appendix A)
[ Have initial feasibility study performed and decide to pursue an AD system ]

NOTIFY REGULATORY BODIES OF INTENT TO BUILD ON-FARM AD SYSTEM

/

/ LOCAL GOVERNMENT (LG) \

The LG or municipality is the first
point of contact for proposed projects.
Inquiries should be made regarding
WMPs, building permits and zoning
issues, as well as relevant
applications and notifications.

A8 o

v

AGRICULTURAL LAND
COMMISSION (ALC)

The ALC should be notified of the
project, and if the project falls within
the ALR, the appropriate applications

should be filed.
If a non-farm use application is
needed, it is submitted to the
municipality ($600 fee).

~N

e

_

~

MINISTRY OF THE
ENVIRONMENT —REGIONAL
DISTRICT (RD)

The RD is notified of the project
and should be asked about any
regionally specific issues
regarding AD systems.

)

PLAN AND DESIGN PROJECT SPECIFICS

P

Identify, analyze and tentatively source
available feedstocks

Have potential feedstocks
tested.

¥

Source consultants and technology

vendors

Create engineering and site
plans.

|

|

Contact local utilities for
interconnection assessment

|

Establish preliminary Power
Purchase Agreement.

|

COMPILE DESIGN/PLANS AND CONTRACTS AND SUBMIT TO REGULATORY BODIES

«—

LG
Contact for building permits, business
licenses, changes to the existing WMP
and possible zoning amendments

based on project specifics.
When LG is satisfied, applications are

forwarded to the ALC.
(8 /

ALC
ALC can schedule a site visit or
ask for amendments prior to

The application package is sent to
MOE for final waste permitting.

issuing approval for non-farm use.

MOE
MOE considers amendments
needed to the regional WMP and
any other ministry concerns
before issuing Operational
Certificate (OC) or permit.

FINALIZE PROJECT PLANS AND DOCUMENTS

/

Finalize engineering and design
plans. Commission contractor
and create project timeline.

Confirm feedstock sourcing
and recipe.

e

—_—

Power Purchase Agreement
confirmed.

- - e - -




6.2.6  Proposed Process for On-Farm AD Projects

[ Have initial feasibility study performed and decide to pursue an AD system ]

NOTIFY REGULATORY BODIES OF INTENT TO BUILD ON-FARM AD SYSTEM

— v ~

LOCAL GOVERNMENT (LG) AGRICULTURAL LAND MINISTRY OF THE
T . COMMISSION (ALC) ENVIRONMENT —REGIONAL
The LG or municipality is responsible DISTRICT (RD)
for building permits and any concerns The ALC should be notified of the
from neighbours. Submit applications project and will decide if the project The MOE is informed of the pending
for new building permits. needs to file a non-farm use project and will be in charge of WDA
application or can proceed without. and effluent testing.

PLAN AND DESIGN PROJECT SPECIFICS

P V N\

Identify, analyze and tentatively source Source consultants and technology Contact local utilities for
available feedstocks vendors interconnection assessment

Have potential feedstocks Create engineering and site Establish preliminary Power
tested. plans. Purchase Agreement.

FINALIZE PROJECT PLANS AND DOCUMENTS

‘/

Finalize engineering and design

DA i Power purchase Create project-specific
plans. Commission contractor, —_— Confirm feedstock —_— _ - _
and create project timeline. sourcing and recipe. agreements confirmed. NMP and submit to MOE.

e
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6.3 Restrictions and Barriers to Development

6.3.1 Electricity Program Timeframe and Pricing

Development of an on-farm AD industry in B.C. is largely dependent upon a favourable tariff and
contract length for renewable electricity. This is because producing electricity through co-
generation typically scales-down to a more relevant degree for on-farm Ad systems than
biomethane production. For example, in successful jurisdictions such as Vermont and Ontario,
utilities pay $0.16/kWh — $0.195/kWh for renewable electricity from on-farm AD systems.
Furthermore, smaller systems are given higher tariffs to facilitate development across a range of
farm sizes.

In B.C., the current environment for on-farm AD systems is not favourable, as the provincial
government only provides $0.10/kWh under the Standing Offer Program (SOP), regardless of
project size. This is insufficient for on-farm AD systems to be economically viable. However, if
the provincial government were to increase the price paid under the SOP, or introduce a new
program for AD that pays just a few cents more per kWh, a large number of B.C. farms would be
able to build economically viable AD systems. Due to the small size of on-farm AD systems; the
additional cost to government above and beyond the current SOP would be small. For example,
an increase of $0.06/kWh to the SOP for an average sized AD system of ~500kW would only
cost around $240,000/yr.

Alternatively, instead of increasing the price paid under the SOP or introducing a new program
for AD systems, the B.C. government could provide funding. For AD systems to be economically
viable under the current SOP, funding of 40% — 50% is needed for most large and medium-sized
farms to build economically viable AD systems. For an average sized AD system, this would cost
$1,000,000 — $3,000,000, based on site-specific considerations.

6.3.2 Biomethane Pricing

Based on the understanding that FortisBC’s biomethane program has an identified limit of
$15.28/GJ, and that capital costs associated with upgrading are quite high, biomethane is
currently only feasible for a small number of AD systems on large-scale farms in B.C. This is
particularly true given the fact that AD systems are effectively limited to digesting 25% non-
agricultural feedstocks. If AD systems were able to increase non-agricultural feedstocks to 49%,
a significantly greater number of on-farm AD systems would be economically viable through the
production and sale of biomethane.

FortisBC has also demonstrated a willingness to work with farms looking to build AD systems,
and they have established a consumer-based program for the sale of biomethane. As such,
FortisBC is doing all it can to enable development of on-farm AD systems that produce
biomethane.

6.3.3 Non-agricultural Feedstock Limitations

MOEs draft On-farm AD Waste Discharge Authorization Guideline identifies three project tiers
based on proportions of non-agricultural feedstocks. If a project receives greater than 25% non-
agricultural feedstocks, it is designated a Tier 3 project, triggering significant and unrealistic
requirements. The functional inability of on-farm AD systems in B.C. to use greater than 25%
non-agricultural feedstocks is arguably one of the most significant barrier to broad-scale industry
development.

It is worth consideration that in jurisdictions that allow AD systems to use up to 49% non-
agricultural feedstocks, a broad demographic of AD systems have been developed in an
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economically viable and environmentally responsible manner. Furthermore, it has been through
the allowance of 49% non-agricultural feedstocks and the provision of favourable renewable
electricity pricing that the environmental, social and economic benefits of AD systems have been
most broadly proliferated.

6.3.4  Other Regulatory Barriers

The development of economically viable on-farm AD systems in B.C. face additional regulatory
hurdles. While this study is not intended to evaluate the status of the current regulatory regime in
B.C., itis apparent that it currently presents serious financial and logistical barriers to AD system
development. Examples of identified regulatory challenges include:

o Extremely long approval process (estimated to be 2+ years);

o Alack of a clearly defined, linear regulatory process;

e Alack of a singular, provincially-recognized regulation and/or approval;

e Lack of lateral communication between regulating bodies; and

e Requirement for up front information which is impossible to provide (i.e. feedstock recipe).
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7. BENCHMARKS
7.1 Required Energy Tariffs and Funding

7.1.1 Calculation Methodology

One of the primary objectives of this study is to determine the required energy tariffs for
renewable electricity and biomethane to make on-farm AD systems economically viable in B.C.
To accurately determine these tariffs, a calculation methodology was developed based on the
Chabot Profitability Index Method.

This method was developed by Bernard Chabot of Frances’ Agence de I'Environment et de la
Maitrise de I'Energie to determine acceptable levels of profitability in the development of energy
projects. Paul Gipe, a respected authority on Feed-In Tariff (FIT) policy, employed this method
when making his recommendations to the Ontario Sustainability Energy Association (OSEA)
regarding pricing for the development of a FIT program in Ontario. OSEA has direct ties to the
development and implementation of Ontario’s Green Energy and Economy Act and FIT program.

A fundamental consideration for this study is that the energy tariff paid by the utility should
enable capital cost recovery while allowing for a reasonable return on investments. A reasonable
return on investment for an AD system owner to undertake a project of this scale has been set at
~10%.

In addition to calculating the energy tariff necessary to enable economically viable AD systems,
this study also calculated the funding necessary for AD owners to get a reasonable return on
their time and risk. This is based on a return that makes building an AD system worthwhile rather
than on capital spent. This return has been calculated at ~5% of the total installed cost for the
AD system. This amount is not equal to the amount they could see if the required tariffs were
available, but based on their reception of funding for the project, it can be deemed reasonable in
relation to system size and associated risks.™

Co-products intended to represent, among other things, bedding recovery, nutrient recovery and
carbon offsets, should be considered as individual financial investments. The production,
recovery and/or management of co-products require capital investments and operational
expenses. As a result, any economic value derived from co-products should off-set the requisite
costs to produce them. Subsequently, an AD system proponent should consider investments in
co-products as independent financial decisions, much as a utility should set tariffs based on the
capital and operational costs of an AD system based on the infrastructure required to produce
and export energy.

It is important to note that through cost management and accounting for additional revenue
streams, the required energy tariffs and funding amounts for AD systems to be economically
viable can be reduced by as much as 25%.

Utilizing on-farm manure as the only feedstock is not considered a feasible option at this time,
and as such has not been included in the options.

10" Additional details regarding the tariff calculation methodology and capital cost breakdown can be found in
Appendices F and E.
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7.1.2  Required Electricity Tariffs
ELECTRICITY

FUNDING FUNDING
PRICE
coomare | SEROT | olfte | NEEED | AR
FARM PRICE (kWh) USING 49% NON- (%) BETWEEN CURRENT SOP CURRENT SOP
(Volume of | USING 25% NON- | 'm0y rypiy | USING 259% AND |0 be SN | WITH 49% NON
Agricultural | AGRICULTURAL FEEDSTOCK 499 NON- AGRICULTURAL | AGRICUL TURAL
Material/Yr) FEEDSTOCK A SSO + AGRICULTURAL FEEDSTOCK FEEDSTOCK
Avg. SSO + Fog) | AVG: FEEDSTOCK
( FOG) Rt (Avg. SSO + (Avg. SSO +
(Avg. o2 FOG) FOG)
FARM A . 60% 40%
(16,800m3) e LB At ($1,732,817) | ($2,059,949)
FARM B . 57.5% 42.5%
(37,850m?) 19.6¢ 17.3¢ LL.7% ($2.777,112) | ($2,364,364)
FARM C . 90% 55%
(12,000m?) A LRl 35.2% ($2,397,049) | ($2,313,125)
FARM D . 100% 80%
(5,100m?) 43.0¢ 26.2¢ 39.1% ($1,668,654) | ($2,003,789)
FARM E . 100% 90%
(4,000m?) O Sl 43.8% ($1,618,110) = ($2,101,367)
FARM F . 83% 80%
(37,850m?) 26.6¢ 26.0¢ 2:2% ($6,157,551) | ($6,638,000)
FARM G . 100% 92.5%
(3,850m?) AL S 40.4% ($1,592,838) | ($2,171,426)
FARM H . 100% 60%
(9,000m3) 36.0¢ 20.2¢ 43.9% ($2.430,324) | ($2,048,296)
FARM | . 80% 35%
(17,000m?) L B e ($2,394,662) | ($1,757,246)
FARM J . 97.5% 45%
(10,250m?) 32.8¢ 18.6¢ 43.3% ($2,435,273) | ($1,595,611)
FARM K . 97.5% 55%
(9,500m?) Sy 19.3¢ 41.5% ($2,435,273) | ($1,956,369)
FARM L . 100% 55%
(9,500m?) 35.0¢ 19.0¢ 45.7% ($2,452,788) | ($1,865,249)
AVERAGE 34.4¢ 21.8¢ 36.6% 88.0% 60.8%
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7.1.3 Required Biomethane Tariffs
FUNDING
NEEDED AT
PRICE ($/GJ) PRICE (9/Gy) | D'FFERENCE (%) | g\ ovieriiaNE
FARM USING 25% BETWEEN
(Volume of NON- USING 49% NON- | ;)\ 2506 AND RATE
Aari AGRICULTURAL .’ ($15.28/GJ)
gricultural | AGRICULTURAL FEEDSTOCK 49% NON- USING 25
Material/Yr) FEEDSTOCK (Avg. SSO + AGRICULTURAL NON-
(A"gbsGSO * FOG) FAEED%TS%CE AGRICULTURAL
) ( Toe FEEDSTOCK
) (Avg. SSO +
FOG)
FARM A o 60%
(16,800m") $30.60 $16.01 47.7% ($2.220,566)
FARM B . o
(37,850m?) $18.60 $16.25 12.6% 0%
FARM C N 67.5%
(12,000m?) $33.80 $18.30 45.9% ($2,071,672)
FARM D 0 100%
(5,100m3) $71.00 $32.30 54.5% ($2,595,996)
FARM E o 100%
(4,000m?) $94.50 $41.70 55.9% ($2,595,996)
FARM F o 40%
(37,850m?) $26.50 $24.40 8.0% ($3,016,915)
FARM G . 100%
(3.850m?) $97.00 $44.20 54.4% (52.595.996)
FARM H o 90%
(9,000m?) $46.40 $20.90 55.0% ($2.714.213)
FARM | o 70%
(17,000m?) $34.80 $17.20 50.6% ($2,910,071)
FARM J . 80%
(10,250m?) $40.30 $19.10 52.6% ($2.412,634)
FARM K o 82.5%
(9.500m?) $41.30 $20.35 50.7% ($2.488,028)
FARM L . 85%
(9,500m3) $41.80 $20.50 51.7% ($2,563,423)
AVERAGE $48.05 $24.27 45.0% 74.1%

Note: *0% indicates a project is able to make greater than 5% ROI using $15.28/GJ

FUNDING
NEEDED AT
CURRENT
MAXIMUM
BIOMETHANE
RATE
($15.28/GJ)
USING 49%
NON-
AGRICULTURAL
FEEDSTOCK
(Avg. SSO +
FOQG)

0%*
0%*

0%+
60%
($1,830,535)

80%
($2,412,634)

35%
($2,761,668)
85%
($2,593,258)

0%*

09%*
10%
($385,679)

10%
($382,169)

10%
($376,974)

24.2%
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7.1.4 Required Electricity Tariff Based On Farm Size
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These graphs shows the tariffs required for AD systems to be economically viable for electricity
production using 25% and 49% non-agricultural feedstock. Tariffs above the line can indicate the
potential for a project to move forward, while tariffs below the line should be evaluated carefully.
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The above two graphs clearly demonstrate the impact on required electricity tariffs when non-
agricultural feedstock are increased from 25% to 49%. For example, required tariffs for most AD
systems using 25% non-agricultural feedstock typically exceed $0.30/kW, while tariffs for AD
systems using 49% non-agricultural feedstock typically do not exceed $0.20/kW.
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7.1.5 Required Funding Needed Under the Current SOP
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These graphs show the percentage of funding needed for AD projects to be economically viable
with electricity production under the current SOP and using 25% and 49% non-agricultural

feedstock.
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The above two graphs clearly demonstrate the impact on required funding when non-agricultural
feedstock are increased from 25% to 49%. For example, funding for most AD systems using
25% non-agricultural feedstock typically exceeds 80%, while funding for AD systems using 49%
non-agricultural feedstock typically does not exceed 50%.
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7.1.6  Required Electricity Tariff by Generator Size
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These graphs show the tariffs required for AD systems to be economically viable for electricity
production under the current SOP by generator size when using 25% and 49% non-agricultural
feedstock.
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The above two graphs clearly show the difference in required electricity tariffs for electricity
production by generator size when using 25% or 49% non-agricultural feedstock.
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7.1.7 Required Biomethane Tariff Based On Farm Size
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These graphs show required tariffs for AD systems to be economically viable for biomethane
production when using 25% and 49% non-agricultural feedstock. Available tariffs above the line
are a good indication of project viability, while those below the line should be evaluated carefully.
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The above two graphs clearly show the impact on the required biomethane tariff when non-
agricultural feedstock are increased from 25% to 49%. For example, tariffs for most AD systems
using 25% non-agricultural feedstock typically exceed $30/GJ, while tariffs for AD systems using
49% non-agricultural feedstock typically do not exceed $20/GJ.
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7.1.8 Required Funding Needed for Biomethane
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These graphs show the percentage of funding needed to make AD systems economically viable
with biomethane production using 25% and 49% non-agricultural feedstock. All AD systems,
regardless of size, would need funding to be economically viable at a 25% limit.
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The above two graphs clearly show the impact on the required funding to make biomethane
systems viable using 25% and 49% non-agricultural feedstock. Many AD systems will not
require funding to achieve a minimum 5% ROI when using 49% non-agricultural feedstock.
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8. ANAEROBIC DIGESTION TECHNOLOGY VENDORS

The information presented in this study is intended to be generic enough that it can be applied to
a significant majority of AD technologies and their respective vendors. The use of a qualified
consultant and/or technology vendor is a critical part of developing a successful AD project.
Individual companies should be evaluated based on their experience with successful,
operational on and off-farm AD systems. While many companies may tout expertise in AD,
without having developed a successful system in a similar jurisdictional circumstance, these
companies may be unaware of some of the subtle nuances required to install and manage a
successful AD system.

For a list of AD technology and service providers that are active in the province of B.C., please
see Appendix G.
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9. PARTICIPATING SITES

The following is an overview of the 12 sites that participated in this study. Additional information
on each site can be found in the appendices.

9.1.1 Farm A, Abbottsford

Site Description

Location

Representative
Demographic

9.1.2 Farm B, Rosedale

Site Description

Location

Representative
Demographic

9.1.3 Farm C, Chilliwack

Site Description

Location

Representative
Demographic

Dairy operation milking 300 cows, 300 dry and young stock
on site and a neighbouring hog operation with 300 head,
farrow-to-finish;

3-phase approximately 1km away, natural gas on-site; and
Alley scraper manure collection

Abbotsford (Fraser Valley).

Mid-size dairy operation in conjunction with mid-size hog
operation and relatively long distance to 3-phase
connection.

Dairy operation milking 1,400 cows with total of 1,600 cows
on-site;

3-phase and natural gas on-site;

Flush barn manure collection; and

Sand bedding.

Rosedale (Fraser Valley).

Large dairy operation with flush barn manure management,
sand bedding and 3-phase and natural gas on-site.

Dairy operation milking 300 cows with 300 dry and young
stock on site and 70,000 bird broiler operation;

3-phase and natural gas on-site; and

Alley scrapers.

Chilliwack (Fraser Valley).

Mid-size dairy operation and small-scale poultry operation
with 3-phase and natural gas on-site.
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9.1.4 Farm D, Vanderhoof

Site Description

Location

Representative
Demographic

9.1.5 Farm E, Black Creek

Site Description

Location

Representative
Demographic

9.1.6 Farm F, Armstrong

Site Description

Location

Representative
Demographic

Beef cattle feedlot operation with 1,000 head and a total of
1,200 cows on-site;

3-phase within 250 metres of property and no natural gas
available; and

Outdoor manure storage, intermittent collection.

Vanderhoof (Northern B.C.).

Mid-size cattle operation with outdoor manure storage in
Northern B.C.

Dairy operation milking 100 cows with 100 dry and young
stock;

3-phase within 250 metres and natural gas within 500
metres; and

Alley scraper manure collection.

Black Creek (Central Vancouver Island).

Small -scale dairy operation and/or partnered dairy
operations with 3-phase and natural gas nearby in Central
Vancouver Island.

Dairy operation milking 1,000 cows with 600 dry and young
stock on site;

3-phase power and natural gas connections are
approximately 4km from the site location;

Alley scraper manure collection.

Armstrong (B.C. Interior).
Large-scale dairy operation with 3-phase and natural gas

an extremely long distance away; and
Located in B.C.’s interior.
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9.1.7 Farm G, Dawson Creek

Site Description

Location

Representative
Demographic

9.1.8 Farm H, North Saanich

Site Description

Location

Representative
Demographic

9.1.9 Farm |, Deroche

Site Description

Location

Representative
Demographic

Beef cattle feedlot with 100 head plus nearby manure from
auction house, horse stables as well as viscera and wash-
water potentially available from local slaughterhouse;
3-phase and natural gas connections on-site; and
Primarily outdoor storage with intermittent collection;
consideration of importing manure from outside locations.

Dawson Creek (Northern B.C.).

Small-scale beef cattle operation in conjunction with co-
operative community agricultural waste management in
Northern B.C. with 3-phase and natural gas on-site.

Dairy operation milking 210 cows with 200 young and dry
stock on site;

3-phase on-site and natural gas connection approximately
250 metres away at neighbouring greenhouse operation;
and

Alley scraper manure collection.

North Saanich (Southern Vancouver Island).

Medium-scale dairy operation with 3-phase on-site, natural
gas and thermal energy load nearby, on the southern part
of Vancouver Island..

Dairy operation milking 400 cows with 350 young and dry
stock plus neighbouring certified organic dairy milking 100
cows with 75 young and dry stock;

3-phase on-site with no natural gas collection available,
plus on-site greenhouse operation; and

Alley scraper manure collection at both locations, but
organic herd is pastured part of the year.

Deroche (Fraser Valley).

Two medium-large scale dairy operations operating co-
operatively with on-site greenhouse and 3-phase on-site.
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9.1.10 Farm J, Delta

Site Description

Location

Representative
Demographic

9.1.11 Farm K, Abbotsford

Site Description

Location

Representative
Demographic

9.1.12 Farm L, Agassiz

Site Description

Location

Representative
Demographic

Dairy operation milking 250 cows with 250 young and dry
stock within Metro Vancouver;

3-phase and natural gas connection on-site; and

Flush barn and sawdust bedding, with installed AD-specific
wash-water separation system.

Delta (Metro Vancouver).

Medium-scale dairy operation with 3-phase and natural gas
on-site, flush barn manure management w/ operational
separation system designed for integration with AD systems
and sited within Metro Vancouver.

Owner of a 6,000 head farrow-to-finish hog operation as
well as a 180,000 bird broiler operation — approximately 500
metres apart;

3-phase within 250 metres and natural gas connection on-
site (at hog operation); and

Slatted floor manure collection in hog operation.

Abbottsford (Fraser Valley).

Medium-scale hog operation in conjunction with poultry
operation in the Fraser Valley.

Dairy operation milking 250 cows with 250 young and dry
stock on site;

3-phase and natural gas connection on-site;

Flush barn and sawdust and sand bedding, with installed
sand separation system; and

Educational institution neighbouring Federal agriculture
research facility.

Agassiz (Fraser Valley).
Medium-scale dairy operation with 3-phase and natural gas
on-site, flush barn manure management w/ sand recovery

in Fraser Valley and numerous on-site thermal energy load
opportunities.
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10. CONCLUSION

This study set out to determine the feasibility of establishing AD systems on twelve (12) B.C.
farms. These farms were intended to be representative of B.C.’s agricultural sector. This study
also aimed to establish electricity and biomethane tariffs and funding benchmarks to make AD
systems economically viable. Finally, this study endeavoured to highlight regulatory barriers
seen to unnecessarily prevent development of on-farm AD systems in B.C.

Electricity production scales-down more than biomethane production. As such, B.C.’s electricity
tariff is the largest single factor in determining the economic viability of AD systems. Currently
B.C.’s SOP provides $0.10/kWh. According to this study, this is at least $0.04/kWh — $0.10/kWh
less than required. Until B.C. has an electricity tariff of $0.14/kWh — $0.20/kWh, or the provincial
government provides 40% — 50% funding, the development of on-farm AD systems in B.C. will
continue to be in doubt. It should be noted that these prices and funding requirements are
similar to those seen in other Canadian and international jurisdictions that have successfully
facilitated development of on-farm AD systems.

For AD systems able to generate sufficient biogas, an alternative could be to produce
biomethane for sale to FortisBC. The advantages of this are that FortisBC has demonstrated a
willingness to work with potential AD system owners, and their biomethane tariff of $15.28/GJ
can be sufficient to enable economic viability. However, because on-farm AD systems must be
in locations favourable to the FortisBC grid, this option is only feasible for a small percentage of
on-farm AD systems.

In addition to the need for a higher electricity tariff and/or funding, B.C.’s regulatory environment
is one that unnecessarily prevents development of on-farm AD systems. Perhaps the largest
impediment is MOEs proposed On-farm AD Waste Discharge Authorization. As written, this
authorization essentially limits the volume of non-agricultural feedstocks an on-farm AD system
can accept to 25%. This limitation is not only arbitrary, but also significantly impacts economic
viability. For example, if on-farm AD systems are restricted to accepting 25% non-agricultural
feedstocks, the required electricity tariff mentioned above is actually $0.10/kWh higher.

A second regulatory impediment is MOE'’s requirement for feedstock sourcing at a very early
stage of system development. While feedstock identification is important, system-specific
feedstock characteristics and confirmation of feedstock sources is an exceptionally difficult
requirement to meet. As such, this requirement creates significant challenges for on-farm AD
systems in B.C.

On-farm AD systems have a proven ability to provide significant environmental, social and
economic benefits to a broad spectrum of the population. However, until there is a more
favourable electricity tariff and/or the availability of funding, and until the regulatory environment
has been improved, the development of on-farm AD systems in B.C. will continue to be minimal.
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Appendix A: Implementation Plan for On-Farm AD Systems in B.C.
Developing an On-Farm AD Projectin BC

Projected Timeline

Month

1 2 3 45 6 7 8 9 1011 12|13 14 15 16 17 18 19 20 21 22 23 24

25]26[27[28

Regulatory

BC Hydro and/or Fortis BC Screening Studyj
Agricultural Land Commission Consult. & Approval
Local Government Consult & Approval

Ministry of Environment Approval & Permitting
Interconnection Process

ESA & TSSA Inspections

Interconnection Commercially Readyj

Project Development

Initial Consultation

Preliminary Feasibility Study

Final Feasibility Study / Business Plan Development]

Source Off-Farm Feedstock(s)

Geotechnical Survey

Preliminary System Design (Permitting Purposes)

Final System Design

Quotes for System Components

CHP/Upgrading Order & Delivery

Construction & Project Installation

Excavation & Earth Workl

Structural Construction/lnstalll

Mechanical Construction/lnstalll

Electrical Construction/lnstalll

System Commissioning|

* NOTE: Project requirements and estimated timelines are based on biogas project development experiences in B.C., discussions with relevant regulatory agencies and utilties,
and construction experience with operational systems. Individual projects have unique timelines and project requirements and, as such, this spreadsheet should be referenced as

a guideline in the context of project-specific requirements.
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Appendix B: Map of Participating Sites
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Appendix C: Job Creation from On-Farm AD Systems in B.C.

Introduction

A tangible benefit to building on-farm Anaerobic Digestion (AD) systems is the direct and indirect
job creation associated with the individual sites themselves as well as the industry as a whole.
On-farm AD systems require operators, labourers and skilled professionals to operate at their
peak potential.

Direct and Permanent Job Creation

The operating costs assumed in the budgets for on-farm AD systems are based on the system’s
size and components. Assuming an average sized AD system (500kW electrical generating
capabilities or ~150m3/hr upgraded biomethane) system labour is calculated at $100,000
annually, accounting for five full time positions.'* Also included in the budgeting is maintenance
of $85,000 annually for qualified professionals to service and maintain the energy generating
equipment. Maintenance and inspections by qualified professionals as well as cleaning for the
digester itself is also factored at $35,000 annually.

e Operator Full-Time Job
e Labourers Full-Time Jobs
e Administration Full-Time Job

Part-Time Job
Part-Time Job
Part-Time Jobs

e Add. Labour/Cleaning
e On-Call Operator
e Qualified Professionals

N P R RN R

The potential permanent job creation from an average sized on-farm AD system is four full-time
positions and four part-time or on-call positions. Total capital budgeted annually is ~$220,000 for
personnel to operate the system.

Indirect and Permanent Job Creation
On-farm AD systems contribute to indirect job creation based on their need for dedicated
feedstock haulers, potential nutrient recovery haulers and regulatory enforcement personnel.

e Feedstock Haulers 2 Full-Time Jobs

Feedstock delivery and reliability is the cornerstone of any successful on-farm AD system and
having dedicated haulers and purveyors of high quality material is needed within the province.
To minimize on-site storage needs, regularly scheduled feedstock deliveries are necessary to
ensure projects conform to jurisdictional standards. Additionally, if the AD project’'s nutrient
management plan relies on exporting of excess nutrients, haulers will be needed to remove
these nutrients.

e Provincial Enforcement 1 Part-Time Job

A fund can be created for AD systems where they provide a contribution based on a % of the
off-farm material being received or by class of digester (0 - 250kW, 250 - 560kW, 560 - 999kW,
1MW+) for their own enforcement. An average (500kW/150ms/hr) system, if charged
$0.0025/kW, would generate in excess of ~$10,600 annually for its own enforcement, thereby
eliminating increased financial burden on the provincial regulators with regards to AD
developments.

1 Project size is directly related to job creation. A small (150-250kW) system will have fewer jobs associated with it
than a larger (1MW) system. Timelines for project development will also vary according to project size and site
considerations.
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Direct and Temporary Job Creation

Developing an on-farm AD system is a complex process involving many local businesses and
experts (See Appendix for example of the Vermont companies hired to construct seven on-farm
AD systems).

e Anaerobic Digester Developer 1to3 Full-Time Jobs for 18-36 mths

Development time can range from 18-36 months depending on site specific considerations and
regulations. Based on past experience developing on-farm AD systems, it is estimated that 1/3
of total project costs are for materials with the remaining 2/3 is for labour. Therefore, for every
$1,000,000 invested, nearly $700,000 goes to salaries for local firms and personnel during the
development phase. An average sized system (500kW/150ms/hr) can cost from $2,500,000 -
$4,000,000, with $1,500,000+ going towards salaries.

e Contractor and Construction Workers 8to 20 Full-Time Jobs for 12-24 mths

Contracting of a locally based AD firm for design, regulatory work, feedstock sourcing and
evaluation, and project management is of paramount importance to a projects overall success.

e Other Qualified Professionals 4to0 10 Part-Time Jobs for 18-36 mths

Physical construction of an on-farm AD system is not dissimilar to barn constructions or other
on-farm projects. Local contractors and construction workers are needed throughout the
development stage of the project and will vary depending on the size of the system.

Depending on the complexity, size and additional components of an on-farm AD system, various

qualified professionals such as engineers, surveyors and environmental experts will be
contracted to conform to regulations and ensure project success.
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Example of the Vermont Companies Hired to Construct Seven On-Farm AD Systems

Vendor Name

Vendor Name

Vendor Name

1 | Action Concrete Cutting-Coring 46 | EJP 91 Newport Daily Express

2 | Adam Hallock Contractor 47 | Environmental Earth Moving Solutions 92 | Newport Rental Center

3 | Agricultural Energy Consultants LLC 48 | Everett J. Prescott Inc 93 Newport Sand and Gravel

4 | AH Harris & Sons 49 | F.W. Webb 94 | Nye Insurance Agency

5 | A.L. Tyler &Sons 50 | Farmyard Store - heat pipes 95 | O’Brien Tree and Crane Service
6 | AllIn One Electric 51 | Felco Foundation 96 | Paris Farmers Union

7 | Allen Brothers, Inc 52 | Fyles Bros Inc 97 Pearson & Associates

8 | All Systems Repair 53 | Gene's Electric 98 | Perrault Excavating & Building
9 | Armand Gagne Welding 54 | George R. Morgan Il 99 Pick and Shovel

10 | Barker Steel 55 | Gervais & Sons Inc. 100 | Pioneer Motor and Drives, Inc.
11 | Barrett Trucking 56 | Glen Peck Electric 101 | Poulin Lumber

12 | Bates Farm Home and Garden 57 | Gravel and Shea - Attorney 102 | Premiere Dairy Service

13 | Bazin Brothers Trucking 58 | Green Mountain Electric Supply 103 | Queen City Steel

14 | Bemis LLC 59 | Green Mountain Power 104 | Red Hed Supply

15 | Billodeau and Wells — Accountant 60 | Green's Ace Hardware 105 | Reed’s Equipment

16 | Bill Sanville Garage Door and Painting Co. 61 | G Stone Commercial 106 | RG Gosselin Concrete

17 | Bob Stanhope 62 | Guay General Repair 107 | Rheal P Gevry Jr

18 | Buck Adams Trucking & Excavating 63 | H.G. Berger & Son Inc. 108 | RK Miles Inc Building Materials
19 | Brad King Concrete 64 | Harrison Concrete 109 | Robert N. Taplin Inc.

20 | Branon Enterprizes 65 | Harrison Redi-Mix/Concrete 110 | Rodem Inc.

21 | Brent Brigham Construction 66 | I.H. Charbonneau & Sons Inc. 111 | Ross Environmental Associates
22 | Brown Enterprises, Inc 67 | Independent Pipe & Supply Corp 112 | Sky Crane Services

23 | Calkins Sand and Gravel 68 | Jonathan Bump Contractor 113 | St. Albans Co-Op Creamery Inc
24 | Camp Precast Concrete Products 69 | John H. Brigham Consulting 114 | St. Albans Messenger

25 | Carr Enterprises 70 | J.P Carrara & Sons Inc 115 | Stanhope Painting & Roofing

26 | Carson's Electric 71 | Kilbourn’s Excavating 116 | Stevens and Associates Engineering
27 | Champlain Construction Inc 72 | Kristensen, Cummings and Carroll PC 117 | Swanton Lumber Co. Inc.

28 | Champlain Dairy Service Inc. 73 | Lantagne Construction 118 | Tarrant, Marks, & Glllies

29 | Champlain Door Co. Inc. 74 | L & D Royer 119 | Taylor Rental Center

30 | Champion Overhead Door 75 | L.N. Consulting Inc. 120 | Temple Plumbing and Heating Inc
31 | Code 3 Products 76 | Legault Electric 121 | Therrien’s Boilder & Mechanical
32 | Corey Bertrand 77 | Lussier Sawmill 122 | Tracy Degree Concrete

33 | Couture Sand and Gravel 78 | Mario Paul Excavating 123 | VACE

34 | Crocket Engineering LLC 79 | Mercy's Farm Equipment 124 | Valley Crane Services

35 | Crocket's Construction 80 | Merrill Gas Co Inc 125 | Vermont Drilling and Blasting
36 | Cross Consulting Engineers 81 | Mike’s Fuels 126 | Vermont Economic Dev Authority
37 | CVPS 82 | Mliton CAT 127 | Vermont Electric Cooperative
38 | Demag Rugger Crane Service Inc 83 | Milton Rental and Sales Center 128 | Victoria Brown

39 | Deppman & Foley, PC 84 | Monette, John Attorney 129 | Waitsfield Champ Valley Telecom
40 | Desrochers Construction 85 | Mountianview Dairy Equipment 130 | Wilcox Construction

41 | Desrochers Farm Equipment 86 | NAPA Auto Parts 131 | William Brooks

42 | Desrochers Excavating and Crane Service 87 | Neagley & Chase Construction Co. 132 | Wright Excavating Inc

43 | Donald Domina 88 | Neuse, Duprey, & Putnam 133 | Wright's Plumbing and Heating
44 | Donal Newcombs Masonry LLC 89 | New England Foam & Coating Co. 134 | Yankee Farm Credit

45 | Dubois Farm Inc 90 | New England Insulator
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Appendix D: Feedstock Characteristics

BC Anaerobic Digestion Benchmark Study
Feedstock Characteristics

Feedstock TS Range VS Range N - Range P-Range K-Range C:N Ratio Range Biogas Prod Range References
(%/mass) (%TS) (%TS) (%TS) (%TS) (m3/tonne)

Dairy Manure 6 | 11 68 | 85 2.6 | 6.7 0.5 | 33 5.5 | 10 10:1 | 17:1 20 | 26

Average 8.5 76.5 4.65 19 7.75 14:1 23 1,10
Beef Cattle Manure -in barn 8 | 12 80 | 85 2.2 | 6.8 1 | 1.5 3 | 7.5 7:1 | 12.5:1 19 | 46

Average 10 82.5 4.5 1.25 5.25 9.8:1 325 2,3
Beef Cattle Manure - pasture 25 35 60 | 85 1.1 | 3.4 1 | 1.5 3 | 7.5 14:1 | 25:1 80 112

Average 30 72.5 2.25 1.25 5.25 19.5:1 96 1,10
Hog Manure 2.5 | 9.7 | 60 | 85 | 6 | 18 2 | 10| 3 | 75 | 91 | 16:1 |

Average 6.1 72.5 12 6 5.25 13:1 25 1,4
Poultry (Layer) Manure 15 | 65 70 | 80 | | | | 48 | 208

Average 40 75 4 3 2 7:1 128 1,5,6
Poultry (Broiler) Manure | 70 | 80 | | | | |

Average 75 75 4.6 1.5 1.5 9:1 93.8 1,6,7
Horse Manure 28 | 75 | 2.1 | 1 | 1.8 | 25:1 | 35:1 |

Average 28 75 2.1 1 1.8 30:1 63 1,8,9 10
Fats Oils Greases (FOG) 2 | 30 70 | 99 0.1 | 3.6 0.1 | 06 | 0.1 | 0.5 9:1 | 15:1 150 | 300

Average 16 84.5 1.85 0.35 0.3 12:1 225 1, 10
Dissolved Air Flotation (DAF) Material 5 | 40 85 | 98 3 | 9 1 | 3 0.06 | 0.2 | 43 | 340

Average 225 91.5 6 2 0.13 N/A 191.5 1,10
Source Separated Organics (SSO) 9 | 37 75 | 98 0.6 | 5 0.3 | 1.5 0.3 | 1.2 18:1 | 91 | 160

Average 23 86.5 2.8 0.9 0.75 18:1 125.5 1,10
Bakery Waste | | 3.5 | 4 | | | 265 | 344

Average 88 97 3.75 15 - N/A 304.5 1,10, 11
Brewery Waste 3 | 21 66 | 95 4 | 5 1.5 | 1.2 | 9:1 | 10:1 13.2 | 92.4

Average 12 80.5 4.5 15 1.2 9.5:1 52.8 1, 10
Septage 1 | 13 | 0.8 | 58 | 0.58 | 18 | | |

Average 7 79 3.3 1.19 - 11:1 13 12,13
Saughterhouse Waste (Viscera) 14 | 15 82 | 2.6 | 1 | 0.7 | 19:1 | 56.5 | 60.5

Average 145 82 2.6 1 0.7 19:1 58.5 1,10
Potato Culls 1215 | 90 | s | 13 | 09 | 64 | 31 | 91 555 | 677

Average 135 90 9 0.9 6.4 6:1 61.6 1, 10
Fescue Straw | | | | | 20:1 | 22:1 |

Average 86 19 3 0.3 2 21:1 307 10, 14, 15, 16
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Appendix E: Budget Breakdown

The following document outlines a breakdown of the budget estimates provided in the B.C.
Anaerobic Digestion Benchmark Study. The intent is to provide greater clarity regarding the
rationale for budget estimations for each of the respective project components.

Capital Components

Anaerobic Digester

The capital costs associated with the anaerobic digester are based on experience with the
installation of systems in North America as well as literature values and extrapolation of known
variable costs. Pricing is intended to be representative of an average amongst technology
providers whereby it is assumed that some technology vendors will offer higher and lower price
estimates. Furthermore, while the study is primarily focused on complete-mix anaerobic
digestion technology, pricing estimates are anticipated to be representative of other anaerobic
digestion technologies as well. Actual project costs are highly dependent on site-specific
considerations, owner involvement, and local pricing.

The capital cost associated with the anaerobic digester is intended to include the following
components:

e Concrete and rebar; ¢ Stainless steel piping and penetrations;

¢ Insulation (slab and walls); ¢ Non-stainless steel piping & penetrations;
e Excavation/granulars/backfill; e Valves, fittings and connections;

e (as zone coating; ¢ Gas cooling field;

e Architectural features; ¢ Monitoring well;

¢ Landscaping; e Gas valves;

¢ Roof system (with gas storage); e Desulfurization system; and

e Digester mixer; e All system sensors.

e Observation hutch and window;

Co-Generation Unit

Co-generation unit (CHP) capital costs are based on experience with the installation of systems
in North America, as well as literature values and discussions with CHP providers. Pricing is
based on an assumed $/installed kW rate as per the table below. Pricing is intended to be
representative of an average amongst CHP providers.

CHP Size Cost

50kW — 179kW $1800/kW
180kW — 299kW $1500/kW
300kW — 599kW $1200/kW
600kW — 999MW+ | $1000/kW

Biogas Upgrading System

The biogas upgrading technology pricing was obtained from technology providers with
operational experience in B.C. and is differentiated by gas flow. Prices include required gas
compression components.

Powerhouse and Plumbing

The powerhouse and plumbing is intended to represent the cost of either installing a new
building to house the CHP and/or certain upgrading system components or the cost of making
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required amendments to a containerized system. Furthermore, this line item includes the gas
train, the hot water distribution and a back-up boiler. Prices were adjusted to reflect
proportionate system scale whereby the assumed cost for smaller projects was proportionately
less than that for larger systems.

High Voltage Connection (BC Hydro)

The high voltage connection costs are based on information provided by BC Hydro through
completed screening studies. These studies evaluated the cost and technical implications of grid
connecting representative biogas projects in B.C. It should be noted that interconnection costs
are highly project-specific and the prices identified are not firm for any of the participating sites.

High Voltage Connection (Non-BC Hydro)

Non-BC Hydro high voltage connection includes high voltage work on the project-owner side of
the connection point. This includes the high voltage disconnect, transformer and cables,
grounding, hydro poles and labour. Prices were adjusted to reflect proportionate system scale
whereby the assumed cost for smaller projects was proportionately less than that for larger
systems.

BC Hydro’s interconnection guidelines stipulate increased requirements for any project that is
1MW or larger. As a result, and in the interests of estimating the most favourable project
economics, project scale was capped at 999kW in order to avoid these additional requirements.

Biomethane Interconnection (FortisBC)

The biomethane interconnection costs are anticipated to be very low as a result of FortisBC's
stated approach, whereby they would be willing to own connection assets and facilitate
connection. Financial considerations for these expenditures would be included in the offered
tariff and based on project-specific requirements.

Low Voltage Electrical Distribution

Low voltage electrical distribution includes equipment and installation of low-voltage electrical
equipment required to operate the complete anaerobic digestion system. This includes metering
cabinets, disconnects, meters, cables, conduits, transformer(s) and variable frequency drivers.
These requirements are highly site specific, but are commonly underestimated. This study pro-
rated the cost of low-voltage electrical distribution based on the scale of system energy output,
as a metric of recognizing increased system complexity and scale.

System Controls and Automation (inc. hydraulics)

System controls, automation and hydraulics include components required to minimize operator
interaction with the system, as well as mechanical operate many of the components on site. The
controls and automation aspect of this line item includes the controls cabinet, control hardware,
computer system, programming and installation. The hydraulic system operates a number of the
pumps, mixers, and valves and includes a central pump, hydraulic line, actuators and hydraulics-
specific controls.

Project Development

Project development includes feasibility analysis, regulatory approvals, business plan
development, financing, contractual negotiations, and any other miscellaneous project activities
associated with early-stage development. This should also account for the time the project
owner dedicates to early-stage project development. This work typically occurs at the early stage
of the project lifecycle. 7% of the total construction budget was used as an estimate for
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development cost, however this value varies greatly depending on project complexity and case-
specific details.

Engineering and Project Management

Engineering and project management are typically valued at 10% of the total project budget.
Engineering includes all system design and specification, including that for the structural,
mechanical, architectural, and electrical aspects of the complete system. Project management
includes management of pre-construction and construction processes, including contract
tendering, equipment sourcing and ordering, construction management, inspections, and
generally system consulting. Different technology providers and biogas consultants may operate
under different rates based on their own terms. Variability may be particularly true based on
scale of project, whereby smaller projects may have engineering and design fees which are a
slightly higher percentage of project budget than is the case for larger projects. Regardless of
scale, 10% remains an industry standard for budgetary purposes.

Risk Management

Risk management is intended to encapsulate a number of alternatives. If the project owner
decides to undertake management of the construction project themselves, 20% is their personal
contingency to accommodate unforeseen costs and/or delays. If the project owner engages the
services of a General Contractor to manage the construction process at defined cost and
timelines, 20% is a common fee charged to account for services rendered and, more
importantly, transfer of risk.

Operating Expenses

CHP Maintenance

The cost of maintaining a co-generation unit is estimated at 2 cents per kilowatt-hour. This is
based on operational experience and communications with leading co-generation unit suppliers.
It is important to note that the cost of CHP maintenance may be minimal certain months, and
significant in others, so the costs presented in this study are intended to demonstrate an
average monthly cost.

Upgrading Maintenance

Upgrading system maintenance and monitoring are based on projected raw biogas flow and
were provided by upgrading technology providers with operational experience in British
Columbia.

Digester Maintenance

The maintenance of the anaerobic digestion system itself is valued at $0.005 cents/kWh or the
equivalent of $0.01/m3 of raw gas. This accounts for ongoing maintenance and repairs on the
systems required to maintain system operation.

Labour for System Operation

Labour for system operation varies based on the selection of final automation system however
an assumption of 1 hour of labour per day per 100kW, or 50m3 of raw biogas equivalent, is
projected as an estimated labour cost.

Electricity Consumption

The anaerobic digestion system consumes electricity in order to maintain operation. While it may
be possible to utilize a portion of the energy produced by the system itself, this is typically not
economically favourable as electricity can be purchased from a utility for a lower value than it is
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sold. For systems producing electricity, this figure assumes that the biogas system consumes
approximately 7% of what it produces, and that the electricity can be purchased for $0.06/kWh.
For system upgrading raw biogas, the electricity consumption figures were based on information
provided by upgrading technology providers with experience in B.C.

Reinvestments

Reinvestments are estimated at 1% of the project budget and are intended to include major
component replacement and/or improvements. This is primarily intended to include CHP engine
re-build and mixer and pump replacements.

Financing

Net Operational Income
The net operational income is the total operational costs minus total revenue.

Total Investment
Total Investment is the amount of capital supplied by the owner for the project including loans.

Grant(s)
Grants refer to any capital received from any government or non-government organization.

Loan

This is the amount the project owner would borrow in order to finance the project. It is assumed
that this is from a standard lending institution. A 100% debt contribution was assumed, however
the objective of the study was not to define finance scenarios, but instead propose realistic
options. Actual financing terms will affect project economics and should be evaluated
independently.

Equity

This is the amount the project owner would contribute in order to finance the project. This is not
intended to include equity that is leveraged to obtain loans. A 0% equity contribution was
assumed, however the objective of the study was not to define finance scenarios, but instead
propose realistic options. Actual financing terms will affect project economics and should be
evaluated independently.

Loan Amortization Years

The loan amortization term is set at 10 years which is commonplace amongst agricultural-based
biogas projects. It should be noted that the objective of the study was not to define finance
scenarios, but instead propose realistic options. Actual financing terms will affect project
economics and should be evaluated independently.

Interest Rate

Interest rates for incurred debt were set at 6% based on communications with lending institutions
with experience in the agriculture sector. While this rate may be higher than is commonplace
with traditional agricultural lending, the fact that biogas systems are relatively new to B.C. and
most lending institutions, there may be a higher perceived risk.

Annual Inflation

Annual inflation has been set at 2%, with CPI assumed to be adjusted to 50% of inflation for
both upgrading and electricity generation contracts.
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Average Income Before Tax

Average income before tax represents the before-tax cash flow a project owner can anticipate
each year. This amount is the average across the entire amortization period which, in the case
of electricity generation, assumes 5 years at a lower rate per kilowatt hour under the Standing
Offer Program. This amount is intended to cover required return on equity and should be
considered based on the taxation criteria of the individual project. Actual financing terms and
project taxation will affect project economics and should be evaluated independently.

58



Appendix F: Foundation of Tariff Calculations

A primary mandate of the B.C. Anaerobic Digestion Benchmark study (The Study) was to
determine the rate per unit of energy required to make each of the twelve (12) participating sites
economically viable. This mandate applies to both the production of electricity (¢/kwh) and
upgraded biogas ($/GJ), as per the interests of BC Hydro and FortisBC, respectively.

The Study, and more specifically the rate per unit of energy formulas and assumptions, are not
intended to define the terms of project financing, but instead provide realistic yet hypothetical
project conditions. Ultimately, individual projects will determine case-specific terms of financing
based on their financial situation and lender requirements. The information presented in The
Study and in this document should be seen as a representative approximation of project
conditions from which future project development considerations can be undertaken.

The following document provides additional details relating to the formulas, assumptions, and
conditions used to determine the rate per unit of energy required.

Assumptions and Rationale

Chabot Profitability Index Method

The formula used to determine the rate per unit of energy required for each of the projects was
directly based on the Chabot Profitability Index Method. This method was developed by Bernard
Chabot of France’s Agence de I'Environment et de la Maitrise de I'Energie. Paul Gipe, a
respected authority on Feed-In Tariff (FIT) policy, employed this method when making his
recommendations to the Ontario Sustainability Energy Association (OSEA) in regards to
proposed pricing for the development of a FIT program in Ontario. OSEA has direct ties to the
development of Ontario’'s Green Energy and Economy Act and FIT program. Additional
information on the Chabot Profitability Index Method in the aforementioned context can be found
at www.wind-works.org.

Profitability Index

Profitability Index is a measure of an investments project performance and is calculated by
dividing the present value of future operating cash flow by the present value of the capital
investment. A profitability Index of 0.3 was used in The Study, which, according to Paul Gipe’s
tariff calculator, is required in order to “foster industrial growth”. It should be noted that an
adjustment of the Profitability Index by a margin of 0.1 has an impact of approximately 1.6 ¢/kWh
or approximately $1.50/GJ for electricity and electricity rate, respectively.

Debt-Equity Ratio

A debt to equity ratio of 100%:0% was used in The Study. While traditional renewable energy
projects may have a lower debt to equity ratio, it has been the experience of CH-Four Biogas
that agriculture-based biogas projects typically carry a higher debt load relative to equity
contribution.

Interest Rate
An interest rate of 6% was used based on experience with operational projects, preliminary
consultations with relevant financing agencies and consideration of current lending rates.

Return on Investment

A Return on Investment (ROI) of approximately 10% was used in The Study as it is presumed to
be a reasonable expectation of return on an investment in a renewable energy project given the
chaotic environment surrounding new developments. For projects receiving funding the ROI has
been set at ~5%.

59



Debt Coverage

A Debt Coverage rate of greater than 1.4 was maintained for projects without funding. This limit
is based on information provided by financiers who have experience with typical lending
requirements for renewable energy projects, including anaerobic digestion.

Amortisation Period

An amortisation period of 10-years was used as the basis of assumptions. This length of term is
consistent with CH-Four Biogas’ experience with operational projects and discussions with
relevant lending institutions.
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Appendix G: AD Technology and Service Providers
The following is a list of AD technology/service providers that have successfully developed at
least one AD project at the time this document was prepared and have demonstrated interest in
providing their AD services in BC. While this list was compiled using all reasonably available
information, it may not be complete. It is the responsibility of the reader to confirm the
appropriateness of firms listed here or if other firms exist that are able to provide AD project
development services.

The following list represents those firms which responded to a formal request for information as
part of this process. Companies are listed in alphabetical order

Company

efficiently operate in
extreme climates of the
dairy farms across the
United States and
Canada.

Name Contact Info Description Project Highlights
Andgar Corporation ¢ VanderHaak Dairy: Lyden, WA.
specializes in all facets Project management, on-farm,
of construction and takes manure from two farms and
Project Management. pre-consumer food waste.
Partnered with GDH Inc, | « Qualco Energy Corporation:
a US technology Monroe, WA. Project management,
_ provider, Andgar on-farm, manure and pre-
Scott Weidkamp markets, constructs and consumer food waste.
Ferndale, general contracts GHD’s . . . .
Copotiton | Washingion | mied pugow | * 2 S0, Day: Sondng, D Proec
(Rep GHD Tel: (360) 366 9900 | anaerobic digester 9 ' . '
Di gsters ScottW@andgar.co | across the Pacific e Farm Power Rexville: Mt. Vernon,
'9 ) m Northwest. Andgar WA. Project management, located
www.andgar.com | Corporation is in the between two farms that supply
business of turning manure to the digester and pre-
animal and other consumer food waste.
organic waste into e Farm Power Lynden: Lynden, WA.
profits for owners, while Project management, CHP project,
Improving the supply power to the grid and
environment for provide hot water supply to heat
everyone. greenhouses.
Avatar Energy was ¢ Bakerview EcoDairy: Abbotsford,
founded in 2005 with the B.C. On-farm system. Technical
goal of creating a provider and installer of core
sustainable digester equipment, system automations
John de Jonae of system for any size and commission. Project
. ge farms. Our digesters completion spring 2011.
Bill Vanderkooi i . . . i
have specific design e Keewaydin Dairy Farm: Stowe, VT.
Abbotsford, B.C. features to enable On-farm system. Technical
Avatar Tel: (604) 557/1486 inexpensive rovider axd ma.na ed the entire
Energy johnd@artexbarnso xP Proy gedtnee
lutions. com mamtenance and prOJ.ect through commissioning.
www.avatareneray. stralgkt]_tforv%/_z:]rd Project completion spring 2011.
com operation. 1hey e The Foote Farm: Charlotte, VT.

On-farm prototype. Prototype
digester system which Avatar
managed the project from start to
research facility operation.
Continual testing and upgrades.
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Bio-En Power

Earl Brubacher
Elmira, Ontario
Tel: (519) 669 5171

Bio-en Power is a
renewable energy
company specializing in
AD facilities to turn
biodegradable waste to
energy. We will design
build AD facilities from

¢ 1.6 MW operating plant at a Green
House in Leamington, ON.
Technology provider, design build.
¢ 2.85 MW plant, that we are well

Inc. earlb@marbro.ca . . . .
WWw bio-en.ca farm size to mdustr_lal alon_g in the approval process.
I — scale plants. The biogas Designed, build and owned by Bio-
can be used in CHP en.
units, cleaned to gas
grid quality or for vehicle
fuel.
e Wastewater Treatment: Saint-
) . Hyacinthe, QC. 16,600 metric tons
Established in 2006, of sewage sludge. Digester
Bio-Methatech Canada manufacturer, engineering,
is a full service AD integration and full service
company that designs, provider.
Michael Brown builds, commissions and « Manure slurrv. corn and wheat
Montreal, Quebec | provides full customer silage: Tanngéusen German
Tel: (514) 589 3003 | support and service 7 380 Im3 of dried toﬁs annual>ll-
Bio- mbrown@bio- around the LIPP design P,artner LIPP's role was desi r):
Methatech methatech.com AD systems. Working . . ; 9n,
www.bio- with our partners LIPP engineering and equipment
methatech.com GmbH, who have over provider.
700 AD systems in e Manure slurry, corn, wheat silage
operation worldwide, and sugar beets: Kitzingen,
allows us to respond to Germany. 5,475 dry tons annually,
clients’ complete AD 750kW electricity and heat for
project requirements_ greenhouses. Partner LIPP’s role
design, engineering and equipment
provider.
BIOFerm Energy
Systems is a technology
Caroline Chappell | provider for both dry and
e | g™ W1 | oy ity ety o
BIOFerm Tel: (608) 467 5523 | Viessmann Group, a W|sco_nsm, Oshkosh. 370k.W
Energy chac@biofermener | $2.5 billion company in capacity. Technology_prowder..
Systems gy.com Germany, BIOFerm has Plant under construction, opening
www.biofermenergy | over 250 installations in summer 2011 (first North American
.com/us/ Europe and is currently project).
constructing its first
North American facility
in Wisconsin.
Christopher Bush | Catalyst Power is now in , o fi
Abbotsford, B.C. | its 5‘hyyear of operation. | Cat_alyli,t Olnzlljs BCdSt;IrS]E- t
Tel: (604) 999 2653 | The members of the aB?onrzL(Jatl’?;e to' ?nelineef;L?Iit in
Catalyst chris@catlystpower | team come from a Canada. The fa%i?ity is Iocate)(; on-
Power Inc. 4 diverse background in farm in Abbotsford, B.C. Catalyst
www.catalystpower. | pusiness, agriculture W ible for all 3 ty f
ca and banking, We were as responsible for all aspects o

deeply involved in the

the project.
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development of the
initial guidelines for farm
based AD, and the first
passes through all
regulating bodies.

Ethan Werner
Vancouver, BC
Ottawa, ON

CH-Four Biogas is a
progressive developer of
AD technology. We are
active in all aspects of
project development
including economic and
technical feasibility

e Fepro Farms: 2,500m®, 500kW.

e Terryland Farms: 1,000m?, 2 x
180kW.

¢ Pinehedge Farms: 500m?®, 100kW,
heat recovery for yogurt.

e Kirchmeier Farms: 1,500m3,
500kW.

e Ferme Geranik: 1,000m?, 360kW.

o Twp of Georgian Bluffs: 1,000m?,
100kW.

B%H;FSOIL:] " | Tel: (778) 370 5202 zsgfésrﬁrgggfshcomp'ete « Wagner Farms: 1,000m?, 100KW.
9 © | Tel: (613) 224 8308 | SYO S CBSIM « Petrocorn: 1,500m? plus
ewerner@;;:hfour-ca management and hydrolyzer, 500kW, Organic
www.cniour.ca system optimization. We Isolation System. ,
are particularly e Maryland Farms: 1,500m~, 500kW.
specialized in the co- e Laforge Bioenvironmental:
digestion of variable 1,500m?, 500kW.
feedstocks. o DeBruin Farms: 1,000m®, 360kW.
« ENS Poultry: 500m?, 137kW.
« Ben Gardiner Farms: 1,500m?,
250kW.
e EarthRenu: Delta, B.C. Mixed
industrial and agricultural waste.
Pre-engineering design, P&ID,
Electrigaz is the only economical analysis, grant and
technology independent permitting submissions, laboratory
biogas engineering firm supervision. On-going.
Eric Camirand in Canada specialized e Acton farm: Sackville, N.B. Beef
Trois-Rivieres, exclusively in the manure. Pre-engineering design,
Quebec design, planning and P&ID, mass and energy balance,
Tel: (819) 840 3589 re?llgatlor; offb|ogas and economical analysis.
Electrigaz eric@electrigaz.co | SOMUONS for farms, e Archibald dairy farm: Newtown

m agro-food industries and ) y i050li '

— . municipalities. With our N.S. Da|r_y_manure ar_1d biosolids

www.electrigaz.co German partner K&F for electricity generation. Pre-

m we cumulate over 20’ engineering design, substrate
years of biogas characterization, and economic
experience and over analysis.

100 biogas plants built e Cudworth plant: Saskatoon, Sask.
worldwide. Pig manure and potatoes for
electricity. Conception, construction
plans, supervision, start-up. Status:
Completed by K&F.
Matt Lensink .
PlanET St. Catharines. ON PlanET specializes in e Bayview Flowers: Jordan, ON. On-
Biogas Tel: (905) 935 1969 | the design, construction, farm system.
Solutions Matt.lensink@plane | 2d service of on-farm e Vandermeer Greenhouses:

t-biogas.ca

AD systems for

Niagara-onthe-Lake, ON. On-farm
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www.planet-
biogas.ca

converting agricultural
and off-farm waste to
electricity. PlanET
systems are designed to
fit with existing farm
operations and are
optimized to maximize
biogas yield. PlanET
currently has 7
installations in Canada
and almost 300
worldwide.

system.

e Ledgecroft Farms: Seeley’s Bay,
ON. On-farm system.

¢ Delft Blue Veal: Cambridge, ON.
On-farm system.

¢ Catalyst Power Inc.: Abbotsford,
B.C. On-farm system.

¢ Ridgetown College Biogas:
Ridgetown, ON. On-farm system.
Underway.

¢ Manitoba Hydro Demonstration
Project: Winkler, MB. On-farm
system. Underway.

* PlanET is the general contractor
and technology provider for all seven
projects.

Angela McEliece
Oakland, California
Tel: (510) 834 4568

RCM has over 80 on
farm AD systems in-
operation around the US
on pig and dairy farms;
the first was built in

e Chaput Family Farms: North Troy,
VT. 1,600 cows, 300kW.

¢ Roach Dairy: Venice Center, NY.
2,500 cows, 450kW.

e Zuber Farms: Byron, NY. 1,800
cows, 399kW.

¢ Reinford Dairy: Mifflintown, PA.
800 cows, 130kW.

e Brubaker Dairy: Mt. Joy, PA, 1,000

RCM ; X 1982 at a dairy in
cows, 200kw.
International | 2Mceliece@remdig | o rmia and is still in _ _
LLC esters.com operation. RCM builds ¢ Oak Hill Farm: Nottingham, PA.
WWW-;(;””;'Ztoer;nat'cm round, heated mixed 100 cows & 4,500 pigs, 40kW.
. tanks with soft covers e Kish View Farms: Belleville, PA.
and provides turn-key 500 cows, 400 cows, 100kW.
and design/bid/ o S&A Kreider & Sons Farms:
procurement services. Quarryville, PA. 750 cows, 225kW.
e Landyshade Farms: Lancaster, PA.
500 cows, 180kW.
e Pennwood Dairy: Berlin, PA. 600
cows, 180kw.
UTS Residual e Residual management system for
Processing belongs to small to CAFO size dairies:
Anaergia, Inc., an Midwest, North-eastern US.
Susan Murray international group of Engineering and supply. Digester
Eaton Rapids, M| | companies with over efficiency maximization, solid,
UTS Residual | Tel: (517) 663 0663 1,500 biogas plants. We nutrient and water management
Processing, s.murray@uts- provide engineering and processes. Multiple completed.
LLC residuals.com proven technology for

WWW. Uts-
residuals.com

management of
residuals, conveyance
to final process
solutions: AD, pipeline
conveyance, bio-
methane utilization

e Industrial, total mix, nutrient
management system: ON, Canada.
Projected 10MW electrical power.
Complete engineering services,
technology provision and project
management. Ongoing.
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(energy + heat, vehicle
and pipeline), and
solid/liquid by-products
(composting, bedding
and water).

Marc Hubert
Magog, Quebec
Tel: (514) 903 1042

Valbio Canada provides
turnkey AD systems for
several markets
including agricultural,
industrial and municipal.
Valbio offers a full
complement of services:

Lanidrac Farm: Ste-Anne-de-
Prescott, ON. Pig and veal manure
with cogeneration system
producing electricity. Provided by
Valbio on a turnkey basis using
Valbio’s ASIST complete mix

Valbio ext. 404 from design to technology.
Canada mhubert@valbio.ca 1mp|e_mentat|on and « Valbio Canada has six industrial
: echnical support and . . .
www.valbio.ca surveillance of the systems in service or being
installations. With insta_lled in cheese factories in_the
expertise in energy province of QC. Systems p'rowd.ed
efficiency, Valbio also py Valb_lo on a turnkey basis using
integrates the energy of its Valbio Methacore technology.
the biogas into the
customer’s operations.
e Langage Farms: Plymouth, U.K.
20,000 tonnes of manure, dairy by-
product and municipal SSO.
Design and engineering, and
Yield Energy Inc. is a construction management.
Canadian-owned e Schlitters BioPower: Zillertal,
company formed in Austria. 8,000 tonnes food
2006. Yield offers a full processing waste, grocery expired
Rolf Philip range of services for goods and municipal SSO. Design
North Bend, new biogas plant and engineering, and project
Washington, owners from biological management.
Yield Energy Tel: (425)273 4325 and financial feaSlbl'lty e Vandermeer Greenhouses:
Inc. Rolfe.philip@yielde | studies, plant design Niagara-on-the-Lake, ON.10,000

nergy.com
www.yieldenergy.c
om

and engineering, project
and construction
management,
commissioning, project
financing, off-farm
feedstock supply and
on-going biological
support services.

tonnes p.a. Dairy manure, grape
pomace, pet food waste, pepper
waste, DAF and sludge. On-going
biological/operational support and
maintenance since December,
2009.

Catalyst Power: Abbotsford, B.C.
30,000 tonne p.a. Dairy manure,
chicken manure, FOG/DAF. On-
going biological/operational support
and maintenance since January,
2011.
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The following list represents those firms which did not respond to a request for additional
information but are regarded as having legitimate potential to develop projects in BC.
Companies are listed in alphabetical order.

Company Names

Contact Details

BioPower Technologies

Reinbeck, lowa

Tel (319) 345 6009
biopowertechnologies@gmail.com
www.biopowertechnologies.com

Dairylane System Limited

Middlesex Centre, Ontario
Tel: (519) 666 1404

bil@dairylane.ca  www.dairylane.ca

Highmark Renewables Research LP

Vegreville, Alberta
Tel: (780) 768 3809

projects@highmark.ca  www.highmark.ca

Digestecomp Inc.

Montreal, Quebec
Tel: (450) 689 7588
digestcomp@yahoo.ca

Maple Reinders

Mississauga, Ontario
Tel: (905) 821 4844
inffo@maple.ca www.maple.ca

Stonecrest

Shakespeare, Ontario
Tel: (519) 625 8025

Additional Resources:

e Government of British Columbia: List of Qualified Suppliers for Services Related to
Integrated Resource Recovery:
http://www.cscd.gov.bc.ca/lgd/infra/library/Qualified IRR Services Suppliers.pdf

e Ontario Ministry of Agriculture, Food and Rural Affairs: Anaerobic Digestion Contact
List http://www.omafra.gov.on.ca/english/engineer/facts/ad contact.htm

e American Biogas Council: Membership List
http://www.americanbiogascouncil.org/membership list.asp
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11.0 FARM A EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm A” in Abbotsford.
The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm A
would process dairy manure, hog manure and non-agricultural feedstocks to produce renewable
energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm A would be economically viable with
49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.166/kWh;

e Electricity tariff of $0.10/kWh and funding of 40% ($2,059,949); or
e Biomethane tariff of $16.01/GJ;

¢ Biomethane tariff of $15.28 will produce 8.2% ROI with no funding.

If Farm A were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.235/kWh;

e Electricity tariff of $0.10/kWh and funding of 60% ($1,732,817); or

e Biomethane tariff of $30.60/GJ;

e Biomethane tariff of $15.28/GJ and funding of 60% ($2,220,566).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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12.0 FARM A PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure information presented herein is understood in the proper context
and with all necessary supporting information.

12.1 Site Description

Farm A is a dairy operation in Abbotsford, B.C. that milks 300 cows at their location. With the
inclusion of cows housed for neighbouring farms, total herd size is approximately 600 cows. The
immediate neighbour to the south of Farm A is a 300 animal farrow to finish hog operation with
existing manure storage 30 metres away. Alley scrapers are used for manure collection in all the
barns

While Farm A has a 150 head certified organic operation approximately 500 metres away,
because of the distance and geographical obstacles, manure from this operation is not
considered viable for inclusion in this study.

12.2 Project-Specific Considerations

12.2.1 Electrical Interconnection

B.C. Hydro estimates that approximately 800m of single-phase line requires upgrading to three-
phase service. According to preliminary estimates, there is availability for up to 999kW at Farm
A, and interconnection costs have been estimated at $500,000.

12.2.2 Natural Gas Interconnection

Farm A has natural gas available on-site. However, to inject the required amount of biomethane
into the grid, FortisBC estimates approximately $1,000,000 in upgrades would be necessary.
Because of this, the farmer will need to work with FortisBC to try and reduce the interconnection
costs.

12.2.3 Availability of Feedstocks
Based on information provided by Farm A, the following feedstocks have been identified as
currently available:

e Dairy Manure:
o 300 milkers and 300 neighbour’s cows.
e Hog Manure:
o 300 animal farrow to finish hog operation.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

e Fats Oils and Greases (FOG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.
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12.3 Co-Products
AD systems enable the production of a number of beneficial co-products. The following section
discusses Farm A’s co-product opportunities.

12.3.1 Thermal Energy

Thermal energy could be available for use at Farm A through the integration of a co-generation
unit or biogas boiler. While the farm operation does not have any significant heat loads, minor
heating requirements could be met.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm A could range from
450,000btu — 2,200,000btu using a co-generation unit, or 750,000btu — 4,000,000btu using high-
efficiency, direct combustion.

12.3.2 Livestock Bedding

Farm A spends approx $72,000/year on sawdust for livestock bedding. Digestate material from
the AD system would be a suitable replacement for livestock bedding if properly managed after
the digestion process. Depending on the technology selected and desired moisture content,
livestock bedding production post-AD typically involves a solid separator and optional drying.

Farm A currently has a solid separator installed. This system is suitable for integration with the
AD system with minor piping and pumping amendments. The cost of these amendments should
be considered in light of the potential savings associated with bedding replacement.

12.3.3 Tipping Fees

Farm A has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

12.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

e The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

e The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.

Farm A currently has a deficiency of Nitrogen and Potash, which is compensated through the
purchase of synthetic fertilizer.
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13.0 FARM A PROJECT OPTIONS
13.1 Option 1: 25% Non-Agricultural Feedstocks

Substrate: Daily Weekly Yearly
Dairy manure 31m? 220 m® 11,400 m®
Hog manure 14 m® 103 m® 5,400 m®
FOG 8m?’ 54 m’ 2,800 m®
SSO 8m?’ 54 m? 2,800 m®
TOTAL 61 m® 431 m® 22,400 m®
Minimal required digester volume: 1,500 m®

No of digesters: 1

Biogas production: 3,816 m®day

Organic loading rate: 3.5kgVS/day

HRT: 26 days

CHP unit: 390 kW

Upgrading unit capacity 300 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes a 1,500m? digester and a 390kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 159m*/hour.

13.2 Option 2: 49% Non-Agricultural Feedstocks

Substrate: Daily Weekly Yearly
Dairy manure 31m? 220 m® 11,400 m*
Hog manure 14 m® 103 m® 5,400 m®
FOG 22 m® 161 m® 8,400 m*
SSO 22 m® 161 m® 8,400 m®
TOTAL 89 m* 645 m® 33,600 m®
Minimal required digester volume: 1,500 m®

No of digesters: 2

Biogas production: 9,264 m° per day

Organic loading rate: 3.6kgVS/day

HRT: 22 days

CHP unit: 960 kW

Upgrading unit capacity 800 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes 2 x 1,500m?® digesters and a 960kW co-generation unit or
equivalent biogas scrubber. Anticipated biogas production is 386m®hour.
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14.0 FARM A REQUIRED TARIFFS
14.1 Energy Tariff and Funding Requirements

Electricity % Funding Blo_rpet_?fane Oﬁ’ Funding

Option #  Tariff Required Necessary under R ar ecessary
($/kWh) sSOP equired with

($/GJ) $15.28/GJ
1: 25% $0.235 60% $30.60 60%
2: 49% $0.166 40% $16.01 0%*

Note*: 0% indicates the AD system is able to make greater than 5% ROI using $15.28/GJ

14.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.235/kWh or $30.60/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 60% funding if it produces
electricity for sale to the SOP, or 60% if it produced biomethane for sale to FortisBC. Given the
low likelihood of these tariffs or this amount of funding being available in the foreseeable future,
this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.166/kWh or $16.01/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 40% funding if it produces electricity for
sale to the SOP. As such, there is a high probability that this option will be economically viable
for biomethane production using $15.28/GJ as the maximum available tariff. However, this will
depend upon interconnection costs, FortisBC'’s ability to accept the biomethane into their grid,
and the ability to generate economic value from co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.03/kWh — $0.07/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
A’s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.

72



15.0 FARM A CONCLUSION

While installation of an AD system at Farm A is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities.

Option 2, biomethane production, is considered economically viable for Farm A based on the
information provided and used in this study. Option 2, electricity production, may also be
economically viable for Farm A if a slightly higher electricity tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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16.0 FARM A PROJECT BUDGET —= ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM A

Electricity Production

Option 1 - 25%

Option 2 - 49%

Option 1 - w/grant

Option 2 - w/grant
money under

Non-Ag Non-Ag money under SOP sop
Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,500 2 1,500 1 1,500 2 1,500
Dairy Manure (m3/r) 11,400 11,400 11,400 11,400
Hog Manure (m3/yr) 5,400 5,400 5,400 5,400
Source Separated Organics (SSO) (m3/yr) 2,800 8,400 2,800 8,400
Fats, Oils and Grease (FOG) (m3/yr) 2,800 8,400 2,800 8,400
Total Feedstock Volume (m3/yr) 22,400 33,600 22,400 33,600
Engine operating time (hr/day) 219 21.9 219 219
Engine Size kW 390 960 390 960
Electricity Production (kWh/yr) 3,074,760 7,568,640 3,074,760 7,568,640
Electricity Production (kWh/day) 8,541 21,024 8,541 21,024
Budget Estimates
Anaerobic Digester $513,000 $1,026,000 $513,000 $1,026,000
Co-Gen Plant (non-containerized) $624,000 $1,152,000 $624,000 $1,152,000
Powerhouse & Plumbing $137,000 $274,000 $137,000 $274,000
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $110,000 $220,000 $110,000 $220,000
Low Voltage Electrical Distribution $170,000 $340,000 $170,000 $340,000
System Controls and Automation (inc. hydraulics) $78,000 $156,000 $78,000 $156,000
Project Development (7%) 7% $143,990 $256,760 $143,990 $256,760
Engineering & Project Management (10%) 10%  $205,700 $366,800 $205,700 $366,800
Risk Management (20%) 20% $481,338 $858,312 $481,338 $858,312
Total Capital Expenditure $2,888,028 $5,149,872 $2,888,028 $5,149,872
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.235 $722,569( 0.166 $1,256,394| 0.100 $307,476/0.100 $756,864
Tipping Fees (SSO) $30  $84,000 $252,000 $84,000 $252,000
Tipping Fees (FOG) $15  $42,000 $126,000 $42,000 $126,000
Total Revenue $848,569 $1,634,394 $433,476 $1,134,864
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $61,495 $151,373 $61,495 $151,373
Digester Maintenance (0.5 Cents/kWh) 0.005 $15,374 $37,843 $15,374 $37,843
Labour for System Operation (h/day; $50/h, 1hr/100kW) 4 $71,175 10 $175,200 4 $71,175 10 $175,200
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $12,914 $31,788 $12,914 $31,788
Reinvestments 1% $28,880 $51,499 $28,880 $51,499
Total Operating Cost $189,838 $447,703 $189,838 $447,703
Net Operational Income $658,730 $1,186,691 $243,638 $687,161
Financing
Total Investment $2,888,028 $5,149,872 $2,888,028 $5,149,872
Grant(s) $0 $0 60% $1,732,817| 40% $2,059,949
Loan 100% $2,888,028| 100% $5,149,872 40% $1,155,211( 60% $3,089,923
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.1%| 5.1% 5.4%
Average Income Before Tax $287,423 $519,716 $147,644 $277,097
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17.0 FARM A PROJECT BUDGET = BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM A

. . Option 1 - 25% Non-| Option 2 - 49% Option 1 - Option 2 -

Biogas Upgrading Ag Non-Ag w/funding w/funding
Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,500 2 1,500 1 1,500 2 1,500
Dairy Manure (m3/yr) 11,400 11,400 11,400 11,400
Hog Manure (m3/yr) 5,400 5,400 5,400 5,400
Source Separated Organics (SSO) (m3/yr) 2,800 8,400 2,800 8,400
Fats, Oils and Grease (FOG) (m3/yr) 2,800 8,400 2,800 8,400
Total Feedstock Volume (m3/yr) 22,400 33,600 22,400 33,600
Biogas Production (m3/hr) 159 386 159 386
Biogas Production (m3/yr) 1392840 3381360 1392840 3381360
Energy Production (GJ/hr) 3.339 8.106 3.339 8.106
Energy Production (GJ/yr) 29,250 71,009 29,250 71,009
Budget Estimates
Anaerobic Digester $513,000 $1,026,000 $513,000 $1,026,000
Biogas Upgrading System $1,200,000 $1,500,000 $1,200,000 $1,500,000
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
FortisBC Interconnection $500,000 $500,000 $500,000 $500,000
Low Voltage Electrical $170,000 $340,000 $170,000 $340,000
System Controls and Automation (inc. hydraulics) $78,000 $156,000 $78,000 $156,000
Project Development (7%) 7%  $184,520 $264,040 $184,520 $264,040
Engineering & Project Management (10%) 10%  $263,600 $377,200 $263,600 $377,200
Risk Management (20%) 20%  $616,824 $882,648 $616,824 $882,648
Total Capital Expenditure $3,700,944 $5,295,888 $3,700,944 $5,295,888
Revenue
Sale of Biogas ($/GJ) 30.60 $895,039|16.01 $1,136,847| 15.28 $446,934(15.28 $1,085,011
Tipping Fees (SSO) $30 $84,000 $252,000 $84,000 $252,000
Tipping Fees (FOG) $15 $42,000 $126,000 $42,000 $126,000
Total Revenue $1,021,039 $1,514,847 $572,934 $1,463,011
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $13,928 $33,814 $13,928 $33,814
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 3 $40,625 8 $98,623 3 $40,625 8 $98,623
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh 7% $11,700 $28,403 $11,700 $28,403
Upgrading System Electricity Consumption $37,000 $55,000 $37,000 $55,000
Reinvestments 1% $37,009 $52,959 $37,009 $52,959
Total Operating Cost $163,862 $292,399 $163,862 $292,399
Net Operational Income $857,177 $1,222,448 $409,072 $1,170,612
Fnancing
Total Investment $3,700,944 $5,295,888 $3,700,944 $5,295,888
Grant(s) $0 $0[ 60% $2,220,566( 0% $0
Loan 100% $3,700,944(100% $5,295,888| 40% $1,480,378(100% $5,295,888
Equity 0% $0[ 0% $0 0% $0( 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0%) 10.0% 5.6% 8.2%
Average Income Before Tax $368,808 $527,697 $207,072 $433,612
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18.0 FARM B EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm B” in Rosedale.
The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm B
would process dairy manure and non-agricultural organic feedstocks to produce renewable
energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm B would be economically viable with
49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.173/kWh;

e Electricity tariff of $0.10/kWh and funding of 42.5% ($2,364,364); or

e Biomethane tariff of $16.25/GJ;

¢ Biomethane tariff of $15.28/GJ will produce 7.9% ROI with no funding.

If Farm B were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.196/kWh;

e Electricity tariff of $0.10/kWh and funding of 57.5% ($2,777,112); or

e Biomethane tariff of $18.60/GJ;

e Biomethane tariff of $15.28/GJ will produce 5.3% ROI with no funding.

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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19.0 FARM B PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

19.1 Site Description

Farm B is a dairy operation in Rosedale, B.C. that milks 1,400 cows at their location. The total
number of on-site animals is 1,600. Young stock and some dry stock are kept at a separate
location approximately 6km away. Due to the distance, manure from the second location is not
considered viable for inclusion in this study.

Farm B uses sand bedding and a flush system for manure management. A sand separation
system and solid separator are currently installed and operational at Farm B. It is assumed that
the manure is heavily diluted with washwater.

19.2 Project-Specific Considerations

19.2.1 Electrical Interconnection

Farm B has three-phase service available on-site. According to preliminary estimates, there is
availability for up to 999kW at Farm B, and interconnection costs have been estimated at
$375,000.

19.2.2 Natural Gas Interconnection
Farm B has natural gas available on-site. Interconnection costs have been estimated at
$500,000, with limits on the amount of biomethane FortisBC can inject into their grid.

19.2.3 Availability of Feedstocks
Based on information provided by Farm B, the following feedstocks have been identified as
currently available:

e Dairy Manure:
o Available from 1,400 milkers and an additional 200 animals on-site creating
30,280 tonnes/year of manure, mixed with 7,570 tonnes of wash water creating a
mixture at approximately 5% TS.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

e Fats Oils and Greases (FOG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.
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19.3 Co-Products
AD systems enable production of a number of beneficial co-products. The following section
discusses Farm B’s co-product opportunities.

19.3.1 Thermal Energy

Thermal energy could be available for use at Farm B through the integration of a co-generation
unit or biogas boiler. Less than 200 metres north of Farm B is a poultry operation that may have
high heat loads. As such, thermal energy produced by the AD system could be used by the
poultry operation.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm B could range from
450,000btu — 4,000,000btu using a co-generation unit, or 600,000btu — 4,500,000btu using high-
efficiency, direct combustion.

19.3.2 Livestock Bedding

Farm B spends approximately $50,000/year on sand for livestock bedding. Digestate material
from the AD system would be a suitable replacement for livestock bedding if properly managed
after the digestion process. Furthermore, the use of digestate bedding could alleviate some of
the technical challenges associated with managing sand as a bedding material and/or a residue
in the AD system. Depending on the separation technology selected and desired moisture
content, livestock bedding production post-AD typically involves a solid separator and optional
drying.

19.3.3 Tipping Fees

Farm B has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

19.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP.

These systems are typically capital intensive and should be considered in the context of an
independent economic evaluation, whereby capital would be offset by the sale of recovered
nutrients and/or the savings for disposal of excess nutrients.

Farm B currently spends approximately $150,000/year on synthetic fertilizers, of which the
majority is nitrogen.
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20.0 FARM B PROJECT OPTIONS
20.1 Option 1: 25% Non-Agricultural Feedstocks

Substrate: Daily Weekly Yearly
Dairy manure 104 m® 728 m® 37,850 m®
FOG 17 m3 121 m3 6,300 m3
SSO 17 m? 121 m® 6,300 m®
TOTAL 138 m® 970 m® 50,450 m*
Minimal required digester volume: 1,500 m®

No of digesters: 2

Biogas production: 7,488 m*/day

Organic loading rate: 3.4 kg VS/day

HRT: 27 days

CHP unit: 770 KW

Upgrading unit capacity: 325 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes two (2) 1,500m?® digesters and a 770kW co-generation unit or
equivalent biogas scrubber. Anticipated biogas production is 312m?hour.

20.2 Option 2: 49% Non-Agricultural Feedstocks

Substrate: Daily Weekly Yearly
Dairy manure 104 m® 728 m® 37,850 m®
FOG 23 m3 163 m3 8,500 m3
SSO 23 m’ 163 m® 8,500 m®
TOTAL 150 m® 1,054 m® 54,850 m®
Minimal required digester volume: 1,500 m®

No of digesters: 2

Biogas production: 9,624 m®/day

Organic loading rate: 3.6 kg VS/day

HRT: 22 days

CHP unit: 999 kW

Upgrading unit capacity: 800m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes 2 x 1,500m?® digesters and a 999kW co-generation unit or
equivalent biogas scrubber. Anticipated biogas production is 401m?hour.
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21.0 FARM B REQUIRED TARIFFS
21.1 Energy Tariff and Funding Requirements

Electricit % Funding Biomethane % Funding
. , Y Necessary under Tariff Necessary
Option # Tariff Required Sop R ired th
($/kWh) equire wit
($/GJ) $15.28/GJ
1: 25% $0.196 57.5% $18.60 0%*
2: 49% $0.173 42.5% $16.25 0%*

Note*: 0% indicates the AD system is able to make greater than 5% ROI using $15.28/GJ

21.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require somewhat high energy tariffs of $0.196/kWh or $18.60/GJ for electricity
and biomethane, respectively. Alternatively, this AD system would require 57.5% funding if it
produces electricity for sale to the SOP. Given the low likelihood of this electricity tariff or amount
funding being available in the foreseeable future, this option is only considered potentially
economically viable for biomethane production. However, this will depend upon interconnection
costs, FortisBC'’s ability to accept the biomethane into their grid, and the ability to generate
economic value from co-products.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.173/kWh or $16.25/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 42.5% funding if it produces electricity
for sale to the SOP. As such, there is a high probability that this option will be economically
viable for biomethane production. However, this will depend upon interconnection costs,
FortisBC’s ability to accept the biomethane into their grid, and the ability to generate economic
value from co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.03/kwWh — $0.07/kWh higher electricity tariff
or availability of some funding. While the required electricity tariff or funding amount for Farm B’s
AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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22.0 FARM B CONCLUSION

While installation of an AD system at Farm B is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities.

As a result of the inclusion of a high volume of washwater used in Farm B'’s flush system, the
capital cost associated with the AD system is higher than would be if alternative manure
management techniques were employed. Consideration of the capital cost increases associated
with the use of flush manure washwater should be given when evaluating system installation
and any changes to farm practice.

Option 2, biomethane production, is considered economically viable for Farm B based on the
information provided and used in this study. Option 1, biomethane production, could be
economically viable for Farm B, while Option 2, electricity production, may also be economically
viable for Farm B if a slightly higher energy tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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23.0 FARM B PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM B

Electricity Production

Option 1 - 25%

Option 2 - 49%

Option 1 - w/grant

Option 2 - w/grant

Non-Ag Non-Ag money under SOP |money under SOP
Components Qty Qty Qty Qty
Digester (No, size m3) 2 1,500 2 1,500 2 1,500 2 1,500
Dairy Manure (m3/yr) 37,850 37,850 37,850 37,850
Source Separated Organics (SSO) (m3/yr) 6,300 8,500 6,300 8,500
Fats, Oils and Grease (FOG) (m3/yr) 6,300 8,500 6,300 8,500
Total Feedstock Volume (m3/yr) 50,450 54,850 50,450 54,850
Engine operating time (hr/day) 21.9 219 21.9 219
Engine Size kW 770 999 770 999
Electricity Production (kWh/yr) 6,070,680 7,876,116 6,070,680 7,876,116
Electricity Production (kWh/day) 16,863 21,878 16,863 21,878
Budget Estimates
Anaerobic Digester $1,026,000 $1,026,000 $1,026,000 $1,026,000
Co-Gen Plant (non-containerized) $924,000 $1,098,900 $924,000 $1,098,900
Powerhouse & Plumbing $274,000 $342,500 $274,000 $342,500
Off-Farm Reception $200,000 $300,000 $200,000 $300,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $220,000 $275,000 $220,000 $275,000
Low Voltage Electrical Distribution $340,000 $425,000 $340,000 $425,000
System Controls and Automation (inc. hydraulics) $156,000 $195,000 $156,000 $195,000
Project Development (7%) 7%  $240,800 $277,368 $240,800 $277,368
Engineering & Project Management (10%) 10% $344,000 $396,240 $344,000 $396,240
Risk Management (20%) 20% $804,960 $927,202 $804,960 $927,202
Total Capital Expenditure $4,829,760 $5,563,210 $4,829,760 $5,563,210
Revenue
Sale Electricity - Electricity Tariff (Cent’/kWh) 0.196 $1,189,853| 0.173 $1,362,568 0.100 $607,068| 0.100 $787,612
Tipping Fees (SSO) $30  $189,000 $255,000 $189,000 $255,000
Tipping Fees (FOG) $15  $94,500 $127,500 $94,500 $127,500
Total Revenue $1,473,353 $1,745,068 $890,568 $1,170,112
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $121,414 $157,522 $121,414 $157,522
Digester Maintenance (0.5 Cents/kWh) 0.005 $30,353 $39,381 $30,353 $39,381
Labour for System Operation (h/day; $50/h, 1hr/100kW) 8 $140,525 10 $182,318 8 $140,525 10 $182,318
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $25,497 $33,080 $25,497 $33,080
Reinvestments 1% $48,298 $55,632 $48,298 $55,632
Total Operating Cost $366,086 $467,932 $366,086 $467,932
Net Operational Income $1,107,267 $1,277,136 $524,482 $702,179
Financing
Total Investment $4,829,760 $5,563,210 $4,829,760 $5,563,210
Grant(s) $0 $0| 57.5% $2,777,112[425% $2,364,364
Loan 100% $4,829,760| 100% $5,563,210| 42.5% $2,052,648|57.5% $3,198,846
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.0%) 5.2% 5.0%
Average Income Before Tax $483,599 $557,355 $251,877 $278,855
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24.0 FARM B PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM B

i - 0, - i - 0, i -

Biogas Upgrading Option 1A;5Aa Non Optﬁgnz_Agg o Option 1 - w/funding ﬁgﬂzzlig
Components Qty Qty Qty Qty
Digester (No, size m3) 2 1,500 2 1,500 2 1,500 2 1,500
Dairy Manure (m3/yr) 37,850 37,850 37,850 37,850
Source Separated Organics (SSO) (m3/yr) 6,300 8,500 6,300 8,500
Fats, Oils and Grease (FOG) (m3/yr) 6,300 8,500 6,300 8,500
Total Feedstock Volume (m3/yr) 50,450 54,850 50,450 54,850
Biogas Production (m3/hr) 312 401 312 401
Biogas Production (m3/yr) 2,733,120 3,512,760 2,733,120 3,512,760
Energy Production (GJ/hr) 6.552 8.421 6.552 8.421
Energy Production (GJ/yr) 57,396 73,768 57,396 73,768
Budget Estimates
Anaerobic Digester $1,026,000 $1,026,000 $1,026,000 $1,026,000
Biogas Upgrading System $1,200,000 $1,500,000 $1,200,000 $1,500,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
Off-Farm Reception $200,000 $300,000 $200,000 $300,000
FortisBC Interconnection $500,000 $500,000 $500,000 $500,000
Low Voltage Electrical $340,000 $425,000 $340,000 $425,000
System Controls and Automation (inc. hydraulics) $156,000 $195,000 $156,000 $195,000
Project Development (7%) 7% $243,040 $279,720 $243,040 $279,720
Engineering & Project Management (10%) 10%  $347,200 $399,600 $347,200 $399,600
Risk Management (20%) 20% $812,448 $935,064 $812,448 $935,064
Total Capital Expenditure $4,874,688 $5,610,384 $4,874,688 $5,610,384
Revenue
Sale of Biogas ($/GJ) 18.60 $1,067,557|16.25 $1,198,729| 15.28 $877,004| 15.28 $1,127,174
Tipping Fees (SSO) $30  $189,000 $255,000 $189,000 $255,000
Tipping Fees (FOG) $15  $94,500 $127,500 $94,500 $127,500
Total Revenue $1,351,057 $1,581,229 $1,160,504 $1,509,674
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $27,331 $35,128| $0.01 $27,331 $35,128
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 6 $79,716 8  $102,456 6 $79,716 8  $102,456
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh 7% $22,958 $29,507 $22,958 $29,507
Upgrading System Electricity Consumption $37,000 $55,000 $37,000 $55,000
Reinvestments 1% $48,747 $56,104 $48,747 $56,104
Total Operating Cost $239,352 $301,794 $239,352 $301,794
Net Operational Income $1,111,704 $1,279,435 $921,151 $1,207,880
Financing
Total Investment $4,874,688 $5,610,384 $4,874,688 $5,610,384
Grant(s) $0 $0 $0 $0
Loan 100% $4,874,688(100% $5,610,384| 100% $4,874,688|100% $5,610,384
Equity 0% $0[ 0% $0 0% $0| 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0% 10.0% 5.3%) 7.9%)
Average Income Before Tax $488,420 $560,860 $258,151 $444,880
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25.0 FARM C EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm C” in Chilliwack.
The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm C
would process dairy manure, poultry waste and non-agricultural feedstocks to produce
renewable energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm C would be economically viable
with 49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.188/kWh;

e Electricity tariff of $0.10/kWh and funding of 55% ($2,313,125); or

¢ Biomethane tariff of $18.30/GJ; or

e Biomethane tariff of $15.28/GJ will produce a 5.6% ROI with no funding.

If Farm C were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.290/kWh;

e Electricity tariff of $0.10/kWh and funding of 90% ($2,397,049); or

e Biomethane tariff of $33.80/GJ; or

e Biomethane tariff of $15.28/GJ and funding of 67.5% ($2,071,672).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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26.0 FARM C PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure information presented herein is understood in the proper context
and with all necessary supporting information.

26.1 Site Description

Farm C is a dairy operation in Chilliwack, B.C. that milks 300 cows. With the inclusion of young
stock and dry cows, total herd size is approximately 650 cows. Farm C also operates a 70,000
bird broiler operation which generates approximately 500 tonnes/year of poultry litter. Dairy
manure is collected via automated alley scrapers while the poultry waste is moved using front-
loaders.

Farm C recently acquired a neighbouring farm which is currently vacant. The acquired farm has
existing 3-phase service and, as a result, is likely a favourable location to site the AD system.

26.2 Project-Specific Considerations

26.2.1 Electrical Interconnection

While Farm C does not have three-phase service, the recently acquired neighbouring farm does.
The distance between the two sites is approximately 400m. It is likely economically and
logistically favourable to site the AD system at the newly acquired farm location to take
advantage of existing three-phase service and to pipe manure from Farm C. Interconnection
costs have been estimated at $500,000.

26.2.2 Natural Gas Interconnection

Farm C has natural gas available on-site, as does the newly acquired farm. While
interconnection costs have been estimated at $100,000 — $400,000, FortisBC has expressed an
interest in managing these costs and minimizing system contribution for interconnection.
FortisBC can also accept all of the biomethane from this system into their grid.

26.2.3 Availability of Feedstocks
Based on information provided by Farm C, the following feedstocks have been identified as
currently available:

e Dairy Manure:

o 300 milkers and 350 young stock mixed with dry cows.
e Poultry Litter:

o 70,000 bird broiler operation*.

*Note that poultry litter is a particularly challenging feedstock as a result of high nitrogen and
total solids content. Operational experience and computer simulation indicates an absolute
minimum dairy manure to poultry litter ratio of 5:1 is necessary. However, this ratio is highly
dependent on individual feedstock characteristics and should only be used as a rough
estimation. Given the high proportion of dairy manure, it is likely that poultry manure will be a
viable feedstock for this AD system.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

e Fats Oils and Greases (FOQG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.
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e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.

26.3 Co-Products
AD systems enable production of a number of beneficial co-products. The following section
discusses Farm C’s co-product opportunities.

26.3.1 Thermal Energy

Thermal energy could be available for use at Farm C through the integration of a co-generation
unit or biogas boiler. While the farm operation does not have any significant heat loads, minor
heating requirements, such as for the poultry operation, could be met.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm C could range from
300,000btu — 1,200,000btu using a co-generation unit, or 700,000btu — 3,500,000btu using high-
efficiency, direct combustion.

26.3.2 Livestock Bedding

Farm C spends approx $60 — $70,000/year on sawdust for livestock bedding. Digestate material
from the AD system would be a suitable replacement for livestock bedding if properly managed
after digestion process. Depending on the technology selected and desired moisture content,
livestock bedding production post-AD typically involves a solid separator and optional drying.

26.3.3 Tipping Fees

Farm C has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

26.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.
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27.0 FARM C PROJECT OPTIONS
27.1 Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 31m? 221 m° 11,500 m®
Poultry litter 1.5 m? 95m? 500 m®
FOG 5m?’ 38 m’ 2,000 m®
SSO 5m? 38 m’ 2,000 m®
TOTAL 425 m° 306.5m° 16,000 m®
Minimal required digester volume: 1,500 m®

No of digesters: 1

Biogas production: 2,808 m®/day

Organic loading rate: 3.3kgVS/day

HRT: 28 days

CHP unit: 290 kW

Upgrading unit capacity 300 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes a 1,500m? digester and a 290kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 117m*/hour.

27.2 Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 31m? 220 m® 11,500 m*®
Poultry litter 1.5 m? 95m? 500 m®
FOG 16 m® 115 m® 6.000 m®
SSO 16 m® 115 m® 6,000 m*
TOTAL 64.5 m* 459.5m® 24,000 m*
Minimal required digester volume: 1,250 m®

No of digesters: 2

Biogas production: 6,696 m®day

Organic loading rate: 3.6kgVS/day

HRT: 24 days

CHP unit: 690 kW

Upgrading unit capacity 300 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes 2 x 1,250m?® digesters and a 690kW co-generation unit or
equivalent biogas scrubber. Anticipated biogas production is 279m?®hour.
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28.0 FARM C REQUIRED TARIFFS
28.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding
Obti , . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with
($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.290 90% $33.80 67.5%
2: 49% $0.188 55% $18.30 0%*

Note*: 0% indicates the AD system is able to make greater than 5% ROI using $15.28/GJ

28.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.290/kWh or $33.80/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 90% funding if it produces
electricity for sale to the SOP or 67.5% if it produced biomethane for sale to FortisBC. Given the
low likelihood of these tariffs or this amount of funding being available in the foreseeable future,
this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.188/kWh or $18.30/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 55% funding if it produces electricity for
sale to the SOP. As such, there is a high probability that this option will be economically viable
for biomethane production. However, this will depend upon interconnection costs, FortisBC’s
ability to accept the biomethane into their grid, and the ability to generate economic value from
co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.04/kWh — $0.08/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
C’s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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29.0 FARM C CONCLUSION

While installation of an AD system at Farm C is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities and characteristics.
Furthermore, addition of a significant quantity of low nitrogen and low TS feedstock is also vital
to enable Farm C’s AD system to operate effectively.

Option 2, biomethane production, may be economically viable for Farm C based on the
information provided and used in this study. Option 2, electricity production, may also be
economically viable for Farm C if a slightly higher electricity tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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30.0 FARM C PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM C

Electricity Production Option 1 - 25% Option 2 - 49% Option 1 - w/grant Op;:(()):.:y_lﬁ/g;?m
Non-Ag Non-Ag money under SOP sopP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,500 2 1,250 1 1,500 2 1,250
Dairy Manure (m3/yr) 11,500 11,500 11,500 11,500
Poultry Waste (Broiler m3/yr) 500 500 500 500
Source Separated Organics (SSO) (m3/yr) 2,000 6,000 2,000 6,000
Fats, Oils and Grease (FOG) (m3/yr) 2,000 6,000 2,000 6,000
Total Feedstock Volume (m3/yr) 16,000 24,000 16,000 24,000
Engine operating time (hr/day) 21.9 21.9 219 21.9
Engine Size kW 290 690 290 690
Electricity Production (kWh/yr) 2,286,360 5,439,960 2,286,360 5,439,960
Electricity Production (kWh/day) 6,351 15,111 6,351 15,111
Budget Estimates
Anaerobic Digester $513,000 $950,000 $513,000 $950,000
Co-Gen Plant (non-containerized) $464,000 $828,000 $464,000 $828,000
Powerhouse & Plumbing $137,000 $205,500 $137,000 $205,500
Off-Farm Reception $125,000 $175,000 $125,000 $175,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $110,000 $165,000 $110,000 $165,000
Low Voltage Electrical Distribution $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $132,790 $209,685 $132,790 $209,685
Engineering & Project Management (10%) 10% $189,700 $299,550 $189,700 $299,550
Risk Management (20%) 20% $443,898 $700,947 $443,898 $700,947
Total Capital Expenditure $2,663,388 $4,205,682 $2,663,388 $4,205,682
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.290 $663,044| 0.188 $1,022,712( 0.100 $228,636/0.100 $543,996
Tipping Fees (SSO) $30 $60,000 $180,000 $60,000 $180,000
Tipping Fees (FOG) $15 $30,000 $90,000 $30,000 $90,000
Total Revenue $753,044 $1,292,712 $318,636 $813,996
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $45,727 $108,799 $45,727 $108,799
Digester Maintenance (0.5 Cents/kWh) 0.005 $11,432 $27,200 $11,432 $27,200
Labour for System Operation (h/day; $50/h, 1hr/100kW) 3 $52,925 7 $125,925 3 $52,925 7 $125,925
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $9,603 $22,848 $9,603 $22,848
Reinvestments 1% $26,634 $42,057 $26,634 $42,057
Total Operating Cost $146,321 $326,829 $146,321 $326,829
Net Operational Income $606,724 $965,884 $172,315 $487,167
Financing
Total Investment $2,663,388 $4,205,682 $2,663,388 $4,205,682
Grant(s) $0 $0 90% $2,397,049| 55% $2,313,125
Loan 100% $2,663,388( 100% $4,205,682 10% $266,339| 45% $1,892,557
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.1% 5.1%| 5.6%
Average Income Before Tax $265,634 $423,095 $137,147 $236,752
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31.0 FARM C PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM C

. . Option 1 - 25% Non-| Option 2 -49% Option 1 - Option 2 -

Biogas Upgrading Ag Non-Ag w/funding w/funding
Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,500 2 1,250 1 1,500 2 1,250
Dairy Manure (m3/yr) 11,500 11,500 11,500 11,500
Poultry Waste (Broiler m3/yr) 500 500 500 500
Source Separated Organics (SSO) (m3/yr) 2,000 6,000 2,000 6,000
Fats, Oils and Grease (FOG) (m3/yr) 2,000 6,000 2,000 6,000
Total Feedstock Volume (m3/yr) 16,000 24,000 16,000 24,000
Biogas Production (m3/hr) 117 279 117 279
Biogas Production (m3/yr) 1,024,920 2,444,040 1,024,920 2,444,040
Energy Production (GJ/hr) 2.457 5.859 2.457 5.859
Energy Production (GJ/yr) 21,523 51,325 21,523 51,325
Budget Estimates
Anaerobic Digester $513,000 $950,000 $513,000 $950,000
Biogas Upgrading System $1,000,000 $1,200,000 $1,000,000 $1,200,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
Off-Farm Reception $125,000 $175,000 $125,000 $175,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7%  $153,020 $216,790 $153,020 $216,790
Engineering & Project Management (10%) 10%  $218,600 $309,700 $218,600 $309,700
Risk Management (20%) 20%  $511,524 $724,698 $511,524 $724,698
Total Capital Expenditure $3,069,144 $4,348,188 $3,069,144 $4,348,188
Revenue
Sale of Biogas ($/GJ) 33.80 $727,488|18.30 $939,245| 15.28 $328,876(15.28 $784,244
Tipping Fees (SSO) $30 $60,000 $180,000 $60,000 $180,000
Tipping Fees (FOG) $15 $30,000 $90,000 $30,000 $90,000
Total Revenue $817,488 $1,209,245 $418,876 $1,054,244
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $10,249 $24,440( $0.01 $10,249 $24,440
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 2 $29,894 6 $71,285 2 $29,894 6 $71,285
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kwh 7% $8,609 $20,530 $8,609 $20,530
Upgrading System Electricity Consumption $18,000 $37,000 $18,000 $37,000
Reinvestments 1% $30,691 $43,482 $30,691 $43,482
Total Operating Cost $121,043 $220,337 $121,043 $220,337
Net Operational Income $696,445 $988,908 $297,833 $833,907
Fnancing
Total Investment $3,069,144 $4,348,188 $3,069,144 $4,348,188
Grant(s) $0 $0( 67.5% $2,071,672 $0
Loan 100% $3,069,144(100% $4,348,188| 32.5% $997,472(100% $4,348,188
Equity 0% $0[ 0% $0( 0.0% $0( 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0% 10.0%) 5.3%) 5.6%
Average Income Before Tax $305,734 $432,875 $162,333 $243,107

93



32.0
33.0
33.1
33.2
33.2.1
33.2.2
33.2.3
33.3
33.3.1
33.3.2
33.3.3
33.3.4
34.0
34.1
34.2
35.0
35.1
35.2
36.0
37.0
38.0

Farm D
Anaerobic Digestion Feasibility Study

FARM D TABLE OF CONTENTS

FARM D EXECUTIVE SUMMARY

FARM D PROJECT SCOPE

Site Description

Project-Specific Considerations

Electrical Interconnection

Natural Gas Interconnection

Availability of Feedstocks

Co-Products

Thermal Energy

Livestock Bedding

Tipping Fees

Nutrient Recovery

FARM D PROJECT OPTIONS

Option 1: 25% Non-Agricultural Feedstocks
Option 2: 49% Non-Agricultural Feedstocks
FARM D REQUIRED TARIFFS

Energy Tariff and Funding Requirements
Consideration of Options

FARM D CONCLUSION

FARM D PROJECT BUDGET - ELECTRICITY PRODUCTION
FARM D PROJECT BUDGET - BIOMETHANE PRODUCTION

95
96
96
96
96
96
96
97
97
97
97
97
98
98
98
99
99
99
100
101
102

94



32.0 FARM D EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm D” in
Vanderhoof. The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark
Study, herein known as The Study, and should be referenced as such. The proposed AD system
on Farm D would process livestock manure and non-agricultural feedstocks to produce
renewable energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm D would be economically viable
with 49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.262/kWh;

e Electricity tariff of $0.10/kWh and funding of 80% ($2,003,789); or
e Biomethane tariff of $32.30/GJ;

e Biomethane tariff of $15.28/GJ and funding of 60% ($1,830,535).

If Farm D were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.430/kWh;

e Electricity tariff of $0.10/kWh and funding of 100% ($1,668,654); or

e Biomethane tariff of $71.00/GJ;

e Biomethane tariff of $15.28/GJ and funding of 100% ($2,595,996).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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33.0 FARM D PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

33.1 Site Description
Farm D is a beef feedlot operation outside of Vanderhoof, B.C. that houses approximately 1,000
head of cattle as well as approximately 200 dry dairy cows.

33.2 Project-Specific Considerations

33.2.1 Electrical Interconnection

B.C. Hydro estimates that approximately 100m of single-phase line requires upgrading to three-
phase service to the farm gate. Depending on the eventual siting of the AD system, another
100m — 500m of on-site high-voltage line may also be required. According to preliminary
estimates, there is availability for up to 100kW at Farm D, and interconnection costs have been
estimated at $400,000. For the purposes of the study estimates have been made based on
standard AD models, but it is important to note that BC Hydro would have to agree to take the
produced energy.

33.2.2 Natural Gas Interconnection

Farm D does not have natural gas available on-site, and it is understood to be an extremely long
distance away. Despite interconnection being unavailable for this site, this study includes
biomethane production for the purposes of informing the B.C. Anaerobic Digestion Benchmark
Study. Interconnection costs have been estimated at $250,000 — $350,000.

33.2.3 Availability of Feedstocks
Based on information provided by Farm D, the following feedstocks have been identified as
currently available:

e Cattle Manure:
o 1,000 head of beef cattle and 200 dry dairy cattle combined for 30% TS.
e Hog Manure or On-Farm Source at 5% TS:

o Necessary to have a 2:1 ratio of cattle manure to 5% hog manure or other on-
farm source.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

e Fats Oils and Greases (FOQG):
o Considered a high-energy non-agricultural feedstock;

o To stay within the normal operating parameters of the AD system, this FOG must
contain <15% TS; and

o Sourced from food processing facilities.
e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock;

o To stay within the normal operating parameters of the AD system, this must be
<15% TS when mixed with agricultural sources; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.
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33.3 Co-Products
AD systems enable production of a number of beneficial co-products. The following section
discusses Farm D’s co-product opportunities.

33.3.1 Thermal Energy

Thermal energy could be available for use at Farm D through the integration of a co-generation
unit or biogas boiler. While the current farm operation does not have any significant heat loads,
there are plans to incorporate greenhouses into the farm if an affordable source of heat is
available.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm D could range from
250,000btu — 1,000,000btu using a co-generation unit, or 600,000btu — 3,000,000btu using high-
efficiency, direct combustion.

33.3.2 Livestock Bedding

Digestate material from the AD system would be a suitable replacement for livestock bedding if
properly managed after the digestion process. Depending on the separation technology selected
and desired moisture content, livestock bedding production post-AD typically involves a solid
separator and optional drying.

33.3.3 Tipping Fees

Farm D has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

33.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.
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34.0
34.1

FARM D PROJECT OPTIONS
Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Total manure 14 m? 98 m® 5,100 m®
FOG 2ms 16 m3 850 ms
SSO 2m’ 16 m® 850 m®
TOTAL 18 m° 130 m® 6,800 m®
Minimal required digester volume: 500 m®

No of digesters: 1

Biogas production: 1,176 m*/day

Organic loading rate: 3.1 kg VS/day

HRT: 27 days

CHP unit: 120 kW

Upgrading unit capacity: 150 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstock. The proposed
AD system includes a 500m?® digester and a 120kW co-generation unit or equivalent biogas
scrubber. Anticipated biogas production is 49m*/hour.

34.2

Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Total manure 14 m? 98 m® 5,100 m®
FOG 7m3 49 m3 2,550 m3
SSO 7m 49 m® 2,550 m®
TOTAL 28 m® 196 m® 10,200 m®
Minimal required digester volume: 1,000 m®

No of digesters: 1

Biogas production: 2,832 m®/day

Organic loading rate: 3.4 kg VS/day

HRT: 28 days

CHP unit: 290 kW

Upgrading unit capacity: 150m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes a 1,000m® digester and a 290kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 118m*/hour.
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35.0 FARM D REQUIRED TARIFFS
35.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding

Obti : . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.430 100% $71.00 100%
2: 49% $0.262 80% $32.30 60%

35.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.430/kWh or $71.00/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 100% funding if it
produces electricity for sale to the SOP or biomethane for sale to FortisBC. Given the low
likelihood of these tariffs or this amount of funding being available in the foreseeable future, this
option is not considered economically viable.

Option 2: Despite the higher energy output proportionate to the capital input, this AD system
would still require energy tariffs of $0.262/kWh or $32.30/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 80% funding if it produces electricity for
sale to the SOP, or 60% if it produces biomethane for sale to FortisBC. Given the low likelihood
of these tariffs or this amount of funding being available in the foreseeable future, this option is
also not considered economically viable.
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36.0 FARM D CONCLUSION

While installation of an AD system at Farm D is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amounts, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities and characteristics.
Furthermore, addition of a significant quantity of low TS feedstock is also vital to enable the AD
system to operate.

Based on the information provided and used in this study, none of the AD system options are
considered economically viable for Farm D.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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37.0 FARM D PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM D

Electricity Production Ogg;nlj'o_ntf:;o Ozg;)nﬁo—ntfg\);o opr:?):ely L\ll\;/dg(ra?m Opr:(;:ezy :‘:]/géilm
SOP SOP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 500 1 1,000 1 500 1 1,000
Dairy & Beef Manure @ 30% TS (m3/yr) 1,700 1,700 1,700 1,700
Hog Manure or other on-farm @ 5% TS (m3/yr) 3,400 3,400 3,400 3,400
Source Separated Organics <15% TS (SSO) (m3/yr) 850 2,550 850 2,550
Fats, Oils and Grease <15% TS (FOG) (m3/yr) 850 2,550 850 2,550
Total Feedstock Volume (m3/yr) 6,800 10,200 6,800 10,200
Engine operating time (hr/day) 21.9 21.9 219 21.9
Engine Size kW 120 290 120 290
Electricity Production (kWh/yr) 946,080 2,286,360 946,080 2,286,360
Electricity Production (KWh/day) 2,628 6,351 2,628 6,351
Budget Estimates
Anaerobic Digester $300,000 $400,000 $300,000 $400,000
Co-Gen Plant (non-containerized) $216,000 $464,000 $216,000 $464,000
Powerhouse & Plumbing $68,500 $137,000 $68,500 $137,000
Off-Farm Reception $125,000 $125,000 $125,000 $125,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $55,000 $110,000 $55,000 $110,000
Low Voltage Electrical Distribution $85,000 $170,000 $85,000 $170,000
System Controls and Automation (inc. hydraulics) $39,000 $78,000 $39,000 $78,000
Project Development (7%) 7% $83,195 $124,880 $83,195 $124,880
Engineering & Project Management (10%) 10% $118,850 $178,400 $118,850 $178,400
Risk Management (20%) 20% $278,109 $417,456 $278,109 $417,456
Total Capital Expenditure $1,668,654 $2,504,736 $1,668,654 $2,504,736
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.430 $406,814]|0.262 $599,026| 0.100 $94,608[0.100 $228,636
Tipping Fees (SSO) $30 $25,500 $76,500 $25,500 $76,500
Tipping Fees (FOG) $15  $12,750 $38,250 $12,750 $38,250
Total Revenue $445,064 $713,776 $132,858 $343,386
Operating Cost
CHP Maintenance (2 Cents/kwWh) 0.020 $18,922 $45,727 $18,922 $45,727
Digester Maintenance (0.5 Cents/kWh) 0.005 $4,730 $11,432 $4,730 $11,432
Labour for System Operation (h/day; $50/h, 1hr/100kW) 1 $21,900 3 $52,925 1 $21,900 3 $52,925
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $3,974 $9,603 $3,974 $9,603
Reinvestments 1% $16,687 $25,047 $16,687 $25,047
Total Operating Cost $66,212 $144,734 $66,212 $144,734
Net Operational Income $378,852 $569,042 $66,646 $198,652
Hnancing
Total Investment $1,668,654 $2,504,736 $1,668,654 $2,504,736
Grant(s) $0 $0[100% $1,668,654| 80% $2,003,789
Loan 100% $1,668,654|100% $2,504,736 0% $0| 20%  $500,947
Equity 0% $0[ 0% $0| 0% $0| 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.0%y 4.0%) 5.3%
Average Income Before Tax $166,135 $250,641 $66,498 $132,778
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38.0 FARM D PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM D

Biogas Upgrading Option 1 - 25% Option 2 - 49% Option 1 - Option 2 -
Non-Ag Non-Ag w/funding w/funding

Components Qty Qty Qty Qty
Digester (No, size m3) 1 500 1 1,000 1 500 1 1,000
Dairy & Beef Manure @ 30% TS (m3 annual) 1,700 1,700 1,700 1,700
Hog Manure or other on-farm @ 5% TS (m3 annual) 3,400 3,400 3,400 3,400
Source Separated Organics <15% TS (SSO) (tonnes annual) 850 2,550 850 2,550
Fats, Oils and Grease <15% TS (FOG) (m3 annual) 850 2,550 850 2,550
Total Feedstock Volume (m3 annual) 6,800 10,200 6,800 10,200
Biogas Production (m3/hr) 49 118 49 118
Biogas Production (m3/yr) 429,240 1,033,680 429,240 1,033,680
Energy Production (GJ/hr) 1.029 2.478 1.029 2478
Energy Production (GJ/yr) 9,014 21,707 9,014 21,707
Budget Estimates
Anaerobic Digester $300,000 $400,000 $300,000 $400,000
Biogas Upgrading System $1,000,000 $1,000,000 $1,000,000 $1,000,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
Off-Farm Reception $125,000 $125,000 $125,000 $125,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $85,000 $170,000 $85,000 $170,000
System Controls and Automation (inc. hydraulics) $39,000 $78,000 $39,000 $78,000
Project Development (7%) 7% $129,430 $152,110 $129,430 $152,110
Engineering & Project Management (10%) 10% $184,900 $217,300 $184,900 $217,300
Risk Management (20%) 20% $432,666 $508,482 $432,666 $508,482
Total Capital Expenditure $2,595,996 $3,050,892 $2,595,996 $3,050,892
Revenue
Sale of Biogas ($/GJ) 71.00 $639,997|32.30 $701,145(15.28 $137,735/15.28  $331,687
Tipping Fees (SSO) $30 $25,500 $76,500 $25,500 $76,500
Tipping Fees (FOG) $15  $12,750 $38,250 $12,750 $38,250
Total Revenue $678,247 $815,895 $175,985 $446,437
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $4,292 $10,337| $0.01 $4,292 $10,337
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 1 $12,520 2 $30,149 1 $12,520 2 $30,149
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh) 7% $3,606 $8,683 $3,606 $8,683
Upgrading System Electricity Consumption $18,000 $18,000 $18,000 $18,000
Reinvestments 1% $25,960 $30,509 $25,960 $30,509
Total Operating Cost $87,977 $121,278 $87,977 $121,278
Net Operational Income $590,269 $694,618 $88,007 $325,160
Financing
Total Investment $2,595,996 $3,050,892 $2,595,996 $3,050,892
Grant(s) $0 $0|100% $2,595,996| 60% $1,830,535
Loan 100% $2,595,996|100% $3,050,892| 0% $0| 40% $1,220,357
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0%) 10.0% 3.4% 5.2%
Average Income Before Tax $260,263 $306,311 $88,007 $159,360
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39.0 FARM E EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm E” in Black
Creek. The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study,
herein known as The Study, and should be referenced as such. The proposed AD system on
Farm E would process dairy manure and non-agricultural feedstocks to produce renewable
energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm E would be economically viable with
49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.309/kWh;

e Electricity tariff of $0.10/kWh and funding of 90% ($2,101,367); or
e Biomethane tariff of $41.70/GJ;

e Biomethane tariff of $15.28/GJ and funding of 80% ($2,412,634).

If Farm E were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.550/kWh;

e Electricity tariff of $0.10/kWh and funding of 100% ($1,618,110); or

e Biomethane tariff of $94.50/GJ;

e Biomethane tariff of $15.28/GJ and funding of 100% ($2,595,996).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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40.0 FARM E PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

40.1 Site Description
Farm E is a dairy operation in Black Creek, B.C. that milks 100 cows. The farm uses alley
scrapers for manure collection.

40.2 Project-Specific Considerations

40.2.1 Electrical Interconnection

B.C. Hydro estimates that less than 250m of single-phase line requires upgrading to three-phase
service. According to preliminary estimates, there is availability for up to 180kW at Farm E, but
for the purposes of this study a standard AD model has been used. Interconnection costs have
been estimated at $425,000. In order for a project to proceed for electrical production, BC Hydro
would have to agree to take the produced energy.

40.2.2 Natural Gas Interconnection

Farm E does not have natural gas available on-site. FortisBC estimates that the closest natural
gas line is 500m — 1,000m away. Interconnection costs have been estimated at $250,000 —
$350,000.

40.2.3 Availability of Feedstocks
Based on information provided by Farm E, the following feedstocks have been identified as
currently available:

e Dairy Manure:

o Available from 100 milkers. However, Farm E has expressed an interest in
expanding to 250 milkers in the near future.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

¢ Fats Oils and Greases (FOG)
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO)
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.

40.3 Co-Products
AD systems enable production of a number of beneficial co-products. The following section
discusses Farm E’s co-product opportunities.

40.3.1 Thermal Energy

Thermal energy could be available for use at Farm E through the integration of a co-generation
unit or biogas boiler. While the farm operation does not have any significant heat loads, minor
heating requirements could be met.
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The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm E could range from
250,000btu — 1,000,000btu using a co-generation unit, or 600,000btu — 3,000,000btu using high-
efficiency, direct combustion.

40.3.2 Livestock Bedding

Farm E spends approximately $12,000/year on sawdust for livestock bedding. If the farm
expands to 250 milkers, this cost would rise to approximately $30,000/year. Similarly, if bedding
were supplied to the neighbouring farm in exchange for the use of manure, additional savings
could also be realized. Digestate material from the AD system would be a suitable replacement
for livestock bedding if properly managed after the digestion process. Depending on the
separation technology selected and desired moisture content, livestock bedding production post-
AD typically involves a solid separator and optional drying.

40.3.3 Tipping Fees

Farm E has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

40.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.
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41.0
41.1

FARM E PROJECT OPTIONS
Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 11m’ 77 m? 4,000 m*
FOG 1.5m?3 12 m3 650 m3
SSO 1.5m? 12 m? 650 m*
TOTAL 14 m° 101 m® 5,300 m®
Minimal required digester volume: 500 m®

No of digesters: 1

Biogas production: 888 m*/day

Organic loading rate: 3.2 kg VS/day

HRT: 27 days

CHP unit: 100 kW

Upgrading unit capacity: 150 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstock. The proposed
AD system includes a 500m?® digester and a 100kW co-generation unit or equivalent biogas
scrubber. Anticipated biogas production is 37m*/hour.

41.2

Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly

Dairy manure 11m’ 77m° 4,000 m*
FOG 5m3 38 ms3 2,000 m3
SSO 5m? 38 m? 2,000 m®
TOTAL 21 m? 153 m?® 8,000 m®

Minimal required digester volume: 750 m®

No of digesters: 1
Biogas production: 2,208 m®/day
Organic loading rate: 3.6 kg VS/day
HRT: 27 days
CHP unit: 230 kW
Upgrading unit capacity: 150 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes a 750m?® digester and a 230kW co-generation unit or equivalent

biogas scrubber. Anticipated biogas production is 92m*/hour.
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42.0 FARM E REQUIRED TARIFFS
42.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding

Obti : . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.550 100% $94.50 100%
2: 49% $0.309 90% $41.70 80%

42.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.550/kWh or $94.50/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 100% funding if it
produces electricity for sale to the SOP or 100% if it produces biomethane for sale to FortisBC.
Given the low likelihood of these tariffs or this amount of funding being available in the
foreseeable future, this option is not considered economically viable.

Option 2: Despite the higher energy output proportionate to the capital input, this AD system
would still require high energy tariffs of $0.309/kWh or $41.70/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 90% funding if it produces electricity for
sale to the SOP or 80% if it produces biomethane for sale to FortisBC. Given the low likelihood
of these tariffs or this amount of funding being available in the foreseeable future, this option is
also not considered economically viable.
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43.0 FARM E CONCLUSION

While installation of an AD system at Farm E is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities.

Based on the information provided and used in this study, none of the AD system options are
considered economically viable for Farm E.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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44.0 FARM E PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary -FARM E

Electricity Production Optﬁgn{ASS% Opti,\?gnZ_A-\SQ% Opr:?):;y L‘J":ﬁ:‘”t Opr:ct;l;:y :Zgéfm
SOP SOP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 500 1 750 1 500 1 750
Dairy Manure (m3/yr) 4,000 4,000 4,000 4,000
Source Separated Organics (SSO) (m3/yr) 650 2,000 650 2,000
Fats, Oils and Grease (FOG) (m3/yr) 650 2,000 650 2,000
Total Feedstock Volume (m3/yr) 5,300 8,000 5,300 8,000
Engine operating time (hr/day) 19.9 21.9 19.9 21.9
Engine Size kW 100 230 100 230
Electricity Production (kWh/yr) 716,400 1,813,320 716,400 1,813,320
Electricity Production (kWh/day) 1,990 5,037 1,990 5,037
Budget Estimates
Anaerobic Digester $300,000 $375,000 $300,000 $375,000
Co-Gen Plant (non-containerized) $180,000 $368,000 $180,000 $368,000
Off-Farm Reception $125,000 $125,000 $125,000 $125,000
Powerhouse & Plumbing $68,500 $137,000 $68,500 $137,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $55,000 $110,000 $55,000 $110,000
Low Voltage Electrical Distribution $85,000 $170,000 $85,000 $170,000
System Controls and Automation (inc. hydraulics) $39,000 $78,000 $39,000 $78,000
Project Development (7%) 7% $80,675 $116,410 $80,675 $116,410
Engineering & Project Management (10%) 10% $115,250 $166,300 $115,250 $166,300
Risk Management (20%) 20% $269,685 $389,142 $269,685 $389,142
Total Capital Expenditure $1,618,110 $2,334,852 $1,618,110 $2,334,852
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.550 $394,020/0.309 $560,316|0.100 $71,640[0.100 $181,332
Tipping Fees (SSO) $30  $19,500 $60,000 $19,500 $60,000
Tipping Fees (FOG) $15 $9,750 $30,000 $9,750 $30,000
Total Revenue $423,270 $650,316 $100,890 $271,332
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $14,328 $36,266 $14,328 $36,266
Digester Maintenance (0.5 Cents/kWh) 0.005 $3,582 $9,067 $3,582 $9,067
Labour for System Operation (h/day; $50/h, 1hr/100kW) 1 $18,250 2 $41,975 1 $18,250 2 $41,975
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $3,009 $7,616 $3,009 $7,616
Reinvestments 1% $16,181 $23,349 $16,181 $23,349
Total Operating Cost $55,350 $118,272 $55,350 $118,272
Net Operational Income $367,920 $532,043 $45,540 $153,060
Fnancing
Total Investment $1,618,110 $2,334,852 $1,618,110 $2,334,852
Grant(s) $0 $0(100% $1,618,110| 90% $2,101,367
Loan 100% $1,618,110(100% $2,334,852| 0% $0| 10% $233,485
Equity 0% $0( 0% $0| 0% $0| 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI before tax 10.0%) 10.0%) 2.8% 5.2%
Average Income Before Tax $162,227 $233,639 $45,540 $122,368
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45.0 FARM E PROJECT BUDGET — BIOMETHANE PRODUCTION

Budget Estimate Summary -FARM E

. . Option 1 - 25% Non-| Option 2 - 49% Option 1 - Option 2 -

Biogas Upgrading Ag Non-Ag w/funding w/funding
Components Qty Qty Qty Qty
Digester (No, size m3) 1 500 1 750 1 500 1 750
Dairy Manure (m3/yr) 4,000 4,000 4,000 4,000
Source Separated Organics (SSO) (m3/yr) 650 2,000 650 2,000
Fats, Oils and Grease (FOG) (m3/yr) 650 2,000 650 2,000
Total Feedstock Volume (m3/yr) 5,300 8,000 5,300 8,000
Biogas Production (m3/hr) 37 92 37 92
Biogas Production (m3/yr) 324,120 805,920 324,120 805,920
Energy Production (GJ/hr) 0.777 1.932 0.777 1.932
Energy Production (GJ/yr) 6,807 16,924 6,807 16,924
Budget Estimates
Anaerobic Digester $300,000 $375,000 $300,000 $375,000
Biogas Upgrading System $1,000,000 $1,000,000 $1,000,000 $1,000,000
Off-Farm Reception $125,000 $125,000 $125,000 $125,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $85,000 $170,000 $85,000 $170,000
System Controls and Automation (inc. hydraulics) $39,000 $78,000 $39,000 $78,000
Project Development (7%) 7% $129,430 $150,360 $129,430 $150,360
Engineering & Project Management (10%) 10% $184,900 $214,800 $184,900 $214,800
Risk Management (20%) 20% $432,666 $502,632 $432,666 $502,632
Total Capital Expenditure $2,595,996 $3,015,792 $2,595,996 $3,015,792
Revenue
Sale of Biogas ($/GJ) 9450 $643,216(41.70 $705,744| 15.28 $104,004|15.28 $258,604
Tipping Fees (SSO) $30  $19,500 $60,000 $19,500 $60,000
Tipping Fees (FOG) $15 $9,750 $30,000 $9,750 $30,000
Total Revenue $672,466 $795,744 $133,254 $348,604
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $3,241 $8,059( $0.01 $3,241 $8,059
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 1 $9,454 2 $23,506 1 $9,454 2 $23,506
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh) 7% $2,723 $6,770 $2,723 $6,770
Upgrading System Electricity Consumption $18,000 $18,000 $18,000 $18,000
Reinvestments 1% $25,960 $30,158 $25,960 $30,158
Total Operating Cost $82,977 $110,093 $82,977 $110,093
Net Operational Income $589,489 $685,651 $50,276 $238,511
Financing
Total Investment $2,595,996 $3,015,792 $2,595,996 $3,015,792
Grant(s) $0 $0| 100% $2,595,996( 80% $2,412,634
Loan 100% $2,595,996(100% $3,015,792 0% $0( 20% $603,158
Equity 0% $0| 0% $0 0% $0[ 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before tax 10.0% 10.0% 1.9% 5.2%)
Average Income Before Tax $259,991 $301,976 $50,276 $156,511
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46.0 FARM F EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm F” in Armstrong.
The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm F
would process dairy manure and non-agricultural feedstocks to produce renewable energy and
other beneficial co-products. It should be noted that the proposed system has a limit of 999kW at
this time.

This study concludes that the proposed AD system on Farm F would be economically viable with
30% non-agricultural feedstock creating a system size of 999kW or equivalent biomethane
output, dependent on the feedstocks used, under the following conditions*:

e Electricity tariff of $0.260/kWh;

e Electricity tariff of $0.10/kWh and funding of 80% ($6,638,000); or
e Biomethane tariff of $24.40/GJ;

e Biomethane tariff of $15.28/GJ and funding of 35% ($2,761,668).

If Farm F were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.266/kWh;

e Electricity tariff of $0.10/kWh and funding of 83% ($6,157,551); or

e Biomethane tariff of $26.50/GJ;

e Biomethane tariff of $15.28/GJ and funding of 40% ($3,016,915).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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47.0 FARM F PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

47.1  Site Description
Farm F is a dairy operation in Armstrong, B.C. that milks 1,000 cows. All barns at the farm use
automated alley scrapers for manure collection.

47.2 Project-Specific Considerations

47.2.1 Electrical Interconnection

B.C. Hydro estimates that approximately 4km of single-phase line requires upgrading to three-
phase service. According to preliminary estimates, there is availability for up to 999kW at Farm
F, and interconnection costs have been estimated at $2,000,000.

47.2.2 Natural Gas Interconnection

Farm F does not have natural gas available on-site. FortisBC estimates that the closest natural
gas line is 2km — 4km away. Interconnection costs have been estimated to be in excess of
$2,000,000.

47.2.3 Availability of Feedstocks
Based on information provided by Farm F, the following feedstocks have been identified as
currently available:

e Dairy Manure:
o Available from 1,000 milkers.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

¢ Fats Oils and Greases (FOG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.

47.3 Co-Products
AD systems enable production of a number of beneficial co-products. The following section
discusses Farm F’s co-product opportunities.

47.3.1 Thermal Energy

Thermal energy could be available for use at Farm F through the integration of a co-generation
unit or biogas boiler. While the farm operation does not have any significant heat loads, minor
heating requirements could be met.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm F could range from
1,000,000btu — 5,000,000btu using a co-generation unit, or 2,000,000btu — 8,000,000btu using
high-efficiency, direct combustion.
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47.3.2 Livestock Bedding

Farm F spends approximately $200,000/year on sawdust for livestock bedding. Digestate
material from the AD system would be a suitable replacement for livestock bedding if properly
managed after the digestion process. Depending on the separation technology selected and
desired moisture content, livestock bedding production post-AD typically involves a solid
separator and optional drying.

Farm F also spends approximately $190,000/year hauling manure for land application. The use
of a solid separator would isolate the nutrient-rich liquid portion of digestate, likely achieving a
significant reduction in hauling costs.

47.3.3 Tipping Fees

Farm F has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

47.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.

Farm F spends approximately $80,000/year on synthetic fertilizers, the majority of which is urea.
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48.0 FARM F PROJECT OPTIONS
48.1 Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 104 m® 728 m® 37,850 m®
FOG 17 m3 121 m3 6,300 m3
SSO 17 m? 121 m® 6,300 m®
TOTAL 138 m® 970 m® 50,450 m*
Minimal required digester volume: 1,500 m®

No of digesters: 2

Biogas production: 8,544 m*/day

Organic loading rate: 3.4 kg VS/day

HRT: 27 days

CHP unit: 880 kW

Upgrading unit capacity: 800 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstock. The proposed
AD system includes 2 x 1,500m? digesters and a 880kW co-generation unit or equivalent biogas
scrubber. Anticipated biogas production is 356m?hour.

48.2 Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 104 m® 728 m® 37,850 m®
FOG 20 m3 144 m3 7,500 m3
SSO 20 m’ 144 m® 7,500 m®
TOTAL 144 m® 1,016 m* 50,450 m®
Minimal required digester volume: 1,500 m®

No of digesters: 2

Biogas production: 9,720 m®/day

Organic loading rate: 3.6 kg VS/day

HRT: 22 days

CHP unit: 999 kW

Upgrading unit capacity: 800 m3/hr

Option 2 uses a mixture of available manure and 30% non-agricultural feedstocks. The
proposed AD system includes 2 x 1,500m?® digesters and a 999kW co-generation unit or
equivalent biogas scrubber. Anticipated biogas production is 405m?hour.
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49.0 FARM F REQUIRED TARIFFS
49.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding

Obti : . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.266 83% $26.50 40%
2: 49% $0.260 80% $24.40 35%

49.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.266/kWh or $26.50/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 83% funding if it produces
electricity for sale to the SOP or 40% if it produces biomethane for sale to FortisBC. Given the
low likelihood of these tariffs or this amount of funding being available in the foreseeable future,
this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.260/kWh or $24.40/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 80% funding if it produces electricity for
sale to the SOP or 35% if it produces biomethane for sale to FortisBC. As such, there is a low
probability that this option will be economically viable for biomethane production. However, this
will depend upon interconnection costs, FortisBC’s ability to accept the biomethane into their
grid, and the ability to generate economic value from co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.03/kWh — $0.07/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
F’s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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50.0 FARM F CONCLUSION

While installation of an AD system at Farm F is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities.

Option 2 is potentially economically viable for Farm F based on the information provided and
used in this study and if favourable feedstocks are available and higher energy tariffs become
available in the future.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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51.0 FARM F PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM F

Electricity Production Opt;\?gnl—';\ss% Opti;r;j_;;?so% ffl)r?ctili(;g :Lme\;\(le/r ffl)r?ctiliig inc\;\;/r
SOP SOP

Components Qty Qty Qty Qty
Digester (No, size m3) 2 1,500 2 1,500 2 1,500 2 1,500
Dairy Manure (m3/yr) 37,850 37,850 37,850 37,850
Source Separated Organics (SSO) (m3/yr) 6,300 7,500 6,300 7,500
Fats, Oils and Grease (FOG) (m3/yr) 6,300 7,500 6,300 7,500
Total Feedstock Volume (m3/yr) 50,450 52,850 50,450 52,850
Engine operating time (hr/day) 21.9 21.9 21.9 21.9
Engine Size kW 880 999 880 999
Electricity Production (kWh/yr) 6,937,920 7,876,116 6,937,920 7,876,116
Electricity Production (kWh/day) 19,272 21,878 19,272 21,878
Budget Estimates
Anaerobic Digester $1,026,000 $1,026,000 $1,026,000 $1,026,000
Co-Gen Plant (hon-containerized) $968,000 $1,098,900 $968,000 $1,098,900
Powerhouse & Plumbing $274,000 $411,000 $274,000 $411,000
Off-Farm Reception $300,000 $300,000 $300,000 $300,000
High Voltage Connection (BC Hydro) $2,000,000 $2,000,000 $2,000,000 $2,000,000
High Voltage Connection (non-BC Hydro) $220,000 $330,000 $220,000 $330,000
Low Voltage Electrical Distribution $340,000 $510,000 $340,000 $510,000
System Controls and Automation (inc. hydraulics) $156,000 $234,000 $156,000 $234,000
Project Development (7%) 7%  $369,880 $413,693 $369,880 $413,693
Engineering & Project Management (10%) 10%  $528,400 $590,990 $528,400 $590,990
Risk Management (20%) 20% $1,236,456 $1,382,917 $1,236,456 $1,382,917
Total Capital Expenditure $7,418,736 $8,297,500 $7,418,736 $8,297,500
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.266 $1,845,487| 0.260 $2,047,790/0.100 $693,792|0.100 $787,612
Tipping Fees (SSO) $30 $189,000 $225,000 $189,000 $225,000
Tipping Fees (FOG) $15 $94,500 $112,500 $94,500 $112,500
Total Revenue $2,128,987 $2,385,290 $977,292 $1,125,112
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $138,758 $157,522 $138,758 $157,522
Digester Maintenance (0.5 Cents/kWh) 0.005 $34,690 $39,381 $34,690 $39,381
Labour for System Operation (h/day; $50/h, 1hr/100kW) 9 $160,600 10 $182,318 9 $160,600 10 $182,318
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $29,139 $33,080 $29,139 $33,080
Reinvestments 1% $74,187 $82,975 $74,187 $82,975
Total Operating Cost $437,375 $495,275 $437,375 $495,275
Net Operational Income $1,691,612 $1,890,015 $539,917 $629,837
FHnancing
Total Investment $7,418,736 $8,297,500 $7,418,736 $8,297,500
Grant(s) $0 $0| 83% $6,157,551| 80% $6,638,000
Loan 100% $7,418,736|100% $8,297,500( 17% $1,261,185| 20% $1,659,500
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0% 10.0% 5.0% 4.9%)
Average Income Before Tax $740,478 $826,229 $372,201 $409,303
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52.0 FARM F PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM F

) . Option 1 -25% Non- Option 2 - <30% Option 1 - Option 2 -

Biogas Upgrading Ag Non-Ag w/funding w/funding
Components Qy Qty Qy Qty
Digester (No, size m3) 2 1,500 2 1,500 2 1,500 2 1,500
Dairy Manure (m3/yr) 37,850 37,850 37,850 37,850
Source Separated Organics (SSO) (m3/yr) 6,300 7,500 6,300 7,500
Fats, Oils and Grease (FOG) (m3/yr) 6,300 7,500 6,300 7,500
Total Feedstock Volume (m3/yr) 50,450 52,850 50,450 52,850
Biogas Production (m3/hr) 356 405 356 405
Biogas Production (m3/yr) 3,118,560 3,547,800 3,118,560 3,547,800
Energy Production (GJ/hr) 7.476 8.505 7.476 8.505
Energy Production (GJ/yr) 65,490 74,504 65,490 74,504
Budget Estimates
Anaerobic Digester $1,026,000 $1,026,000 $1,026,000 $1,026,000
Biogas Upgrading System $1,500,000 $1,500,000 $1,500,000 $1,500,000
Off-Farm Reception $300,000 $300,000 $300,000 $300,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
FortisBC Interconnection $2,000,000 $2,000,000 $2,000,000 $2,000,000
Low Voltage Electrical $340,000 $510,000 $340,000 $510,000
System Controls and Automation (inc. hydraulics) $156,000 $234,000 $156,000 $234,000
Project Development (7%) 7%  $376,040 $393,400 $376,040 $393,400
Engineering & Project Management (10%) 10%  $537,200 $562,000 $537,200 $562,000
Risk Management (20%) 20% $1,257,048 $1,315,080 $1,257,048 $1,315,080
Total Capital Expenditure $7,542,288 $7,890,480 $7,542,288 $7,890,480
Revenue
Sale of Biogas ($/GJ) 26.50 $1,735,479|24.40 $1,817,893(15.28 $1,000,684(15.28 $1,138,418
Tipping Fees (SSO) $30  $189,000 $225,000 $189,000 $225,000
Tipping Fees (FOG) $15 $94,500 $112,500 $94,500 $112,500
Total Revenue $2,018,979 $2,155,393 $1,284,184 $1,475,918
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $31,186 $35,478| $0.01 $31,186 $35,478
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 7 $90,958 8  $103,478 7 $90,958 8  $103,478
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh) % $26,196 $29,802 $26,196 $29,802
Upgrading System Electricity Consumption $55,000 $88,000 $55,000 $88,000
Reinvestments 1% $75,423 $78,905 $75,423 $78,905
Total Operating Cost $302,362 $359,262 $302,362 $359,262
Net Operational Income $1,716,616 $1,796,131 $981,821 $1,116,656
Financing
Total Investment $7,542,288 $7,890,480 $7,542,288 $7,890,480
Grant(s) $0 $0( 40% $3,016,915( 35% $2,761,668
Loan 100% $7,542,288(100% $7,890,480( 60% $4,525,373| 60% $5,128,812
Equity 0% $0| 0% $0| 0% $0| 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0%) 10.0% 4.9% 5.3%
Average Income Before Tax $756,220 $789,636 $366,821 $419,656
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53.0 FARM G EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm G” in Dawson
Creek. The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study,
herein known as The Study, and should be referenced as such. The proposed AD system on
Farm G would process combination of livestock manure and non-agricultural feedstocks to
produce renewable energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm G would be economically viable
with 49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.324/kWh;

e Electricity tariff of $0.10/kWh and funding of 92.5% ($2,171,426); or
e Biomethane tariff of $44.20/GJ;

e Biomethane tariff of $15.28/GJ and funding of 85% ($2,593,258).

If Farm G were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions:

e Electricity tariff of $0.544/kWh;
e Electricity tariff of $0.10/kWh and funding of 100% ($1,592,838); or
e Biomethane tariff of $97.00/GJ;
e Biomethane tariff of $15.28/GJ and funding of 100% ($2,595,996).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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54.0 FARM G PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

Farm G has expressed an interest in developing a “bio-energy cluster”. As such, the AD system
would be part of this cluster and would support educational initiatives and serve as a
demonstration system for the region. As a result, Farm G has expressed separate motives in
provision of educational services to students and the local agriculture.

54.1 Site Description

Farm G is an academic institution in Dawson Creek, B.C. that operates an agricultural facility
housing approximately 100 beef cattle. Within a kilometre of the farm location, there is a cattle
auction house with an unknown quantity of livestock manure production, as well as a horse-
showing complex in which there are 130 horses housed on-site at any given time. Manure from
these operations has been included in considerations for the development of this AD system.

Farm G has also identified a local abattoir within a kilometre of the farm. This abattoir could
supply viscera and washwater, if deemed favourable and feasible. Quantities are unknown at
this time. Furthermore, management at Farm G has expressed interest in using purpose-grown
energy crops in the AD system. However, because the economics of energy crops are not
favourable in B.C. or Canada, and because energy crops require significant dilution to
anaerobically digest them in completely-mixed systems, this feedstock was not included in
system options discussed in this study.

54.2 Project-Specific Considerations

54.2.1 Electrical Interconnection

Farm G has three-phase service on site. According to preliminary estimates, there is availability
for up to 999kW at Farm G, and interconnection costs have been estimated at $375,000 —
$450,000.

54.2.2 Natural Gas Interconnection
Farm G has natural gas available on-site. Interconnection costs have been estimated at
$250,000-$350,000. FortisBC can accept all of the biomethane from this system into their grid.

54.2.3 Availability of Feedstocks
Based on information provided by Farm G, the following feedstocks have been identified as
currently available:

¢ Beef Cattle Manure:

o Available from 100 head of beef as well as additional available from local cattle
auction house.

e Horse Manure:
o 130 horses in nearby stables.
e Process Water and Viscera:
o Available from local abattoir.
e Hog Manure or other on-farm feedstock @ less than 5% TS:

o Need to source an existing on-farm feedstock to achieve the necessary dilution
for AD.
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To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

e Fats Oils and Greases (FOQG):
o Considered a high-energy non-agricultural feedstock;

o To stay within the normal operating parameters of the AD system, this FOG must
contain <15% TS; and

o Sourced from food processing facilities.
e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock;

o To stay within the normal operating parameters of the AD system, this must be
<15% TS when mixed with agricultural sources; and

o Consisting of organic compostable material such as spoiled produce and plate
scrapings.

The City of Dawson Creek has indicated that it wishes to divert all organic waste from its local
landfill within the coming years. This policy would likely facilitate an increased availability of
organic feedstocks for the proposed AD system.

If Farm G cannot source a low TS agricultural feedstock, than low-TS, non-agricultural feedstock
would be required. This would result in the AD system’s regulatory capacity for non-agricultural
waste being used to satisfy the operational requirements of the system, as opposed to
maximizing energy output and economic viability.

54.3 Co-Products
AD systems enable the production of a number of beneficial co-products. The following section
discusses Farm G’s co-product opportunities.

54.3.1 Thermal Energy

Thermal energy could be available for use at Farm G through the integration of a co-generation
unit or biogas boiler. While the current farm operation does not have any significant heat loads,
minor heating requirements could be met, and there are plans to build greenhouses if an
affordable source of heat is available.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm G could range from
350,000btu — 1,000,000btu using a co-generation unit, or 450,000btu — 2,500,000btu using high-
efficiency, direct combustion.

54.3.2 Livestock Bedding

Digestate material from the AD system would be a suitable replacement for livestock bedding if
properly managed after the digestion process. Depending on the separation technology selected
and desired moisture content, livestock bedding production post-AD typically involves a solid
separator and optional drying.

54.3.3 Tipping Fees

Farm G has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.
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54.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

I.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.
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55.0
55.1

FARM G PROJECT OPTIONS
Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Total manure 10m® 74 m? 3,850 m*®
FOG 1.5m?3 12 m3 640 m3
SSO 1.5m? 12 m? 640 m*
TOTAL 13 m° 98 m’ 5,130 m®
Minimal required digester volume: 500 m®

No of digesters: 1

Biogas production: 864 m*/day

Organic loading rate: 3.1 kg VS/day

HRT: 27 days

CHP unit: 90 kW

Upgrading unit capacity: 150 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstock. The proposed
AD system includes a 500m?® digester and a 90kW co-generation unit or equivalent biogas
scrubber. Anticipated biogas production is 36m*/hour.

55.2

Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Total manure 10m® 74 m® 3,850 m®
FOG 5m3 37m3 1,925 m3
SSO 5m?’ 37m’ 1,925 m*
TOTAL 20 m® 148 m® 7,700 m®
Minimal required digester volume: 750 m®

No of digesters: 1

Biogas production: 2,112 m®/day

Organic loading rate: 3.4 kg VS/day

HRT: 28 days

CHP unit: 220 kW

Upgrading unit capacity: 150 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes a 750m?® digester and a 220kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 88m*/hour.
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56.0 FARM G REQUIRED TARIFFS
56.1 Energy Tariff and Funding Requirement

Electricity % Funding Biomethane % Funding

Obti : . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.544 100% $97.00 100%
2: 49% $0.324 92.5% $44.20 85%

56.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.544/kWh or $97.00/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 100% funding if it
produces electricity for sale to the SOP or 100% if it produces biomethane for sale to FortisBC.
Given the low likelihood of these tariffs or this amount of funding being available in the
foreseeable future, this option is not considered economically viable.

Option 2: Despite the higher energy output proportionate to the capital input, this AD system
would still require high energy tariffs of $0.324/kWh or $44.20/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 92.5% funding if it produces electricity
for sale to the SOP or 85% if it produces biomethane for sale to FortisBC. Given the low
likelihood of these tariffs or this amount of funding being available in the foreseeable future, this
option is also not considered economically viable.
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57.0 FARM G CONCLUSION

While installation of an AD system at Farm G is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities and characteristics.
Furthermore, addition of a significant quantity of low TS feedstock is also vital to enable the AD
system to operate.

Based on the information provided and used in this study, none of the AD system options are
considered economically viable for Farm G. However, because Farm G is part of an academic
institution, the desire to support educational initiatives and serve as a demonstration system for
the region may mean that the AD system is built, regardless of economic viability.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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58.0 FARM G PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM G

Electricity Production Option 1 - 25% Option 2 - 49% Option 1 - w/grant | Option 2 - w/grant
Non-Ag Non-Ag money under SOP |money under SOP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 500 1 750 1 500 1 750
Horse, Dairy & Beef Manure @ 30% TS (m3/yr) 1,500 1,500 1,500 1,500
Hog Manure or other on-farm @ 5% TS (m3/yr) 2,350 2,350 2,350 2,350
Source Separated Organics <15% TS (SSO) (m3/yr) 640 1,925 640 1,925
Fats, Oils and Grease <15% TS (FOG) (m3/yr) 640 1,925 640 1,925
Total Feedstock Volume (m3/yr) 5,130 7,700 5,130 7,700
Engine operating time (hr/day) 21.9 21.9 21.9 21.9
Engine Size kW 90 220 90 220
Electricity Production (kWh/yr) 709,560 1,734,480 709,560 1,734,480
Electricity Production (kwh/day) 1,971 4,818 1,971 4,818
Budget Estimates
Anaerobic Digester $300,000 $400,000 $300,000 $400,000
Co-Gen Plant (non-containerized) $162,000 $352,000 $162,000 $352,000
Off-Farm Reception $125,000 $125,000 $125,000 $125,000
Powerhouse & Plumbing $68,500 $137,000 $68,500 $137,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $55,000 $110,000 $55,000 $110,000
Low Voltage Electrical Distribution $85,000 $170,000 $85,000 $170,000
System Controls and Automation (inc. hydraulics) $39,000 $78,000 $39,000 $78,000
Project Development (7%) 7% $79,415 $117,040 $79,415 $117,040
Engineering & Project Management (10%) 10% $113,450 $167,200 $113,450 $167,200
Risk Management (20%) 20% $265,473 $391,248 $265,473 $391,248
Total Capital Expenditure $1,592,838 $2,347,488 $1,592,838 $2,347,488
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.544 $386,001( 0.324 $561,972| 0.100 $70,956( 0.100 $173,448
Tipping Fees (SSO) $30  $19,200 $57,750 $19,200 $57,750
Tipping Fees (FOG) $15 $9,600 $28,875 $9,600 $28,875
Total Revenue $414,801 $648,597 $99,756 $260,073
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $14,191 $34,690 $14,191 $34,690
Digester Maintenance (0.5 Cents/kWh) 0.005 $3,548 $8,672 $3,548 $8,672
Labour for System Operation (h/day; $50/h, 1hr/100kW) 1 $16,425 2 $40,150 1 $16,425 2 $40,150
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $2,980 $7,285 $2,980 $7,285
Reinvestments 1% $15,928 $23,475 $15,928 $23,475
Total Operating Cost $53,073 $114,272 $53,073 $114,272
Net Operational Income $361,728 $534,325 $46,683 $145,801
Financing
Total Investment $1,592,838 $2,347,488 $1,592,838 $2,347,488
Grant(s) $0 $0( 100% $1,592,838|92.5% $2,171,426
Loan 100% $1,592,838| 100% $2,347,488 0% $0[ 7.5% $176,062
Equity 0% $0| 0% $0 0% $0| 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before tax 10.0%) 10.0%) 2.9%) 5.2%
Average Income Before Tax $159,460 $234,451 $46,254 $122,970
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59.0 FARM G PROJECT BUDGET — BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM G

Biogas Upgrading Option 1 - 25% Option 2 - 49% Option 1 - Option 2 -
Non-Ag Non-Ag w/funding w/funding

Components Qty Qty Qty Qty
Digester (No, size m3) 1 500 1 750 1 500 1 750
Horse, Dairy & Beef Manure @ 30% TS (m3/yr) 1,500 1,500 1,500 1,500
Hog Manure or other on-farm @ 5% TS (m3/yr) 2,350 2,350 2,350 2,350
Source Separated Organics <15% TS (SSO) (m3/yr) 640 1,925 640 1,925
Fats, Oils and Grease <15% TS (FOG) (m3/yr) 640 1,925 640 1,925
Total Feedstock Volume (m3/yr) 5,130 7,700 5,130 7,700
Biogas Production (m3/hr) 36 88 36 88
Biogas Production (m3/yr) 315,360 770,880 315,360 770,880
Energy Production (GJ/hr) 0.756 1.848 0.756 1.848
Energy Production (GJ/yr) 6,623 16,188 6,623 16,188
Budget Estimates
Anaerobic Digester $300,000 $400,000 $300,000 $400,000
Biogas Upgrading System $1,000,000 $1,000,000 $1,000,000 $1,000,000
Off-Farm Reception $125,000 $125,000 $125,000 $125,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $85,000 $170,000 $85,000 $170,000
System Controls and Automation (inc. hydraulics) $39,000 $78,000 $39,000 $78,000
Project Development (7%) 7% $129,430 $152,110 $129,430 $152,110
Engineering & Project Management (10%) 10% $184,900 $217,300 $184,900 $217,300
Risk Management (20%) 20% $432,666 $508,482 $432,666 $508,482
Total Capital Expenditure $2,595,996 $3,050,892 $2,595,996 $3,050,892
Revenue
Sale of Biogas ($/GJ) 97.00 $642,388|44.20 $715,531| 15.28 $101,193|15.28 $247,360
Tipping Fees (SSO) $30 $19,200 $57,750 $19,200 $57,750
Tipping Fees (FOG) $15 $9,600 $28,875 $9,600 $28,875
Total Revenue $671,188 $802,156 $129,993 $333,985
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $3,154 $7,709] $0.01 $3,154 $7,709
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 1 $9,198 2 $22,484 1 $9,198 2 $22,484
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh) 7% $2,649 $6,475 7% $2,649 $6,475
Upgrading System Electricity Consumption $18,000 $18,000 $18,000 $18,000
Reinvestments 1% $25,960 $30,509 1% $25,960 $30,509
Total Operating Cost $82,561 $108,777 $82,561 $108,777
Net Operational Income $588,628 $693,379 $47,432 $225,208
Financing
Total Investment $2,595,996 $3,050,892 $2,595,996 $3,050,892
Grant(s) $0 $0| 100% $2,595,996( 85% $2,593,258
Loan 100% $2,595,996/100% $3,050,892 0% $0| 15% $457,634
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0%) 10.0% 1.8%) 5.3%
Average Income Before Tax $258,810 $305,625 $47,432 $163,008
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60.0 FARM H EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm H” in North
Saanich. The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark
Study, herein known as The Study, and should be referenced as such. The proposed AD system
on Farm H would process dairy manure and non-agricultural feedstocks to produce renewable
energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm H would be economically viable
with 49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.202/kWh;

e Electricity tariff of $0.10/kWh and funding of 60% ($2,048,296); or

e Biomethane tariff of $20.90/GJ;

e Biomethane tariff of $15.28 will produce 6.7% ROI without funding.

If Farm H were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.360/kWh;

e Electricity tariff of $0.10/kWh and funding of 100% ($2,430,324); or
e Biomethane tariff of $46.40/GJ;

e Biomethane tariff of $15.28/GJ and funding of 90% ($2,714,213).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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61.0 FARM H PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

61.1 Site Description

Farm H is a dairy operation in North Saanich, B.C. that milks 210 cows. With the inclusion of
young stock and dry cows, total herd size is approximately 480 cows. All barns use alley
scrapers to collect the manure, which is piped to a final storage lagoon via an intermediary
covered storage tank. Manure collection is done by automated alley scrapers.

61.2 Project-Specific Considerations

61.2.1 Electrical Interconnection
Farm H has three-phase service on-site. Interconnection costs have been estimated at
$500,000.

61.2.2 Natural Gas Interconnection

Farm H does not have natural available on-site. FortisBC estimates that the closest natural gas
line is less than 250m away. Interconnection costs have been estimated at $250,000 —
$350,000.

61.2.3 Availability of Feedstocks
Based on information provided by Farm H, the following feedstocks have been identified as
currently available:

e Dairy Manure:
o Available from 210 milkers and 270 young stock mixed with dry cows.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

e Fats Oils and Greases (FOG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.

61.3 Co-Products
AD systems enable the production of a number of beneficial co-products. The following section
discusses Farm H’s co-product opportunities.

61.3.1 Thermal Energy

Thermal energy could be available for use at Farm H through the integration of a co-generation
unit or biogas boiler. Approximately 500 metres north of Farm H is a greenhouse operation that
is presumed to have high heat loads. As such, thermal energy produced by the AD system could
be used by the greenhouse operation.

The use of raw biogas at the greenhouse operation could also be an option. However, as this
would directly offset low-cost natural gas, it is unlikely that the economics of this option would be
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favourable. Furthermore, management of condensation formed in biogas transfer pipes could
pose technical challenges and/or additional capital costs.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm H could range from
350,000btu — 1,200,000btu using a co-generation unit, or 750,000btu — 3,500,000btu using high-
efficiency, direct combustion.

61.3.2 Livestock Bedding

Farm H spends approximately $60,000/year on sawdust for livestock bedding. Digestate
material from the AD system would be a suitable replacement for livestock bedding if properly
managed after the digestion process. Depending on the separation technology selected and
desired moisture content, livestock bedding production post-AD typically involves a solid
separator and optional drying.

61.3.3 Tipping Fees

Farm H has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

61.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.

Farm H spends approximately $25,000 - $30,000/year on urea.
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62.0 FARM H PROJECT OPTIONS
62.1 Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 25 m® 173 m° 9,000 m®
FOG 4m’ 29 m® 1,500 m®
SSO 4m’ 29 m’® 1,500 m*
TOTAL 33m® 231 m® 12,000 m®
Minimal required digester volume: 1,000 m®

No of digesters: 1

Biogas production: 2,040 m*/day

Organic loading rate: 3.5kgVS/day

HRT: 28 days

CHP unit: 210 kW

Upgrading unit capacity 150 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes a 1,000m? digester and a 210kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 85m*/hour.

62.2 Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 25 m?® 173 m°® 9,000 m®
FOG 12 m® 86 m® 4,500 m*
SSO 12 m? 86 m’ 4,500 m*
TOTAL 49 m® 345 m® 18,000 m®
Minimal required digester volume: 1,500 m®

No of digesters: 1

Biogas production: 4,944 m*/day

Organic loading rate: 3.2kgVS/day

HRT: 29 days

CHP unit: 520 kW

Upgrading unit capacity 300 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes a 1,500m? digester and a 520kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 220m*/hour.
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63.0 FARM H REQUIRED TARIFFS
63.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding

Obti , . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.360 100% $46.40 90%
2: 49% $0.202 60% $20.90 0%*

Note*: 0% indicates the AD system is able to make greater than 5% ROI using $15.28/GJ

63.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.360/kWh or $46.40/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 100% funding if it
produces electricity for sale to the SOP or 90% if it produces biomethane for sale to FortisBC.
Given the low likelihood of these tariffs or this amount of funding being available in the
foreseeable future, this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.202/kWh or $20.90/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 60% funding if it produces electricity for
sale to the SOP. As such, there is a high probability that this option will be economically viable
for biomethane production. However, this will depend upon interconnection costs, FortisBC’s
ability to accept the biomethane into their grid, and the ability to generate economic value from
co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.04/kWh — $0.09/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
H’s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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64.0 FARM H CONCLUSION

While installation of an AD system at Farm H is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities.

Option 2, biomethane production, is considered economically viable for Farm H based on the
information provided and used in this study. Option 2, electricity production, may also be
economically viable for Farm H if a slightly higher electricity tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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65.0 FARM H PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM H

Electricity Production Option 1 - 25% Option 2 - 49% Option 1 - w/grant Op;z::y_z\r’ﬁ;?m
Non-Ag Non-Ag money under SOP SopP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,000 1 1,500 1 1,000 1 1,500
Dairy Manure (m3/yr) 9,000 9,000 9,000 9,000
Source Separated Organics (SSO) (m3/yr) 1,500 4,500 1,500 4,500
Fats, Oils and Grease (FOG) (m3/yr) 1,500 4,500 1,500 4,500
Total Feedstock Volume (m3/yr) 12,000 18,000 12,000 18,000
Engine operating time (hr/day) 21.9 21.9 219 21.9
Engine Size kW 210 520 210 520
Electricity Production (kWh/yr) 1,655,640 4,099,680 1,655,640 4,099,680
Electricity Production (kWh/day) 4,599 11,388 4,599 11,388
Budget Estimates
Anaerobic Digester $475,000 $513,000 $475,000 $513,000
Co-Gen Plant (non-containerized) $336,000 $676,000 $336,000 $676,000
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
Powerhouse & Plumbing $137,000 $205,500 $137,000 $205,500
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $110,000 $165,000 $110,000 $165,000
Low Voltage Electrical Distribution $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $121,170 $170,205 $121,170 $170,205
Engineering & Project Management (10%) 10% $173,100 $243,150 $173,100 $243,150
Risk Management (20%) 20% $405,054 $568,971 $405,054 $568,971
Total Capital Expenditure $2,430,324 $3,413,826 $2,430,324 $3,413,826
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.360 $596,030( 0.202 $828,135( 0.100 $165,564|0.100 $409,968
Tipping Fees (SSO) $30  $45,000 $135,000 $45,000 $135,000
Tipping Fees (FOG) $15  $22,500 $67,500 $22,500 $67,500
Total Revenue $663,530 $1,030,635 $233,064 $612,468
Operating Cost
CHP Maintenance (2 Cents/kwWh) 0.020 $33,113 $81,994 $33,113 $81,994
Digester Maintenance (0.5 Cents/kWh) 0.005 $8,278 $20,498 $8,278 $20,498
Labour for System Operation (h/day; $50/h, 1hr/100kW) 2 $38,325 5 $94,900 2 $38,325 5 $94,900
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $6,954 $17,219 $6,954 $17,219
Reinvestments 1% $24,303 $34,138 $24,303 $34,138
Total Operating Cost $110,973 $248,749 $110,973 $248,749
Net Operational Income $552,557 $781,886 $122,091 $363,719
Financing
Total Investment $2,430,324 $3,413,826 $2,430,324 $3,413,826
Grant(s) $0 $0( 100% $2,430,324| 60% $2,048,296
Loan 100% $2,430,324| 100% $3,413,826 0% $0| 40% $1,365,530
Equity 0% $0 0% $0 0% $0( 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.0% 5.0% 5.4%
Average Income Before Tax $242,487 $341,899 $122,324 $182,904
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66.0 FARM H PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM H

) . Option 1 - 25% Non-| Option 2 - 49% Option 1 - Option 2 -

Biogas Upgrading Ag Non-Ag w/funding w/funding
Components Qty Qty Qty Qy
Digester (No, size m3) 1 1,000 1 1,500 1 1,000 1 1,500
Dairy Manure (m3/yr) 9,000 9,000 9,000 9,000
Source Separated Organics (SSO) (m3/yr) 1,500 4,500 1,500 4,500
Fats, Oils and Grease (FOG) (m3/yr) 1,500 4,500 1,500 4,500
Total Feedstock Volume (m3/yr) 12,000 18,000 12,000 18,000
Biogas Production (m3/hr) 85 220 85 220
Biogas Production (m3/yr) 744,600 1,927,200 744,600 1,927,200
Energy Production (GJ/hr) 1.785 4.620 1.785 4.620
Energy Production (GJ/yr) 15,637 40,471 15,637 40,471
Budget Estimates
Anaerobic Digester $475,000 $513,000 $475,000 $513,000
Biogas Upgrading System $1,000,000 $1,200,000 $1,000,000 $1,200,000
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $150,360 $187,950 $150,360 $187,950
Engineering & Project Management (10%) 10% $214,800 $268,500 $214,800 $268,500
Risk Management (20%) 20% $502,632 $628,290 $502,632 $628,290
Total Capital Expenditure $3,015,792 $3,769,740 $3,015,792 $3,769,740
Revenue
Sale of Biogas ($/GJ) 46.40 $725,538( 20.90 $845,848| 15.28 $238,927| 15.28 $618,400
Tipping Fees (SSO) $30  $45,000 $135,000 $45,000 $225,000
Tipping Fees (FOG) $15  $22,500 $67,500 $22,500 $112,500
Total Revenue $793,038 $1,048,348 $306,427 $955,900
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $7,446 $19,272 $7,446 $19,272
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 2 $21,718 4 $56,210 2 $21,718 4 $56,210
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh) 7% $6,255 $16,188 $6,255 $16,188
Upgrading System Electricity Consumption $18,000 $37,000 $18,000 $37,000
Reinvestments 1% $30,158 $37,697 $30,158 $37,697
Total Operating Cost $107,176 $189,968 $107,176 $189,968
Net Operational Income $685,862 $858,380 $199,251 $765,932
Financing
Total Investment $3,015,792 $3,769,740 $3,015,792 $3,769,740
Grant(s) $0 $0 90% $2,714,213 0% $0
Loan 100% $3,015,792|100% $3,769,740 10% $301,579(100% $3,769,740
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0%) 10.0%) 5.2% 6.7%)
Average Income Before Tax $302,339 $376,795 $158,251 $253,932
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67.0 FARM | EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm I” in Deroche.
The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm |
would process dairy manure and non-agricultural feedstocks to produce renewable energy and
other beneficial co-products.

This study concludes that the proposed AD system on Farm | would be economically viable with
49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.161/kWh;

e Electricity tariff of $0.10/kWh and funding of 35% ($1,757,246); or

e Biomethane tariff of $17.20/GJ;

¢ Biomethane tariff of $15.28/GJ will produce 6.8% ROI without funding.

If Farm | were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.244/kWh;

e Electricity tariff of $0.10/kWh and funding of 80% ($2,394,662); or

e Biomethane tariff of $34.80/GJ;

e Biomethane tariff of $15.28/GJ and funding of 70% ($2,910,071).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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68.0 FARM | PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

68.1 Site Description

Farm | is a dairy operation in Deroche, B.C. that milks 400 cows. Adjacent to Farm | is a dairy
farm that milks 100 certified organic cows. Because the cows at this neighbouring farm are
pastured for approximately 6 month of the year, manure quantities used in this study account for
the fact that this manure is only available 6 months a year. Manure collection is by automated
alley scraper and would be pumped to the AD site from the neighbouring farm as needed.

68.2 Project-Specific Considerations

68.2.1 Electrical Interconnection

Farm | has a three-phase service on-site. According to preliminary estimates, there is availability
for up to 500kW at Farm |, and Interconnection costs have been estimated at $500,000. For the
purposes of this study a standard AD model has been used. If a project is to move forward with
electrical generation BC Hydro will have to agree to take all the produced energy.

68.2.2 Natural Gas Interconnection

Neither Farm | nor the neighbouring farm have natural gas available on-site. Furthermore, it is
understood to be an extremely long distance away. Despite interconnection being unavailable
for this site, this study includes biomethane production for the purposes of informing the B.C.
Anaerobic Digestion Benchmark Study. Interconnection costs have been generously estimated
at $750,000.

68.2.3 Availability of Feedstocks
Based on information provided by Farm |, the following feedstocks have been identified as
currently available:

e Dairy Manure:

o 400 milkers on-site and neighbours 100 milkers (of which half the manure can be
collected and used in the AD system).

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

¢ Fats Oils and Greases (FOG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.
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68.3 Co-Products
AD systems enable the production of a number of beneficial co-products. The following section
discusses Farm I's co-product opportunities.

68.3.1 Thermal Energy

Thermal energy could be available for use at Farm | through the integration of a co-generation
unit or biogas boiler. Farm I's neighbour, who operates a greenhouse with a high heat load, has
expressed interest in expanding the greenhouse operation to maximize use of thermal energy.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm | could range from 500,000btu
— 2,000,000btu using a co-generation unit, or 1,000,000btu — 6,000,000btu using high-efficiency,
direct combustion.

68.3.2 Livestock Bedding

Farm | and its neighbour spend approximately $90,000/year on sawdust for livestock bedding.
Digestate material from the AD system would be a suitable replacement for livestock bedding if
properly managed after the digestion process. Depending on the separation technology selected
and desired moisture content, livestock bedding production post-AD typically involves a solid
separator and optional drying.

68.3.3 Tipping Fees

Farm | has the ability to generate tipping fees by accepting non-agricultural feedstocks. The fees
will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

68.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.
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69.0 FARM | PROJECT OPTIONS
69.1 Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 47 m° 327 m° 17,000 m*
FOG 8m’ 54 m® 2,800 m°
SSO 8 m’ 54 m?® 2,800 m®
TOTAL 63 m*® 435 m® 22,600 m*
Minimal required digester volume: 1,500 m®

No of digesters: 1

Biogas production: 3,696 m*/day

Organic loading rate: 3.3kgVS/day

HRT: 28 days

CHP unit: 390 kW

Upgrading unit capacity 300 m3/hr

Option 1 utilizes a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes a 1,500m? digester and a 390kW co-generation unit or equivalent

biogas scrubber. Anticipated biogas production is 154m*/hour.

69.2 Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 47 m? 327 m? 17,000 m*®
FOG 23 m® 163 m® 8,500 m*
SSO 23 m’ 163 m® 8,500 m®
TOTAL 93 m® 653 m® 34,000 m*
Minimal required digester volume: 1,500 m®

No of digesters: 2

Biogas production: 9,630 m®/day

Organic loading rate: 3.6kgVS/day

HRT: 24 days

CHP unit: 960 kW

Upgrading unit capacity 800 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed system includes 2 x 1,500m? digesters and a 960kW co-generation unit or equivalent

biogas scrubber. Anticipated biogas production is 390m*/hour.
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70.0 FARM | REQUIRED TARIFFS
70.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding

Obti : . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.244 80% $34.80 70%
2: 49% $0.161 35% $17.20 0%*

Note*: 0% indicates the AD system is able to make greater than 5% ROI using $15.28/GJ

70.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.244/kWh or $34.80/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 80% funding if it produces
electricity for sale to the SOP or 70% if it produces biomethane for sale to FortisBC. Given the
low likelihood of these tariffs or this amount of funding being available in the foreseeable future,
this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.161/kWh or $17.20/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 35% funding if it produces electricity for
sale to the SOP. As such, there is a high probability that this option will be economically viable
for biomethane production. However, this will depend upon interconnection costs, FortisBC’s
ability to accept the biomethane into their grid, and the ability to generate economic value from
co-products. For this site the interconnection is severely lacking and would need a major
commitment from FortisBC to upgrade and interconnect the AD system.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.02/kwWh — $0.05/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
I’'s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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71.0 FARM I CONCLUSION

While installation of an AD system at Farm | is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities.

Option 2, biomethane production, may be economically viable for Farm | based on the
information provided and used in this study. Option 2, electricity production, may also be
economically viable for Farm | if a slightly higher electricity tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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72.0 FARM | PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM |

Electricity Production Option 1 - 25% Option 2 - 49% Option 1 - w/grant Op;z::y_z\r’ﬁ;?m
Non-Ag Non-Ag money under SOP SopP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,500 2 1,500 1 1,500 2 1,500
Dairy Manure (m3/yr) 17,000 17,000 17,000 17,000
Source Separated Organics (SSO) (m3/yr) 2,800 8,500 2,800 8,500
Fats, Oils and Grease (FOG) (m3/yr) 2,800 8,500 2,800 8,500
Total Feedstock Volume (m3/yr) 22,600 34,000 22,600 34,000
Engine operating time (hr/day) 21.9 21.9 219 21.9
Engine Size kW 390 960 390 960
Electricity Production (kWh/yr) 3,074,760 7,568,640 3,074,760 7,568,640
Electricity Production (kWh/day) 8,541 21,024 8,541 21,024
Budget Estimates
Anaerobic Digester $513,000 $1,026,000 $513,000 $1,026,000
Co-Gen Plant (non-containerized) $624,000 $960,000 $624,000 $960,000
Powerhouse & Plumbing $137,000 $274,000 $137,000 $274,000
Off-Farm Reception $200,000 $300,000 $200,000 $300,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $110,000 $220,000 $110,000 $220,000
Low Voltage Electrical Distribution $170,000 $340,000 $170,000 $340,000
System Controls and Automation (inc. hydraulics) $78,000 $156,000 $78,000 $156,000
Project Development (7%) 7%  $149,240 $250,320 $149,240 $250,320
Engineering & Project Management (10%) 10% $213,200 $357,600 $213,200 $357,600
Risk Management (20%) 20% $498,888 $836,784 $498,888 $836,784
Total Capital Expenditure $2,993,328 $5,020,704 $2,993,328 $5,020,704
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.244 $750,241| 0.161 $1,218,551| 0.100 $307,476[0.100 $756,864
Tipping Fees (SSO) $30  $84,000 $255,000 $84,000 $255,000
Tipping Fees (FOG) $15  $42,000 $127,500 $42,000 $127,500
Total Revenue $876,241 $1,601,051 $433,476 $1,139,364
Operating Cost
CHP Maintenance (2 Cents/kwWh) 0.020 $61,495 $151,373 $61,495 $151,373
Digester Maintenance (0.5 Cents/kWh) 0.005 $15,374 $37,843 $15,374 $37,843
Labour for System Operation (h/day; $50/h, 1hr/100kW) 4 $71,175 10 $175,200 4 $71,175 10 $175,200
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $12,914 $31,788 $12,914 $31,788
Reinvestments 1% $29,933 $50,207 $29,933 $50,207
Total Operating Cost $190,891 $446,411 $190,891 $446,411
Net Operational Income $685,350 $1,154,640 $242,585 $692,953
Financing
Total Investment $2,993,328 $5,020,704 $2,993,328 $5,020,704
Grant(s) $0 $0 80% $2,394,662| 35% $1,757,246
Loan 100% $2,993,328| 100% $5,020,704 20% $598,666| 65% $3,263,458
Equity 0% $0 0% $0 0% $0( 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.0% 5.4% 5.2%
Average Income Before Tax $300,722 $504,246 $162,991 $259,719
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73.0 FARM | PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM |

. . Option 1 -25% Non- [ Option 2 - 49% . . Option 2 -

Biogas Upgrading Ag Non-Ag Option 1 - w/funding wihunding
Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,500 2 1,500 1 1,500 2 1,500
Dairy Manure (m3/y) 17,000 17,000 17,000 17,000
Source Separated Organics (SSO) (m3/yr) 2,800 8,500 2,800 8,500
Fats, Oils and Grease (FOG) (m3/yr) 2,800 8,500 2,800 8,500
Total Feedstock Volume (m3/yr) 22,600 34,000 22,600 34,000
Biogas Production (m3/hr) 154 390 154 390
Biogas Production (m3/yr) 1,349,040 3,416,400 1,349,040 3,416,400
Energy Production (GJ/hr) 3.234 8.190 3.234 8.190
Energy Production (GJ/yr) 28,330 71,744 28,330 71,744
Budget Estimates
Anaerobic Digester $513,000 $1,026,000 $513,000 $1,026,000
Biogas Upgrading System $1,200,000 $1,500,000 $1,200,000 $1,500,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
Off-Farm Reception $200,000 $300,000 $200,000 $300,000
FortisBC Interconnection $750,000 $750,000 $750,000 $750,000
Low Voltage Electrical $170,000 $340,000 $170,000 $340,000
System Controls and Automation (inc. hydraulics) $78,000 $156,000 $78,000 $156,000
Project Development (7%) 7%  $207,270 $288,540 $207,270 $288,540
Engineering & Project Management (10%) 10%  $296,100 $412,200 $296,100 $412,200
Risk Management (20%) 20%  $692,874 $964,548 $692,874 $964,548
Total Capital Expenditure $4,157,244 $5,787,288 $4,157,244 $5,787,288
Revenue
Sale of Biogas ($/GJ) 34.80 $985,878|17.20 $1,234,004| 15.28 $432,880( 15.28 $1,096,254
Tipping Fees (SSO) $30  $84,000 $255,000 $84,000 $255,000
Tipping Fees (FOG) $15 $42,000 $127,500 $42,000 $127,500
Total Revenue $1,111,878 $1,616,504 $558,880 $1,478,754
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $13,490 $34,164 $13,490 $34,164
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 3 $39,347 8 $99,645 3 $39,347 8 $99,645
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh) 7% $11,332 $28,698 $11,332 $28,698
Upgrading System Electricity Consumption $37,000 $55,000 $37,000 $55,000
Reinvestments 1% $41,572 $57,873 $41,572 $57,873
Total Operating Cost $166,342 $298,980 $166,342 $298,980
Net Operational Income $945,537 $1,317,524 $392,538 $1,179,775
Financing
Total Investment $4,157,244 $5,787,288 $4,157,244 $5,787,288
Grant(s) $0 $0 70% $2,910,071 0% $0
Loan 100% $4,157,244(100% $5,787,288 30% $1,247,173(100% $5,787,288
Equity 0% $0 0% $0 0% $0| 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0%| 10.0%| 5.4% 6.8%)
Average Income Before Tax $416,131 $577,346 $223,038 $393,275
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74.0 FARM J EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm J” in Delta. This
system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm J
would process dairy manure, poultry waste and non-agricultural feedstocks to produce
renewable energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm J would be economically viable with
49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.186/kWh;

e Electricity tariff of $0.10/kWh and funding of 45% ($1,595,611); or
e Biomethane tariff of $19.10/GJ;

e Biomethane tariff of $15.28/GJ and funding of 10% ($385,679).

If Farm J were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.328/kWh;

e Electricity tariff of $0.10/kWh and funding of 97.5% ($2,435,273); or

e Biomethane tariff of $40.30/GJ;

e Biomethane tariff of $15.28/GJ and funding of 80% ($2,412,634).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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75.0 FARM J PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

75.1 Site Description

Farm J is a dairy operation in Delta, B.C. that milks 250 cows. With the inclusion of young stock
and dry cows, total herd size is approximately 500 cows. Farm J also receives approximately
750 tonnes/year of poultry waste from a neighbouring broiler operation. Farm J uses a flush
system in their barns with the flush water being separated and reused. This system can be
integrated into an AD facility.

75.2 Project-Specific Considerations

75.2.1 Electrical Interconnection
Farm J has three-phase service on-site. Interconnection costs have been estimated at $375,000
— $500,000.

75.2.2 Natural Gas Interconnection
Farm J has natural gas available on-site. Interconnection costs have been estimated at
$250,000 — $350,000. FortisBC can accept all of the biomethane from this system into their grid.

75.2.3 Availability of Feedstocks
Based on information provided by Farm J, the following feedstocks have been identified as
currently available:

e Dairy Manure:

o 250 milkers and 250 young stock mixed with dry cows.
e Poultry Litter:

o Direct supply available from neighbouring farm.*

*Note that poultry litter is a particularly challenging feedstock as a result of high nitrogen and
total solids content. Operational experience and computer simulation indicates an absolute
minimum poultry to dairy manure ratio of 5:1 is necessary. However, this ratio is highly
dependent on individual feedstock characteristics and should only be used as a rough
estimation.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

¢ Fats Oils and Greases (FOG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.
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75.3 Co-Products
AD systems enable the production of a number of beneficial co-products. The following section
discusses Farm J's co-product opportunities.

75.3.1 Thermal Energy

Thermal energy could be available for use at Farm J through the integration of a co-generation
unit or biogas boiler. The current farm operation has some greenhouses in use and would like to
expand given an affordable heat source.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm J could range from 250,000btu
— 1,000,000btu using a co-generation unit, or 600,000btu — 3,000,000btu using high-efficiency,
direct combustion.

75.3.2 Livestock Bedding

Farm J spends approximately $70,000/year on sawdust for livestock bedding. Digestate material
from the AD system would be a suitable replacement for livestock bedding if properly managed
after the digestion process. Depending on the separation technology selected and desired
moisture content, livestock bedding production post-AD typically involves a solid separator and
optional drying.

Farm J currently has a Biolynk system from Daritech, which is used to manage flush manure.
This system is specifically designed to integrate with an AD system. As a result, the additional
cost and operational consideration normally associated with the use of flush-water in an AD
system should be largely, if not entirely avoided.

75.3.3 Tipping Fees

Farm J has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

75.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.
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76.0 FARM J PROJECT OPTIONS
76.1 Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 26 m* 183 m° 9,500 m®
Poultry Litter 2m? 14 m? 750 m?
FOG 45m’ 31m? 1,600 m®
SSO 45m? 31m’ 1,600 m*
TOTAL 37 m® 259 m® 13,450 m®
Minimal required digester volume: 1,250 m®

No of digesters: 1

Biogas production: 2,352 m¥day

Organic loading rate: 3.5kgVS/day

HRT: 23 days

CHP unit: 240 kW

Upgrading unit capacity: 150 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes a 1,250m? digester and a 240kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 98m*/hour.

76.2 Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 31m? 220 m® 9,500 m®
Poultry litter 2md 14 m® 750 m®
FOG 16 m® 115 m® 6,000 m®
SSO 16 m® 115 m® 6,000 m*
TOTAL 55 m* 464 m® 22,250 m®
Minimal required digester volume: 1,750 m®

No of digesters: 1

Biogas production: 5,664 m*/day

Organic loading rate: 3.6kgVS/day

HRT: 24 days

CHP unit: 590 kW

Upgrading unit capacity 300 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes a 1,750m? digester and a 590kW co-generation unit or equivalent
biogas scrubber. Anticipated biogas production is 236m*/hour.
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77.0 FARM J REQUIRED TARIFFS
77.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding

Obti , . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.328 97.5% $40.30 80%
2: 49% $0.186 45% $19.10 10%

77.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to the capital input, this
AD system would require high energy tariffs of $0.328/kWh or $40.30/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 97.5% funding if it
produces electricity for sale to the SOP or 80% if it produces biomethane for sale to FortisBC.
Given the low likelihood of these tariffs or this amount of funding being available in the
foreseeable future, this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.186/kWh or $19.10/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 45% funding if it produces electricity for
sale to the SOP or 10% if it produces biomethane for sale to FortisBC. As such, there is a high
probability that this option will be economically viable for biomethane production. However, this
will depend upon interconnection costs, FortisBC’s ability to accept the biomethane into their
grid, and the ability to generate economic value from co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.03/kWh — $0.08/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
J’s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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78.0 FARM J CONCLUSION

While installation of an AD system at Farm J is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities and characteristics.
Furthermore, addition of a significant quantity of low nitrogen and low TS feedstock is also vital
to enable Farm J’s AD system to operate effectively.

Option 2, biomethane production, is considered economically viable for Farm J based on the
information provided and used in this study. Option 2, electricity production, may also be
economically viable for Farm J if a slightly higher electricity tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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79.0 FARM J PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary -FARM J

Electricity Production Option 1 - 25% Option 2 - 49% Option 1 - w/grant Op;z:jy-xlgsm
Non-Ag Non-Ag money under SOP SoP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,250 1 1,750 1 1,250 1 1,750
Dairy Manure (m3/yr) 9,500 9,500 9,500 9,500
Poultry Waste (Broiler - m3/yr) 750 750 750 750
Source Separated Organics (SSO) (m3/yr) 1,600 5,000 1,600 5,000
Fats, Oils and Grease (FOG) (m3/yr) 1,600 5,000 1,600 5,000
Total Feedstock Volume (m3/yr) 13,450 20,250 13,450 20,250
Engine operating time (hr/day) 21.9 21.9 21.9 21.9
Engine Size kW 240 590 240 690
Electricity Production (KWh/yr) 1,892,160 4,651,560 1,892,160 5,439,960
Electricity Production (kWh/day) 5,256 12,921 5,256 15,111
Budget Estimates
Anaerobic Digester $475,000 $575,000 $475,000 $575,000
Co-Gen Plant (non-containerized) $384,000 $708,000 $384,000 $708,000
Powerhouse & Plumbing $137,000 $205,500 $137,000 $205,500
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $110,000 $165,000 $110,000 $165,000
Low Voltage Electrical Distribution $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $124,530 $176,785 $124,530 $176,785
Engineering & Project Management (10%) 10% $177,900 $252,550 $177,900 $252,550
Risk Management (20%) 20% $416,286 $590,967 $416,286 $590,967
Total Capital Expenditure $2,497,716 $3,545,802 $2,497,716 $3,545,802
Revenue
Sale Electricity - Electricity Tariff (Cent’/kWh) 0.328 $620,628| 0.186 $865,190( 0.100 $189,216(0.100 $543,996
Tipping Fees (SSO) $30  $48,000 $150,000 $48,000 $150,000
Tipping Fees (FOG) $15  $24,000 $75,000 $24,000 $75,000
Total Revenue $692,628 $1,090,190 $261,216 $768,996
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $37,843 $93,031 $37,843 $108,799
Digester Maintenance (0.5 Cents/kWh) 0.005 $9,461 $23,258 $9,461 $27,200
Labour for System Operation (h/day; $50/h, 1hr/100kW) 2 $43,800 6 $107,675 2 $43,800 7 $125,925
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $7,947 $19,537 $7,947 $22,848
Reinvestments 1% $24,977 $35,458 $24,977 $35,458
Total Operating Cost $124,028 $278,959 $124,028 $320,230
Net Operational Income $568,600 $811,232 $137,188 $448,766
Financing
Total Investment $2,497,716 $3,545,802 $2,497,716 $3,545,802
Grant(s) $0 $0| 97.5% $2,435,273| 45% $1,595,611
Loan 100% $2,497,716| 100% $3,545,802| 2.5% $62,443]| 55% $1,950,191
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.0% 5.2% 5.3%
Average Income Before Tax $249,335 $353,128 $129,482 $188,897
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80.0 FARM J PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary -FARM J

. . Option 1 - 25% Option 2 - 49% Option 1 - Option 2 -

Biogas Upgrading Non-Ag Non-Ag w/funding w/funding
Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,250 1 1,750 1 1,250 1 1,750
Dairy Manure (m3/yr) 9,500 9,500 9,500 9,500
Poultry Waste (Broiler - m3/yr) 750 750 750 750
Source Separated Organics (SSO) (m3/yr) 1,600 5,000 1,600 5,000
Fats, Oils and Grease (FOG) (m3/yr) 1,600 5,000 1,600 5,000
Total Feedstock Volume (m3/yr) 13,450 20,250 13,450 20,250
Biogas Production (m3/hr) 98 236 98 236
Biogas Production (m3/yr) 858,480 2,067,360 858,480 2,067,360
Energy Production (GJ/hr) 2.058 4.956 2.058 4.956
Energy Production (GJ/yr) 18,028 43,415 18,028 43,415
Budget Estimates
Anaerobic Digester $475,000 $575,000 $475,000 $575,000
Biogas Upgrading System $1,000,000 $1,200,000 $1,000,000 $1,200,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $150,360 $192,290 $150,360 $192,290
Engineering & Project Management (10%) 10% $214,800 $274,700 $214,800 $274,700
Risk Management (20%) 20% $502,632 $642,798 $502,632 $642,798
Total Capital Expenditure $3,015,792 $3,856,788 $3,015,792 $3,856,788
Revenue
Sale of Biogas ($/GJ) 40.30 $726,532|19.10 $829,218( 15.28 $275,469(15.28 $663,374
Tipping Fees (SSO) $30 $48,000 $150,000 $48,000 $150,000
Tipping Fees (FOG) $15 $24,000 $75,000 $24,000 $75,000
Total Revenue $798,532 $1,054,218 $347,469 $888,374
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $8,585 $20,674 $8,585 $20,674
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 2 $25,039 5 $60,298 2 $25,039 5 $60,298
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kwWh 7% $7,211 $17,366 $7,211 $17,366
Upgrading System Electricity Consumption $18,000 $37,000 $18,000 $37,000
Reinvestments 1% $30,158 $38,568 $30,158 $38,568
Total Operating Cost $112,593 $197,505 $112,593 $197,505
Net Operational Income $685,939 $856,713 $234,876 $690,869
Hnancing
Total Investment $3,015,792 $3,856,788 $3,015,792 $3,856,788
Grant(s) $0 $0[ 80% $2,412,634| 10%  $385,679
Loan 100% $3,015,792|100% $3,856,788 20% $603,158( 90% $3,471,109
Equity 0% $0| 0% $0 0% $0| 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0%) 10.0%) 5.1% 5.7%)
Average Income Before Tax $302,155 $385,864 $152,876 $219,369
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81.0 FARM K EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm K” in Abbotsford.
The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm K
would process hog manure, poultry waste and non-agricultural feedstocks to produce renewable
energy and other beneficial co-products.

This study concludes that the proposed AD system on Farm K would be economically viable with
49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.193/kWh;

e Electricity tariff of $0.10/kWh and funding of 55% ($1,956,369); or
e Biomethane tariff of $20.35/GJ;

e Biomethane tariff of $15.28/GJ and funding of 10% ($382,169).

If Farm K were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.330/kWh;

e Electricity tariff of $0.10/kWh and funding of 97.5% ($2,435,273); or

e Biomethane tariff of $41.30/GJ;

e Biomethane tariff of $15.28/GJ and funding of 82.5% ($2,488,028).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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82.0 FARM K PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

82.1 Site Description

Farm K is a hog and poultry operation in Abbotsford, B.C. A total of 6,000 hogs are raised at any
one time, with approximately 20,000 animals processed each year. The poultry (broiler)
operation houses approximately 180,000 broilers 6.5 times over the course of the year, and
generates approximately 1,000 tonnes/year of waste. The two operations are approximately 1km
apart. The hog manure is collected for storage under the barns and would be pumped to the site
with the poultry waste being front loaded.

Hog manure is currently managed predominantly on-site whereas poultry manure is hauled for
off-site management. As a result, it is logistically and economically favourable to site the AD
system at the hog operation and to import poultry waste, as this waste is already being trucked.

82.2 Project-Specific Considerations

82.2.1 Electrical Interconnection
B.C. Hydro estimates that less than 250m of single-phase line requires upgrading to three-phase
service at the hog operation and interconnection costs have been estimated at $500,000.

82.2.2 Natural Gas Interconnection

Farm K has natural gas available on-site. Interconnection costs have been estimated at
$250,000 — $350,000. FortisBC may be able to accept all of the biomethane from this system
into their grid.

82.2.3 Availability of Feedstocks
Based on information provided by Farm K, the following feedstocks have been identified as
currently available:

¢ Hog Manure:
o 6,000 hogs on site at any one time.
o Poultry Waste;
o 180,000 broilers on site 6.5 times over the duration of a year.*

*Note that poultry litter is a particularly challenging feedstock as a result of high nitrogen and
total solids content. Operational experience and computer simulation indicates an absolute
minimum hog manure to poultry litter ratio of 5:1 is necessary. However, this ratio is highly
dependent on individual feedstock characteristics and should only be used as a rough
estimation.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

e Fats Oils and Greases (FOQG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from local food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and
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o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.

82.3 Co-Products
AD systems enable the production of a number of beneficial co-products. The following section
discusses Farm K’s co-product opportunities.

82.3.1 Thermal Energy

Thermal energy could be available for use at Farm K through the integration of a co-generation
unit or biogas boiler. While neither the hog nor poultry operation has significant thermal loads,
minor requirements for the hog barns could be met.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm K could range from
500,000btu — 2,000,000btu using a co-generation unit, or 1,000,000btu — 6,000,000btu using
high-efficiency, direct combustion.

82.3.2 Livestock Bedding

Farm K, as a hog and poultry producer, does not use bedding for livestock. Post digested
material could be used as compost and/or fill for on-farm uses. Current manure disposal costs
are approximately $15,000 — $20,000/year.

82.3.3 Tipping Fees

Farm K has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

82.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.
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83.0
83.1

FARM K PROJECT OPTIONS
Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Hog manure 23 m® 163 m° 8,500 m*®
Poultry litter 3md 19m? 1,000 m®
FOG 4md 29 m® 1,500 m®
SSO 4m’ 29 m’ 1,500 m*
TOTAL 34 m® 240 m® 12,500 m®
Minimal required digester volume: 1,000 m®

No of digesters: 1

Biogas production: 2,304 m*/day

Organic loading rate: 3.5kgVS/day

HRT: 28 days

CHP unit: 240 kW

Upgrading unit capacity 150 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes a 1,000m? digester and a 240kW co-generation unit or equivalent

biogas scrubber. Anticipated biogas production is 96m*/hour.

83.2

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The

Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 23 m?® 163 m® 8,500 m®
Poultry litter 3m? 19 m® 1,000 m®
FOG 13 m’ 91 m® 4,750 m*
SSO 13 m® 91 m® 4,750 m*
TOTAL 52 m® 364 m® 19,000 m*
Minimal required digester volume: 1,500 m®

No of digesters: 1

Biogas production: 5,448 m3/day

Organic loading rate: 3.6kgVS/day

HRT: 24 days

CHP unit: 570 kW

Upgrading unit capacity 300 m3/hr

proposed AD system includes a 1,500m? digester and a 570kW co-generation unit or equivalent

biogas scrubber. Anticipated biogas production is 227m*/hour.
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84.0 FARM K REQUIRED TARIFFS
84.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding
Obti : . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with
($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.330 97.5% $41.30 82.5%
2: 49% $0.193 55% $20.35 10%

84.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to the capital input, this
AD system would require high energy tariffs of $0.330/kWh or $41.30/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 97.5% funding if it
produces electricity for sale to the SOP or 82.5% if it produces biomethane for sale to FortisBC.
Given the low likelihood of these tariffs or this amount of funding being available in the
foreseeable future, this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.193/kWh or $20.35/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 55% funding if it produces electricity for
sale to the SOP or 10% if it produces biomethane for sale to FortisBC. As such, there is a high
probability that this option will be economically viable for biomethane production. However, this
will depend upon interconnection costs, FortisBC’s ability to accept the biomethane into their
grid, and the ability to generate economic value from co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.04/kWh — $0.08/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
K’s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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85.0 FARM K CONCLUSION

While installation of an AD system at Farm K is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities and characteristics.
Furthermore, addition of a significant quantity of low nitrogen and low TS feedstock is also vital
to enable Farm K’s AD system to operate effectively.

Option 2, biomethane production, may be economically viable for Farm K based on the
information provided and used in this study. Option 2, electricity production, may also be
economically viable for Farm K if a slightly higher electricity tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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86.0 FARM K PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary - FARM K

Electricity Production Option 1 - 25% Option 2 - 49% Option 1 - w/grant Op;z:jy-xlgsm
Non-Ag Non-Ag money under SOP SoP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,000 1 1,750 1 1,000 1 1,750
Hog Manure (m3/yr) 8,500 8,500 8,500 8,500
Poultry Waste (m3/yr) 1,000 1,000 1,000 1,000
Source Separated Organics (SSO) (m3/yr) 1,500 4,750 1,500 4,750
Fats, Oils and Grease (FOG) (m3/yr) 1,500 4,750 1,500 4,750
Total Feedstock Volume (m3/yr) 12,500 19,000 12,500 19,000
Engine operating time (hr/day) 21.9 21.9 21.9 21.9
Engine Size kW 240 570 240 570
Electricity Production (KWh/yr) 1,892,160 4,493,880 1,892,160 4,493,880
Electricity Production (kWh/day) 5,256 12,483 5,256 12,483
Budget Estimates
Anaerobic Digester $475,000 $550,000 $475,000 $550,000
Co-Gen Plant (non-containerized) $384,000 $741,000 $384,000 $741,000
Powerhouse & Plumbing $137,000 $205,500 $137,000 $205,500
Off-Farm Recpetion $125,000 $200,000 $125,000 $200,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $110,000 $165,000 $110,000 $165,000
Low Voltage Electrical Distribution $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $124,530 $177,345 $124,530 $177,345
Engineering & Project Management (10%) 10% $177,900 $253,350 $177,900 $253,350
Risk Management (20%) 20% $416,286 $592,839 $416,286 $592,839
Total Capital Expenditure $2,497,716 $3,557,034 $2,497,716 $3,557,034
Revenue
Sale Electricity - Electricity Tariff (Cent’/kWh) 0.330 $624,413| 0.193 $867,319( 0.100 $189,216(0.100 $449,388
Tipping Fees (SSO) $30  $45,000 $142,500 $45,000 $142,500
Tipping Fees (FOG) $15  $22,500 $71,250 $22,500 $71,250
Total Revenue $691,913 $1,081,069 $256,716 $663,138
Operating Cost
CHP Maintenance (2 Cents/kWh) 0.020 $37,843 $89,878 $37,843 $89,878
Digester Maintenance (0.5 Cents/kWh) 0.005 $9,461 $22,469 $9,461 $22,469
Labour for System Operation (h/day; $50/h, 1hr/100kW) 2 $43,800 6 $104,025 2 $43,800 6 $104,025
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $7,947 $18,874 $7,947 $18,874
Reinvestments 1% $24,977 $35,570 $24,977 $35,570
Total Operating Cost $124,028 $270,817 $124,028 $270,817
Net Operational Income $567,885 $810,252 $132,688 $392,321
Financing
Total Investment $2,497,716 $3,557,034 $2,497,716 $3,557,034
Grant(s) $0 $0| 97.5% $2,435,273| 55% $1,956,369
Loan 100% $2,497,716| 100% $3,557,034| 2.5% $62,443| 45% $1,600,665
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.0% 5.0% 5.1%|
Average Income Before Tax $248,586 $355,287 $124,774 $179,752
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87.0 FARM K PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary - FARM K

Biogas Upgrading Option 1 - 25% Non-[ Option 2 -49% Option 1 - Option 2 -
Ag Non-Ag w/funding w/funding

Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,000 1 1,500 1 1,000 1 1,500
Hog Manure (m3/yr) 8,500 8,500 8,500 8,500
Poultry Waste (m3/yr) 1,000 1,000 1,000 1,000
Source Separated Organics (SSO) (m3/yr) 1,500 4,750 1,500 4,750
Fats, Oils and Grease (FOG) (m3/yr) 1,500 4,750 1,500 4,750
Total Feedstock Volume (m3/yr) 12,500 19,000 12,500 19,000
Biogas Production (m3/hr) 96 227 96 227
Biogas Production (m3/yr) 840,960 1,988,520 840,960 1,988,520
Energy Production (GJ/hr) 2.016 4.767 2.016 4.767
Energy Production (GJ/yr) 17,660 41,759 17,660 41,759
Budget Estimates
Anaerobic Digester $475,000 $550,000 $475,000 $550,000
Biogas Upgrading System $1,000,000 $1,200,000 $1,000,000 $1,200,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7%  $150,360 $190,540 $150,360 $190,540
Engineering & Project Management (10%) 10% $214,800 $272,200 $214,800 $272,200
Risk Management (20%) 20% $502,632 $636,948 $502,632 $636,948
Total Capital Expenditure $3,015,792 $3,821,688 $3,015,792 $3,821,688
Revenue
Sale of Biogas ($/GJ) 41.30 $729,365/20.35  $849,794| 1528 $269,847|15.28  $638,076
Tipping Fees (SSO) $30 $45,000 $142,500 $45,000 $142,500
Tipping Fees (FOG) $15  $22,500 $71,250 $22,500 $71,250
Total Revenue $796,865 $1,063,544 $337,347 $851,826
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $8,410 $19,885 $8,410 $19,885
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 2 $24,528 5 $57,999 2 $24,528 5 $57,999
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kWh) 7% $7,064 $16,704 $7,064 $16,704
Upgrading System Electricity Consumption $18,000 $37,000 $18,000 $37,000
Reinvestments 1% $30,158 $38,217 $30,158 $38,217
Total Operating Cost $111,760 $193,404 $111,760 $193,404
Net Operational Income $685,105 $870,140 $225,588 $658,422
Financing
Total Investment $3,015,792 $3,821,688 $3,015,792 $3,821,688
Grant(s) $0 $0| 82.5% $2,488,028 10%  $382,169
Loan 100% $3,015,792(100% $3,821,688| 17.5% $527,764 90% $3,439,519
Equity 0% $0 0% $0 0% $0 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 0.0%
Average ROI Before Tax 10.0% 10.0% 5.1% 5.0%
Average Income Before Tax $301,323 $381,930 $153,588 $191,422
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88.0 FARM L EXECUTIVE SUMMARY

This study assesses the economic viability of installing an AD system on “Farm L” in Agassiz.
The system was evaluated in context of the B.C. Anaerobic Digestion Benchmark Study, herein
known as The Study, and should be referenced as such. The proposed AD system on Farm L
would process dairy manure and non-agricultural feedstocks to produce renewable energy and
other beneficial co-products.

This study concludes that the proposed AD system on Farm L would be economically viable with
49% non-agricultural feedstock, dependent on the feedstocks used, under the following
conditions*:

e Electricity tariff of $0.190/kWh;

e Electricity tariff of $0.10/kWh and funding of 55% ($1,865,249); or
e Biomethane tariff of $20.50/GJ;

¢ Biomethane tariff of $15.28/GJ and funding of 10% ($376,974).

If Farm L were to use only 25% non-agricultural feedstock, and dependent on the feedstocks
used, the proposed AD system would only be economically viable under the following
conditions*:

e Electricity tariff of $0.350/kWh;

e Electricity tariff of $0.10/kWh and funding of 100% ($2,452,788); or

e Biomethane tariff of $41.80/GJ;

e Biomethane tariff of $15.28/GJ and funding of 85% ($2,563,423).

*Note that the necessary energy tariffs and funding requirements are directly related to final
installed costs for the AD system. Managing development and construction costs can allow
systems to be economically viable at lower tariffs or with less funding.

Budget estimates provided in this study are reflective of generalized costs. True costs are
ultimately dependant on firm quotes from local contractors and the amount of work put in by the
owner. This budget should be updated to reflect true costs once firm quotes for specific work
items are received.

It should also be noted that potential economic value associated with co-products, including the
use of residual heat for on-site and neighbouring (less than 500m) needs, and the value of
offsetting bedding requirements, are not included in the budget. This is because investments in
co-products are considered independently of the AD system, as they should be based on their
own economic merit. Through cost management and accounting for additional revenue streams,
the required energy tariffs and funding amounts for AD systems to be economically viable can
be reduced by as much as 25%.
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89.0 FARM L PROJECT SCOPE

This study should be read in conjunction with the British Columbia Anaerobic Digestion
Benchmark Study to ensure the information presented herein is understood in the proper context
and with all necessary supporting information.

89.1 Site Description

Farm L is a dairy operation in Agassiz, B.C. that milks 250 cows at their location. With the
inclusion of young stock and dry cows, total herd size is approximately 500 cows. Manure
collection is done by automated alley scrapers.

89.2 Project-Specific Considerations

89.2.1 Electrical Interconnection
Farm L has three-phase service on-site. Interconnection costs have been estimated at $375,000
— $500,000.

89.2.2 Natural Gas Interconnection
Farm L has natural gas available on-site. Interconnection costs have been estimated at
$250,000 — $350,000. FortisBC can accept all of the biomethane from this system into their grid.

89.2.3 Availability of Feedstocks
Based on information provided by Farm L, the following feedstocks have been identified as
currently available:

e Dairy Manure:
o Available from 250 milkers and 250 young stock mixed with dry cows.

To determine potential system scales and parameters, the following non-agricultural feedstocks
have been identified as suitable for on-farm AD:

¢ Fats Oils and Greases (FOG):
o Considered a high-energy non-agricultural feedstock; and
o Sourced from food processing facilities.

e Source Separated Organics (SSO):
o Considered a low-energy non-agricultural feedstock; and

o Consisting of organic compostable materials, such as spoiled produce and plate
scrapings.

89.3 Co-Products
AD systems enable the production of a number of beneficial co-products. The following section
discusses Farm L’s co-product opportunities.

89.3.1 Thermal Energy

Thermal energy could be available for use at Farm L through the integration of a co-generation
unit or biogas boiler. While the farm operation does not have any significant heat loads, minor
heating requirements could be met.

The economic viability of using thermal energy should be evaluated as a stand-alone option.
Depending on system choice, thermal energy production at Farm L could range from 250,000btu
— 1,000,000btu using a co-generation unit, or 600,000btu — 3,000,000btu using high-efficiency,
direct combustion.
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89.3.2 Livestock Bedding

Farm L spends approximately $35,000/year on sand for livestock bedding. Digestate material
from the AD system would be a suitable replacement for livestock bedding if properly managed
after the digestion process. Depending on the separation technology selected and desired
moisture content, livestock bedding production post-AD typically involves a solid separator and
optional drying.

89.3.3 Tipping Fees

Farm L has the ability to generate tipping fees by accepting non-agricultural feedstocks. The
fees will be dependent upon the type and quality of feedstocks delivered. For the purpose of this
study, tipping fees of $30/tonne for SSO and $15/tonne for FOG have been assumed. For more
information on tipping fees, refer to the main body of The Study.

89.3.4 Nutrient Recovery
AD systems have two primary impacts to on-farm nutrient management:

i.  The use of non-agricultural feedstocks results in the import of additional nutrients which
need to be managed according to an approved Nutrient Management Plan (NMP); and

i. The AD process converts nutrients from long-chain organic compounds into their base
molecular form. This results in greater nutrient availability for plant uptake as well as
provides the opportunity to isolate nutrients for export, or more efficient land application.

It should be noted that only nominal quantities of nitrogen are lost in the AD process (i.e., 1% —
10% loss). Potash and Phosphorous concentrations are not typically reduced as a result of
passing through a digester.

The selection of non-agricultural feedstocks should consider any nutrient deficit or surplus. If a
surplus of nutrients proportionate to the land application base is identified, then a nutrient
recovery system may be required to ensure compliance with a NMP. These systems are
typically capital intensive and should be considered in the context of an independent economic
evaluation, whereby capital would be offset by the sale of recovered nutrients and/or the savings
for disposal of any excess nutrients.

Farm L has been working with faculty and UBC’s Point Grey Campus to install a pilot nutrient

recovery system. It is likely that this system will integrate well with the proposed AD system, and
that it could serve as a showcase for other on-farm AD systems interested in nutrient recovery.
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90.0 FARM L PROJECT OPTIONS
90.1 Option 1: 25% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 26 m* 183 m® 9,500 m®
FOG 4m? 29 m® 1,500 m®
SSO 4md 29 m? 1,500 m®
TOTAL 34 m? 241 m? 12,500 m*
Minimal required digester volume: 1,250 m®

No of digesters: 1
Biogas production: 2,280 m*/day

Organic loading rate: 3.4kgVS/day
HRT: 26 days
CHP unit: 220 kW
Upgrading unit capacity: 150 m3/hr

Option 1 uses a mixture of available manure and 25% non-agricultural feedstocks. The
proposed AD system includes a 1,250m? digester and a 220kW co-generation unit or equivalent

biogas scrubber. Anticipated biogas production is 95m*/hour.

90.2 Option 2: 49% Non-Agricultural Feedstock

Substrate: Daily Weekly Yearly
Dairy manure 26 m* 183 m® 9,500 m®
FOG 13 m? 91 m® 4,750 m*
SSO 13 m® 91 m® 4,750 m*
TOTAL 52 m® 365 m° 19,000 m*
Minimal required digester volume: 1,750 m®

No of digesters: 1
Biogas production: 5,400 m*/day
Organic loading rate: 3.6kgVS/day
HRT: 24 days
CHP unit: 550 kW
Upgrading unit capacity 300 m3/hr

Option 2 uses a mixture of available manure and 49% non-agricultural feedstocks. The
proposed AD system includes a 1,750m? digester and a 550kW co-generation unit or equivalent

biogas scrubber. Anticipated biogas production is 225m*/hour.
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91.0 FARM L REQUIRED TARIFFS
91.1 Energy Tariff and Funding Requirements

Electricity % Funding Biomethane % Funding

Obti : . Necessary under Tariff Necessary
ption #  Tariff Required Sop Required with

($/kcwWh) ($/GJ) $15.28/GJ
1: 25% $0.350 100% $41.80 85%
2: 49% $0.190 55% $20.50 10%

91.2 Consideration of Options
This study has proposed two options, each intended to provide variable AD system parameters
and generation characteristics.

Option 1: As a result of the relatively low energy output proportionate to capital input, this AD
system would require high energy tariffs of $0.350/kWh or $41.80/GJ for electricity and
biomethane, respectively. Alternatively, this AD system would require 100% funding if it
produces electricity for sale to the SOP or 85% if it produced biomethane for sale to FortisBC.
Given the low likelihood of these tariffs or this amount of funding being available in the
foreseeable future, this option is not considered economically viable.

Option 2: As a result of the higher energy output proportionate to the capital input, this AD
system would require energy tariffs of $0.190/kWh or $20.50/GJ for electricity and biomethane,
respectively. Alternatively, this AD system would require 55% funding if it produces electricity for
sale to the SOP or 10% if it produced biomethane for sale to FortisBC. As such, there is a high
probability that this option will be economically viable for biomethane production. However, this
will depend upon interconnection costs, FortisBC’s ability to accept the biomethane into their
grid, and the ability to generate economic value from co-products.

There is also a low probability that this option will be economically viable for electricity
production. However, this will depend upon interconnection costs, the ability to generate
economic value from co-products, and at least a $0.04/kWh — $0.08/kWh higher electricity tariff
or the availability of some funding. While the required electricity tariff or funding amount for Farm
L’s AD system are within reason when compared to other jurisdictions, they are currently
unavailable in B.C.
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92.0 FARM L CONCLUSION

While installation of an AD system at Farm L is technologically feasible, economic viability is
dependent on the necessary energy tariffs or funding amount, interconnection costs and the
economic value of co-products. Success of this AD system is also dependent on securing
suitable non-agricultural feedstocks in the prescribed quantities.

Option 2, biomethane production, may be economically viable for Farm L based on the
information provided and used in this study. Option 2, electricity production, may also be
economically viable for Farm L if a slightly higher electricity tariff or funding becomes available.

Consideration of nutrients is important when using non-agricultural feedstocks in an on-farm AD
system. As such, it is important to include all additional nutrients associated with the import of
this material in a NMP. Regulatory requirements for all AD system options must also be further
evaluated to ensure compliance.
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93.0 FARM L PROJECT BUDGET = ELECTRICITY PRODUCTION

Budget Estimate Summary -FARM L

Electricity Production Option 1 - 25% Option 2 - 49% Option 1 - w/grant Op;z::y_z\r’ﬁ;?m
Non-Ag Non-Ag money under SOP SopP

Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,250 1 1,500 1 1,250 1 1,500
Dairy Manure (m3/yr) 9,500 9,500 9,500 9,500
Source Separated Organics (SSO) (m3/yr) 1,500 4,750 1,500 4,750
Fats, Oils and Grease (FOG) (m3/yr) 1,500 4,750 1,500 4,750
Total Feedstock Volume (m3/yr) 12,500 19,000 12,500 19,000
Engine operating time (hr/day) 21.9 21.9 219 21.9
Engine Size kW 220 550 220 550
Electricity Production (kWh/yr) 1,734,480 4,336,200 1,734,480 4,336,200
Electricity Production (kWh/day) 4,818 12,045 4,818 12,045
Budget Estimates
Anaerobic Digester $475,000 $513,000 $475,000 $513,000
Co-Gen Plant (non-containerized) $352,000 $660,000 $352,000 $660,000
Powerhouse & Plumbing $137,000 $205,500 $137,000 $205,500
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
High Voltage Connection (BC Hydro) $300,000 $300,000 $300,000 $300,000
High Voltage Connection (non-BC Hydro) $110,000 $165,000 $110,000 $165,000
Low Voltage Electrical Distribution $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $122,290 $169,085 $122,290 $169,085
Engineering & Project Management (10%) 10% $174,700 $241,550 $174,700 $241,550
Risk Management (20%) 20% $408,798 $565,227 $408,798 $565,227
Total Capital Expenditure $2,452,788 $3,391,362 $2,452,788 $3,391,362
Revenue
Sale Electricity - Electricity Tariff (Cent/kWh) 0.350 $607,068| 0.190 $823,878( 0.100 $173,448[0.100 $433,620
Tipping Fees (SSO) $30  $45,000 $142,500 $45,000 $142,500
Tipping Fees (FOG) $15  $22,500 $71,250 $22,500 $71,250
Total Revenue $674,568 $1,037,628 $240,948 $647,370
Operating Cost
CHP Maintenance (2 Cents/kwWh) 0.020 $34,690 $86,724 $34,690 $86,724
Digester Maintenance (0.5 Cents/kWh) 0.005 $8,672 $21,681 $8,672 $21,681
Labour for System Operation (h/day; $50/h, 1hr/100kW) 2 $40,150 6 $100,375 2 $40,150 6 $100,375
Electricity Consumption (7% of Production @ $0.06/kWh) 7% $7,285 $18,212 $7,285 $18,212
Reinvestments 1% $24,528 $33,914 $24,528 $33,914
Total Operating Cost $115,325 $260,906 $115,325 $260,906
Net Operational Income $559,243 $776,722 $125,623 $386,464
Financing
Total Investment $2,452,788 $3,391,362 $2,452,788 $3,391,362
Grant(s) $0 $0( 100% $2,452,788| 55% $1,865,249
Loan 100% $2,452,788| 100% $3,391,362 0% $0| 45% $1,526,113
Equity 0% $0 0% $0 0% $0( 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.0% 10.0% 5.1% 5.4%
Average Income Before Tax $246,215 $339,127 $125,808 $184,258
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94.0 FARM L PROJECT BUDGET - BIOMETHANE PRODUCTION

Budget Estimate Summary -FARM L

. . Option 1 - 25% Option 2 - 49% Option 1 - Option 2 -

Biogas Upgrading Non-Ag Non-Ag w/funding w/funding
Components Qty Qty Qty Qty
Digester (No, size m3) 1 1,250 1 1,500 1 1,250 1 1,500
Dairy Manure (m3/yr) 9,500 9,500 9,500 9,500
Source Separated Organics (SSO) (m3/yr) 1,500 4,750 1,500 4,750
Fats, Oils and Grease (FOG) (m3/yr) 1,500 4,750 1,500 4,750
Total Feedstock Volume (m3/yr) 12,500 19,000 12,500 19,000
Biogas Production (m3/hr) 95 225 95 225
Biogas Production (m3/yr) 832,200 1,971,000 832,200 1,971,000
Energy Production (GJ/hr) 1.995 4.725 1.995 4.725
Energy Production (GJ/yr) 17,476 41,391 17,476 41,391
Budget Estimates
Anaerobic Digester $475,000 $513,000 $475,000 $513,000
Biogas Upgrading System $1,000,000 $1,200,000 $1,000,000 $1,200,000
Control Building & Office $50,000 $50,000 $50,000 $50,000
Off-Farm Reception $125,000 $200,000 $125,000 $200,000
FortisBC Interconnection $250,000 $350,000 $250,000 $350,000
Low Voltage Electrical $170,000 $255,000 $170,000 $255,000
System Controls and Automation (inc. hydraulics) $78,000 $117,000 $78,000 $117,000
Project Development (7%) 7% $150,360 $187,950 $150,360 $187,950
Engineering & Project Management (10%) 10% $214,800 $268,500 $214,800 $268,500
Risk Management (20%) 20% $502,632 $628,290 $502,632 $628,290
Total Capital Expenditure $3,015,792 $3,769,740 $3,015,792 $3,769,740
Revenue
Sale of Biogas ($/GJ) 41.80 $730,505|20.50 $848,516( 15.28 $267,036(15.28 $632,454
Tipping Fees (SSO) $30  $45,000 $142,500 $45,000 $135,000
Tipping Fees (FOG) $15 $22,500 $71,250 $22,500 $67,500
Total Revenue $798,005 $1,062,266 $334,536 $834,954
Operating Cost
Upgrading System Maintenance & Monitoring $23,600 $23,600 $23,600 $23,600
Digester Maintenance ($/m3 raw gas) $0.01 $8,322 $19,710 $8,322 $19,710
Labour for System Op. (h/day; $35/h, 1hr/50m3 biogas) 2 $24,273 5 $57,488 2 $24,273 5 $57,488
AD Elec. Consumption (7% of Prod. Equiv. @ $0.06/kwWh % $6,990 $16,556 $6,990 $16,556
Upgrading System Electricity Consumption $18,000 $37,000 $18,000 $37,000
Reinvestments 1% $30,158 $37,697 $30,158 $37,697
Total Operating Cost $111,343 $192,051 $111,343 $192,051
Net Operational Income $686,662 $870,214 $223,193 $642,903
Fnancing
Total Investment $3,015,792 $3,769,740 $3,015,792 $3,769,740
Grant(s) $0 $0| 85% $2,563,423| 10% $376,974
Loan 100% $3,015,792|100% $3,769,740| 15% $452,369| 90% $3,392,766
Equity 0% $0| 0% $0| 0% $0[ 0% $0
Loan Amortization Years 10 10 10 10
Interest Rate 6.0% 6.0% 6.0% 6.0%
Annual Inflation 2.0% 2.0% 2.0% 2.0%
Average ROI Before Tax 10.1%) 10.3%) 5.5%) 5.7%
Average Income Before Tax $303,223 $388,887 $166,619 $214,058
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