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EXECUTIVE SUMMARY 

The Vancouver Parks Board oversees more than 230 parks within the City of Vancouver. Every one of these parks 

must be regularly maintained which requires significant personnel, machinery, and planning to function at the 

standards set by the city and demanded by its residents. This project focuses on the machinery used by the various 

Parks Board Service Centers and more specifically the infrastructure required to operate them.   

Recent changes made by the city to address our planet’s climate crisis meant that all small gas-powered 

landscaping equipment used by the VPB would be phased out by yearend 2024 and its successor would be battery-

powered equipment. However, charging batteries used in this equipment requires access to a significant supply of 

electricity at the location in which it is stored. Many of the VPB’s service locations that house their landscaping 

equipment were built decades ago when demand for electricity was much lower and therefore the electrical 

infrastructure was designed for uses of the time. Even more recently built locations were not designed for the level 

of access required for current machinery. This is the main problem faced by the VPB, insufficient electrical capacity 

for charging small battery-powered landscaping equipment at their service centres.  

Using data available to us, we found there to be 24 service centres that housed this type of small battery-powered 

landscaping equipment, either currently or by 2024. These sites all have different electrical infrastructure, and they 

house similar but varying pieces of equipment. Therefore, the solution needed to be applicable to all service 

centres. It was also to have a phased implementation to ensure it fell within the estimated annual budget of 

$100,000.  

Our recommendation for the VPB is an optimized modular electrical circuit and a service location ranking system 

for the plan’s phased implementation. The modular circuit requires existing standard 15-amp circuits to be 

converted to 20-amp and alternatively a 20-amp circuit can be newly installed where building capacity permits. 

The 20-amp circuit allows for a Power Distribution Management Device (PDM) (TOWA PDM-20-8 Smart Charging 

Switch) to be installed which evenly distributes power to its outlets while managing the capacity of the 20-amp 

circuit. This results in each circuit able to charge 32 batteries during an overnight charging window of 14 hours 

(4:00 pm – 6:00 am), previously constrained by the capacity of the standard 15-amp circuit which 3-4 batteries. To 

meet the requirements of a phased implementation, service centres were ranked based on three criteria. Park 

Coverage (parks in its jurisdiction), Size and Current Electrical Equipment on hand. This resulted in a priority list in 

which the project could be actioned.  

Benefits of this proposal: 

• All electrical equipment can be charged during the overnight 14-hour charging window 

• Each Modular Circuit has the capacity to charge 32 batteries compared to 3-4 batteries on the standard 

15-amp circuit 

• Breakers will not be overloaded due to power management by the PDM 

• Able to be implemented across all service centres  

• Is optimized for space utilization and organization 

• Works within the annual budget of $100,000 

  



   

 

   

 

Costs: 

• Phase 1 - $105,292.92 

• Phase 2 - $ 125,501.87 

• Phase 3 – $109,995.14 

• Total - $340,789.93 
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INTRODUCTION 

In November 2020, the Climate Emergency Action Plan was approved and put into place by the City of Vancouver. 

This ambitious initiative aims to reduce greenhouse gas emissions by 50% by the year 2030. This wide-reaching 

plan impacted many city organizations, and the Vancouver Parks Board was one of them.  

The parks board has set a target to convert 100% of its small landscaping equipment from gas powered to battery 

powered or zero emissions technology by the year 2024. As gas powered equipment reaches its end-of-life, the 

Vancouver Board of Parks and Recreation is replacing that equipment with its electric counterpart.   

The Vancouver Parks Board currently has an inventory of approximately 921 small landscaping equipment, with 

179 already electric. With technological advancements in ZE equipment anticipated to continually improve and the 

motion to be “the greenest city,” the Vancouver Parks Board is committed to get rid of its gas-powered fleet.  

New battery-power equipment is delivered to service centres on a regular basis. Some parks and service yards are 

unable to increase their charging capacity because the buildings lack the infrastructure make the necessary 

upgrades. To ensure a smooth transition of equipment fleet over the next few years, there needs to be a way to 

ensure that there is proper infrastructure to support the new inventory.  

This project is meant to design the framework that will allow for the installation of infrastructure that will charge 

batteries for electric/zero emissions landscaping equipment at Vancouver Parks service locations (see Appendix A 

– TOR).  

METHODOLOGY 

The methodology of our project outlines the steps and the tools that we used throughout our report. 

TERMS OF REFERENCE / PROJECT CHARTER  

The project began with interviews of the client and stakeholders to better understand its scope, purpose, 

constraints, and criteria of evaluation. Based on those initial interviews, we were able to clearly outline what were 

the objectives of the project and what would be expected at its conclusion.  

A Terms of Reference or Project charter is an agreement between the project consultants and stakeholders that 

identifies the purpose of the project, scope, actions that will be taken to create a solution, and the deliverables of 

this project.  

INTERVIEW CLIENT AND STAKEHOLDERS  

Information gathered from interviews consisted of an analysis of the current process being used to charge small 

electric landscaping equipment, customer requirements, equipment inventory, and an annual budget. There were 

interviews with users of the current process at various sites to better understand their concerns, make note of 

suggestions and compare facilities.  

  



   

 

   

 

ANALYSE THE CURRENT PROCESS 

To analyse the current process, we gathered data from an inventory equipment spreadsheet that lists all of the 

current equipment that the Vancouver Parks Board holds. This data was then manipulated to show what type and 

the number of equipment was stored at each park.  

Through site visits and interviews, we gathered data and pictures on what were the different types of storage 

methods for the landscaping equipment. 

REQUIRED INFRASTRUCTURE 

This step was used to understand what the requirements for this new infrastructure are to support the equipment. 

Data in the inventory equipment list was manipulated to group like equipment and assigned a standard power 

draw. This gives crucial information about the charging requirements in terms of power draw. For physical 

requirements, a standard charger size was assigned to each equipment group (which are very similar to each 

other) and multiplied that by the number of chargers that can fit in one circuit.  

DESIGN MODULAR CIRCUIT 

CT’X’ – CRITICAL TO ‘MEETING REQUIREMENTS’  

The used of a CTx or Critical To “X” tool was used to lead use to a new circuit. This tool was used to translate 

customer requirements into a measurable input. The inputs that came out of the CTx tool were then used as 

guideline to determine what was needed for a new circuit. See Appendix F 

FMEA 

An FMEA or Potential Failure Modes and Effects analysis is a step-by-step approach for identifying all possible 

failures in a design. This tool was used for each category of the CTx (Modular circuit, Physical Storage, and Tiered 

implementation) to identify the ways in which it can fail. The findings from the FMEA are used during design to 

prevent failures. For more information on how to use an FMEA see Appendix I. 

IMPLEMENTATION 

An evaluation of priority was done to determine what parks should have infrastructure upgrades first. This tool 

uses three weights: park coverage, size, and current electric landscaping equipment to determine what parks are 

most important. Jericho, Stanley Park, and Evans’s yard were excluded from this list and made the top priority as 

per request of Carla Grimann.    

  



   

 

   

 

ANALYSIS  

The conversion of gas-powered small equipment to battery powered has been driven mostly by the need to 

replace machines that are in a state of disrepair. Once a gas unit is marked for replacement, an electric unit will 

take its place in the fleet. As more units are converted to electric there is a growing need for charging 

infrastructure to cater for service centre’s daily requirements. This infrastructure includes electrical capacity, 

available outlets specifically for charging equipment and the physical storage availability for chargers and batteries 

at each service centre. 

Previously, in gas powered machines, stores of gas and oil were loaded to trucks to meet requirements for the 

day’s work. The requirements for battery powered equipment is different; batteries must be placed to charge 

overnight to be ready for the following day’s work. This is where the problem is occurring. Supply of electricity at 

service facilities is insufficient for the ever-increasing requirements new equipment. Some service yards are even 

forced to charge equipment batteries in bathroom and kitchen facilities. Staff at these locations are already 

balancing load capacity to ensure electric breakers do not trip requiring a reboot which reduces time available for 

their day’s tasks.  

Current electrical circuits were limiting the number of devices that were able to be charged at once. Standard 15-

amp circuits, some of which were being shared with office equipment could only service devices with free outlets 

and with available capacity without causing an overload. Another major hinderance was its inability to access the 

full 14-hours overnight charging window from 4.00 pm to 6.00 am. Whatever the number of devices that could be 

accommodated when staff left for the day was the maximum capacity for the entire window. This was a constraint 

of the current system.  

  



   

 

   

 

CURRENT 

After receiving service centre inventory data, we were able to better understand the scope of the project and 

proceed to begin our analysis. The data came as an excel spreadsheet with a single sheet containing all 24 service 

locations and all their small landscaping equipment. It detailed crucial information about where each piece of 

equipment was located, the manufacturer and model. There was category descriptions and fuel type included but 

we found these to be inaccurate and therefore unusable. 

Table 1 

 

Table 1 above shows the original format of the small equipment inventory 2021. See Appendix C 

 

The first task we set out to accomplish was to separate the data by location in to individual sheets for better 

analysis. Now we could see exactly what was located at each site and focus our attention to other elements of the 

data like motor type, power requirements and electric equivalents of gas-powered machines. 

  



   

 

   

 

 

Table 2 

 

Table 2 shows the data sorted and presented by location. See Appendix C 

  



   

 

   

 

GROUPING OF EQUIPMENT  

After separating the data into locations, we needed to determine what equipment was electric and what was gas-

powered. This required research of each model listed to find their motor type. While doing this we created 

categories for each model to be grouped into. The purpose of grouping the models was to gather similar devices 

based on function and assign a standard power draw for each category. This would be used to calculate the total 

power requirement for small electric landscaping equipment at each service centre.  

Table 3 

 

Table 3 shows the equipment groups and assigned standard power draw for each class of equipment see Appendix 
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ASSIGNING ELECTRIC EQUIVALENT DEVICES TO EXISTING GAS -POWERED DEVICES 

Most of the equipment in inventory at many of the service locations were still gas-powered. Therefore, we had to 

find a way to represent these devices as electric to calculate the total requirement of the entire inventory list. We 

achieved this by assigning equivalent electric models to the current gas-powered devices. Now we could assign a 

grouping number and power draw so that all models would could be accounted for as electric. To identify the 

current electric from the gas-powered in the categories we had two types of each the A-Class which would be 

current electric and the B-class which represented the gas-powered equivalents.  

Table 4 

 

Table 4 shows how the device grouping and equivalents were used in the spreadsheet. See Appendix C 

ELECTRIC DEMAND BY LOCATION 

Now the data could be sorted and analysed to calculate the total power requirements for battery operated 

machines at each location as well as providing representation for current gas-powered machines. 

STANDARDIZING CHARGER DEMAND 

A high priority requirement of the design was to optimize current resources so that the solution is not fully 

dependant on increasing electrical capacity at each site. Our design utilizes a 14-hour overnight window (4:00PM-

6AM) for charging all small electric landscaping equipment. For the most part, there are three standard batteries 

being used to charge small, electric landscaping equipment throughout the parks and service yard. Below is a list of 

the batteries, their chargers and the charging time in hours: 

 

 



   

 

   

 

Table 5 

Brand Charger Battery Charging Time (hours) 

Greenworks GA-GC400 82 Volt GL500 1.25  

Husqvarna QC330 BLi300 1.5 

Stihl  AL300 Quick Charger AP-300S 1.5 

Taking the longest charging time from the 4-amp chargers list, (1.5 hours) we use one ‘cycle’ as 1.75 hours to be 

conservative. Therefore, during the overnight charging window (14 hours) there are eight charging cycles available. 

MODULAR CIRCUITS 

The modular circuit begins with the conversion of standard 15-amp circuits to 20-amp circuits. A 20-amp circuit will 

have functional capacity of 16 amps (80% of 20 amps – 20% excluded for safety factor). The conversion to a 20-

amp circuit will allow for the use of a Power Distribution Management System (PDM), specifically, the TOWA PDM-

20-8 Smart Charging Switch. 

A PDM safely distributes power without overloading the electrical circuit. The TOWA PDM-20-8 Smart Charging 

Switch has 8 outlets and based on our average 4-amp requirement of each device charger; it can charge 4 batteries 

at once. This we refer to as one charging ‘cycle’ and takes approximately 1.75 hours to complete each cycle. Based 

on a 14-hour overnight charging window (4.00 pm – 6.00 am) we calculate that there can be 8 cycles per window. 

To best utilize the PDM over the charging window we recommend using a daisy chain circuit attached to each of 

the 8 PDM outlets (a power bar will provide this function). This will allow for each PDM outlet to service an 

additional 3 chargers, totalling 32 batteries per PDM without overloading an electrical circuit. This means that if 

previously there were 4 available outlets on a circuit to charge 4 batteries overnight, our modular circuit now has 

increased the number to 32 batteries in the same period of time without the need for human intervention to 

unplug and plug in devices. This design has been verified by the TOWA PDM-20-8 Smart Charging Switch 

manufacturer and the email conversation can be found in appendix J 

  



   

 

   

 

CtX 1 

Customer Requirements Driver CtX – Modular Circuit 

Electrical Capacity Total demand for power per location Sufficient Circuits/Amps to 
service all equipment 

  Maximum number of 

chargers per circuit 

 Available time for charging 14 Hours 

 Number of batteries to be charged 1 Charger per battery 

 Safety Factor 80% of circuit amperage 

Flexible Implementation Use at all service centers  Modular System 

CtX 1 converts the Electrical Capacity and Flexible Implementation customer requirements into measurable 

requirements.  

PDM SELECTION 

The TOWA PDM-20-8 Smart Charging Switch had all the features that met requirements of our design which 

includes the ability to regulate power draw and avoid circuit overloads. Switch output from fully charged batteries 

to those needing to be charged and its ability to accommodate power bars that allow for the full use of the 

charging window. We were able to obtain confirmation from the manufacturer that the device would work with 

our design. This confirmation was the main reason to choose the TOWA PDM-20-8 Smart Charging Switch over the 

alternatives. We were not able to make contact to obtain this confirmation with the other manufacturers in time 

for this the report.  

ALTERNATIVE DEVICES FOR POWER DISTRIBUTION MANAGEMENT  

Tripplite - 3.8kW Single-Phase Switched Automatic Transfer Switch PDU, Two 200-240V C20 Inlets, 8 C13 & 2 C19 

Outputs, 1U, TAA 

https://www.tripplite.com/3-2-3-8kw-single-phase-ats-switched-pdu-200-240v-outlets-8-c13-2-c19-2-c20-12ft-

cord-1u-rack-mount-taa~pdumh20hvatnet 

Austin Hughes - 1u Metered 20 AMP PDU with 16 Outlets 

https://www.rackmountsolutions.net/1u-metered-20-amp-pdu-with-16-outlets/ 

  

https://www.tripplite.com/3-2-3-8kw-single-phase-ats-switched-pdu-200-240v-outlets-8-c13-2-c19-2-c20-12ft-cord-1u-rack-mount-taa~pdumh20hvatnet
https://www.tripplite.com/3-2-3-8kw-single-phase-ats-switched-pdu-200-240v-outlets-8-c13-2-c19-2-c20-12ft-cord-1u-rack-mount-taa~pdumh20hvatnet
https://www.rackmountsolutions.net/1u-metered-20-amp-pdu-with-16-outlets/


   

 

   

 

FMEA 

Failure Mode and Effects Analysis identifies possible failures in a design and the findings of these failures are used 

to mitigate these risks. See Appendix I 

Our modular design consists of two electrical circuits:  

• Circuit A 

o Strictly focused on charging small or handheld landscaping equipment. 

• Circuit B 

o Exclusively used for charging larger electric vehicles such as Utility Carts and Ride-On Mowers 

CIRCUIT A  

Circuit A refers to the system described in the modular circuit section above. This circuit utilizes the 20-amp 

electrical circuits and a Power Distribution Management Device which allows for the full use of the overnight 

charging window. 

For circuit A we are able to estimate the total power draw at each location for based on the inventory equipment 

list in Appendix C. 

CIRCUIT B 

Circuit B is meant for high power consumption machines that require dedicated circuits for their use only. This 

circuit will not be upgraded and will be left as is. These machines include Utility Terrain Vehicles, Carts and Ride-on 

Mowers. Typically, we see their chargers with requirements of 12 amps and charging times of 12 hours. This means 

that they will consume the available electricity from these dedicated circuits for the majority of the overnight 

charging window and therefore the use of PDM’s will not provide the benefit of charging additional devices.  

  



   

 

   

 

PHYSICAL SPACE 

Based on the current inventory of electrical equipment at each location we are able to calculate the physical space 

required for chargers and batteries. Which allows for organized and accessible space for departments that use the 

equipment. Shelves were sized to allow for the placement of 1 PDM as well as 8 chargers. The height allows for 4 

shelves to be installed while maintaining access to the contents of each. The design was meant to match the 

quantity of the modular circuit so that storage and circuit would go as one package where needed.  

Table 6 

 

Table 6 shows the number of devices and the power draw based on their classification at Queen Elizabeth Park. 

This was also used to determine what racking was needed to house this equipment. See Appendix D 

  



   

 

   

 

Table 7 

 

Table 7 shows the racking selected based on the number of devices at that location in table 6. Appendix E 

 

We have identified current equipment being used and the chargers that work with them. We have estimated an 

average size for each charger at 8”x8” and the PDM has dimensions of 17”x11”. There are 2 storage units, the Full 

and Mini Racking Units that have been designed to meet customer needs and pair with the modular circuit. The 

design has been evaluated and costed by the Carpentry Department at Evans Yard – Vancouver Parks Board.  

Full Racking Unit(A) has dimensions 18”x36”x64” and has capacity to hold 8 chargers on each shelf. A shelf that 

houses the PDM will have reduced charger capacity of 6 units. Therefore, this storage unit with 4 shelves will have 

total capacity of 30 chargers and 1 PDM or a total of 32 chargers. This storage unit costs $1,835.23. 

Mini Racking Unit (B & C) is a shorter version of A with only 2 shelves measuring 18”x36”x32”. This design can hold 

a total of 16 chargers and 1 PDM. This storage unit option costs $917.62. There is also a version that can be wall 

mounted for the same price of $917.62 

CtX 2 

Customer Requirements Driver CtX – Physical Storage 

Physical Storage Number of batteries to be charged 1 Charger per battery 

 Organization Storage to fit 32 chargers 

CtX 2 converts the Physical Storage customer requirement into measurable requirements  

  



   

 

   

 

MODULAR CIRCUIT COST 

The total cost for adding one circuit, including a load capacity evaluation, 20amp circuit upgrade, power bars, a 

PDM, and storage is: $12,438.05 - $13,355.66, depending on the storage options.  

Table 8 

 

Table 8 shows the total cost breakdown for Circuit A with Full racking and with Mini racking. Appendix E 

EVALUATING ELECTRICAL CAPACITY ON SITE  

Before installing or upgrading electrical circuits to accommodate the modular design there must be a load capacity 

test carried out to determine what electrical capacity the building has available.  

INCREASING ELECTRICAL CAPACITY  

At service centres where it is deemed to require an increase in the electrical capacity of the building to allow for 

the installation of the modular circuits, a project with BC Hydro must be undertaken. The steps are highlighted in 

the Implementation Plan.  

ALTERNATIVES 

In a situation where a service location has limited capacity for additional power without major infrastructure 

upgrades, there is a local Vancouver company leading the industry in portable emissions free energy. Portable 

Electric specialises in making devices that produce and store energy where it is needed. Their devices can be 

powered by solar panels, store that power to be used on demand. During the summer months when parks are 

most used and need the most service, these devices could be charged by the sun in the day and at night recharge 

batteries that power equipment used to maintain Vancouver’s outdoor public spaces. It would fit the image of 

Vancouver being the greenest city in the world even if these were used in select locations like Stanley Park and 

Queen Elizabeth Park where park visits are high.  

Portable Electric - Clean, portable power stations | Electric Generators 

  

https://portable-electric.com/


   

 

   

 

TIERED LOCATIONS – PHASED IMPLEMENTATION 

A need for tiered locations that allow for a phased implementation of the proposal was driven mostly by annual 

budget constraints. The entire project would not be able to be completed in one phase so there needed to be a 

system to rank service locations. The criteria were park coverage of the centre, park size and current electrical 

equipment.  

CtX 3 

Customer Requirement Driver CtX – Tiered Implementation 

Tiered Locations Budget Constraints $100,000 Annual Budget 

 Time 2 Week Implementation 

CtX 3 converts the Tired Location customer requirement into measurable requirements, 

RECOMMENDATION 

OVERVIEW 

Our recommendation to the Vancouver Parks Board consists of three parts. Our objectives include the following: 

1. Implement a flexible system that optimizes current electrical capacity to allow for the charging of small 

landscaping equipment. This is to be implemented at all VPB service centres in a phased format.  

2. If required after optimization, provide solutions to increase electrical capacity at specific sites 

3. Provide sufficient physical space that would allow for easy access to device batteries and ensure they are 

maintained in a well-organized manner  

EQUIPMENT REQUIREMENTS 

The first step in our recommendation was to determine the equipment requirement per park location. This was 

done using the small equipment list. This measure is used to determine the number of modular circuits and 

physical space required based on the power demands for equipment housed at the service locations.  

  



   

 

   

 

Table 9 

Table 9 shows the categorizing of equipment that allows for the totals to be found by location. See Appendix C 

The image above is an example of the format in the spreadsheet using the information gathered from the small 

equipment list to identify the number of PDMS and power bars needed for the electric equipment. Circuit A 

represents the small equipment chargers with an average power draw of 4AMPS, while Circuit B is for power draw 

of 12-15 AMPS. By gathering the number of batteries and power draw for all of the current and future equipment, 

we can determine the amount of PDM’s by dividing the total” Circuit A” by 36. This is because a PDM with 8 power 

bars can charge 36 batteries without human intervention.  

MODULAR CIRCUITS  

We recommend upgrading a circuit from a 15AMP outlet to 20AMPS. To address safety concerns, 20-amp circuits 

will be capped at 16-amp functional capacity. This upgrade allows for the use of a Power Distribution Management 

Device (PDM) specifically the TOWA PDM-20-8 Smart Charging Switch that regulates the flow of electricity to its 8 

built-in outlets while ensuring its total power draw does not exceed the capacity of the circuit, resulting in an 

overload. The goal was to maximize use the full 14-hour overnight charging window which was unavailable using 

current circuits. Connecting power bars to each of the 8 outlets we are able to increase the capacity of each outlet 

to 4 thereby upgrading total circuit capacity to 32 devices. (4 devices for each of the 8 PDM outlets). This is 

possible due to the staggered charging made available by the PDM.  

  



   

 

   

 

Table 10 

 

Table 10 shows the breakdown of the equipment by location and how that translates into required circuits. 

Appendix D 

 

INCREASING ELECTRICAL CAPACITY  

Before installing modular circuits at any service centres, there must be a Load Capacity Evaluation to determine 

the available electrical capacity at the site. Based on a site’s load capacity evaluation and inventory of electric 

equipment there may still be a need for additional power. Adding power to a location would need to be carried out 

by BC Hydro. Steps are outlined in the Implementation plan. Based on our recommended system’s capacity to 

charge 32 devices per circuit as well as the number of devices housed at each service centre, there is a reduced 

chance of the need to increase electrical capacity at many of the service centres.  

EQUIPMENT COSTING PER LOCATION 

The two different tables represent the cost variance in the different storage options, Full Racking or Mini Racking. 

Using the information from the inventory equipment list, we calculated the amount of PDMS, power bars, and 

storage option needed. To account for demand, we also split up the costs to current and future. The current costs 

cover all of the costs to cover the current equipment at the location, and the future costs cover all of the gas 

equipment in that location that is expected to convert to electric. This includes everything to upgrade 

infrastructure to support current and future electric equipment. This does not include the cost of any new electric 

equipment. The figure below is an example of the cost for Queen Elizabeth Park.  

By adding all of the totals for current and future expenses respectively, we were able to determine the total cost 

for implementing our circuits to all of the locations that are currently servicing existing electrical equipment as well 

as the total cost for when the gas-powered equipment will transition to its electric counterpart.  

 

 



   

 

   

 

IMPLEMENTATION PLAN 

REFERENCE DATA TIERING LIST (PHASED IMPLEMENTATION)  

The total cost for implementing the electric charging infrastructure to support all current electric devices as well as 

those gas-powered devices that will be converted in the future is $340,789.93. This means the implementation will 

be split over the course of 4 years and the phases can be seen below (For more information on priority locations in 

order visit Appendix B). 

Table 11 

 

Table 11 shows the park priority is based on three criteria (Park Coverage, Current Electrical Equipment, and size) 

and their relative weights. 

  



   

 

   

 

Table 12 

 

Table 12 shows the results of the tiering system described in table 11 combined with the cost per location. The 

locations have been grouped into phased that roughly match the $100,000 annual budget. Using the tiered list the 

VPB can decide on its own phased implementation based on the speed at which they would like to complete the 

infrastructure project. See Appendix J   



   

 

   

 

DETERMINE NUMBER OF CIRCUITS AND COST  

After selection of the park, use the Small Equipment Power Draw sheet (example shown below) to determine the 

number of circuits, PDM’s and power bars are needed. This data sheet calculates the number of circuits, PDM’s, 

and power bars per location based off the current electric landscaping equipment and accounts for future 

equipment that is expected to be transitioned.  

Table 13 

 

Table 14 below is used to calculate the cost at this location. The table for the costing multiplies the amount of 

equipment needed in Table 13 to calculate the costs and the storage option needed in Table 14.Appendix D 

 

Table 14 



   

 

   

 

 

Appendix E 

An electrical load capacity test will be required at priority sites (rankings based on the Data Tiering List) before any 

infrastructure upgrades can be performed. A load capacity test costs $8,000. Below are the steps to conduct a load 

capacity test:  

OPTIMIZED MODULAR CIRCUITS  

The electrical circuits need to be upgraded from the standard 15amps to 20amps. This will come at an estimated 

cost of $1,200. To do this, a work request has to be submitted to the Electrical Shop Facility Work Requests 

(vancouver.bc.ca) for a “Dedicated 20A Receptacle,” and send a copy of the request information to Facilities 

Sustainment engineer. 

After the circuit upgrade is finished, a PDM can be plugged into that outlet supporting the circuit upgrade. The 

amount of PDM’s and power bars needing to be purchased vary, and the exact number can be found in the “Cost” 

appendix, or Appendix D. The TOWA PDM-20-8 can be purchased here: 

https://www.gardenland.com/product/towa-pdm-20-8/ and the recommended power bars can be purchased 

here: https://www.amazon.ca/TLM615NC20-Multiple-Outlet-20-Amp-

outlets/dp/B000L4D3UO/ref=sr_1_8?keywords=20%2BAmp%2BPower%2BStrips&qid=1637454578&sr=8-8&th=1.  

PHYSICAL SPACE AND ORGANIZATION 

Modular Circuits and Modular Storage are paired with each other when it comes to site upgrades. Based on the 

Electrical Equipment Inventory per location, this will determine how many devices need charging and storage. 

These quantities can be found in the Recommendation section of this report. 

  

http://staffapp.city.vancouver.bc.ca/sappmwrkrq_net/
http://staffapp.city.vancouver.bc.ca/sappmwrkrq_net/
https://www.gardenland.com/product/towa-pdm-20-8/
https://www.amazon.ca/TLM615NC20-Multiple-Outlet-20-Amp-outlets/dp/B000L4D3UO/ref=sr_1_8?keywords=20%2BAmp%2BPower%2BStrips&qid=1637454578&sr=8-8&th=1
https://www.amazon.ca/TLM615NC20-Multiple-Outlet-20-Amp-outlets/dp/B000L4D3UO/ref=sr_1_8?keywords=20%2BAmp%2BPower%2BStrips&qid=1637454578&sr=8-8&th=1


   

 

   

 

SAMPLE IMPLEMENTATION AT JERICHO YARD  

• Jericho Yard has a total of 78 devices that will need to be charged  

• We then know from Table 14 that this number of devices would require 4 modular circuits 

• A load capacity evaluation would be carried out to determine if this location needed a BC Hydro upgrade 

• If no upgrade was required then the circuits would be converted from existing infrastructure or newly 

installed 

• PDM’s and power bars would need to be purchased 

• Then the system could be installed altogether 

 

The following steps outline the method to request production from Carpentry Department: 

STANDARD OPERATING PROCEDURE 

To guide the installation, set up, and use of the TOWA PDM-20-8 model, we have created a Standard Operating 

Procedure in Appendix H. This gives clear points on the intended use of the product, the system components, a 

step-by-step guide on how to set the device up, and make sure it’s ready for continuous use. 

INCREASING ELECTRICAL CAPACITY 

Steps for increasing Electrical Capacity via BC Hydro. 

• After determining that there is insufficient capacity, an increase for and increase electrical service will be 

needed.  

•  Have a project number created with an assigned budget and an Electrical Service Information Form with 

the additional load information.  

•  A consultant is required to design the new customer-owned service equipment and BC Hydro will be 

engaged to increase the feed to the site.   

• Civil work will normally be required, along with new incoming customer switchgear. 

 

MEASURE AND ANALYSE RESULTS 

Due to the variation in equipment used at each service centre and the fact that standard sized batteries and 

charging times were used in making our calculations it means that there is potential for greater capacity to 

obtained when the system is implemented. A standard charging time of 1.75 hours was used but there were other 

batteries that charged in as little as 0.5 - 0.75 hours. This would allow more chargers to be plugged into spare 

outlets on the power bars. Therefore, it could be possible to achieve even more units charged in the overnight 

charging window than the 32 stated in the report. Individual service centres would have to test if any additional 

units could be added to the system maintaining all batteries with a fully charged status after the 14 hours. After 

implementation of the system and once there were no issues, users would plug in an additional charger at the 

start of the charging window and observe at the end if all batteries were fully charged. This could be repeated until 



   

 

   

 

batteries were not fully charged at the end of the charging window. This would also be if they needed the 

additional capacity.  

CONCLUSION 

Our new recommendation and implementation plan for the Vancouver Parks Board will ensure that all of the 

equipment at every park can be fully charged overnight. With an annual budget of $100,000, our recommendation 

also includes a list of parks to implement our solution within order in four phases. Our solution is applicable to any 

service centre, yard, or park that the Vancouver Parks Board stores its electrical landscaping equipment at. Our 

solution also comes with multiple storage options. Not only is our solution flexible for implementation, but it is 

also flexible as it can be used for any future addition or expansion of sites and electrical equipment. 

If approved, implementation of the project will be managed by Carla Grimann, Fleet Supervisor at the Vancouver 

Parks board. The total cost to ensure all charging infrastructure is up-to-date and ready for future expansion is 

$340,789.93.  

APPENDICIES 

APPENDIX A - TOR 

TERMS OF REFERENCE 

Date: September 28, 2021 

Version: 1.5 

SUBJECT OF STUDY: 

Charging infrastructure at the Vancouver Board of Parks and Recreation yards, satellite field 

houses, and “gas boxes” 

NAME AND ADDRESS OF ORGANIZATION 

Vancouver Park Board 

955 Evans Ave, Vancouver, B.C 

V6A2K9 

  



   

 

   

 

Client 

Carla Grimann, Fleet Supervisor 

Email: carla.griman@vancouver.ca 

Investigators 

Zoltan Pinczesi - Student Consultant, BCIT 

zpinczesi@my.bcit.ca 

(778) 772-7727 

Patrick Young Sing - Student Consultant, BCIT 

syoungsing@my.bcit.ca  

(236) 513-2503 

 

BCIT Coordinator 

Richard Vurdela - Faculty Advisor, BCIT 

richard_vurdela@bcit.ca 

Office: (604) 432-6744 

 

Purpose 

To design a solution that will allow for the installation of infrastructure to adequately provide 

power to existing Vancouver Park service centres. This is to ensure that batteries for electric 

landscaping equipment are able to be charged on site at dedicated stations.  

Scope 

• Insufficient electrical capacity at some locations is causing delays due to tripped circuit 

breakers. This results in lower efficiency and delays in task completion as workers are 

interrupted by outages and the need to reset breakers before continuing with their tasks. 

Managing power consumption on electrical circuits has meant that other areas have had 

to be utilized for their available power capacity. This is not a long-term solution as more 

equipment is added.  

mailto:carla.griman@vancouver.ca
mailto:zpinczesi@my.bcit.ca
mailto:syoungsing@my.bcit.ca
mailto:syoungsing@my.bcit.ca
mailto:richard_vurdela@bcit.ca


   

 

   

 

• This project exists as part of a larger “Green Initiative'' by the City of Vancouver that 

drives the change to battery operated equipment.  

• All service centers and parks within the jurisdiction of the Vancouver Parks Board that 

house electrical equipment and require upgraded charging infrastructure. These 

locations have been separated into 4 categories with each ranked by the Parks Board. 

• Destination Parks 

• Golf Courses 

• Park Board Parks 

• Neighbourhood Parks 

• These locations must be surveyed to note current status and work to be completed: 

• Electrical load capacity - this is the total amount of power that is provided by the 

main source of electricity (BC Hydro). This, along with the current and forecasted 

power draw from appliances and other consumers of electricity will give an idea 

of what is still available / required for expansion.  

• Electrical outlets - Once capacity issues have been resolved the installation of 

additional outlets at dedicated charging spaces provides the convenience of 

keeping charging infrastructure in one place.   

• Physical storage capacity - Dedicated space for the housing of chargers and 

batteries will cut time in loading service vehicles by improving accessibility. 

• Landscaping equipment that will need infrastructure that is compatible with 36-volt 

batteries. These battery chargers as well as other equipment only require a 120-volt 

outlet.  

Deliverables 

• A Terms of Reference (TOR) to be reviewed and signed off by the client and faculty 

advisor. 

• Tier list of parks in order of priority  

• Framework applicable to all service centres that will act as a guide to upgrade charging 

infrastructure for existing and future needs. 

• Written report available by 09/12/21 

• Oral presentation on 13/12/21 

Symptoms 

• Jericho yard has employees charging items in the bathrooms 

• Lack of electric infrastructure at current yards and “field houses” 

• Commitment from City of Vancouver to reduce CO 2 emissions. Specifically looking at 

switching out gas equipment to electric (battery powered)  

 

  



   

 

   

 

Action Plan 

Stage 1 - Project Management and Data Gathering 

• Develop a Terms of Reference (TOR) 

• Create and update Gantt Chart 

• Create an agenda and journal to keep record of daily planning and accomplishments 

• Gather secondary data about Vancouver’s “Green” initiative 

• Secondary research about similar projects around the world 

• Analysis of current process 

 

Stage 2 - Customer Requirements and Project Design  

• Interview client and stakeholders 

• Gather data on equipment currently being used 

• Gather data on similar projects being done from sustainability department 

(primary and secondary data) 

• Gather data for customers' requirements on project: 

▪ Get a tier list of parks meant to implement infrastructure in order. (A-B as 

a priority) 

• Gather criterion on rating tiers for parks.  

▪ Gather data on range of charging capacity requirements for each location. 

This is crucial to compare against the site’s load capacity to determine 

any expansions required.  

• How many batteries are required at each location. 

• If batteries need to be charged overnight, does building capacity 

allow for it? 

▪ Equipment charging capacity. 

• What is the time frame for all the equipment to be charged? 

• Approximation of types of current batteries being used. 

• Clarifying customer requirements and turning them into deliverables. 

• Develop CTx 

• Construct: 

▪ Use the customer requirements to create actual design elements 

▪ Using design elements create 3 charts to help figure out a solution. 

• Customer requirements matrix: compares customer requirements 

to the design elements. 

• High level design matrix 

• Detailed design matrix 

• Research and develop alternatives to the method 

• Criteria of Evaluation (check to ensure that it satisfies customer 

needs) 



   

 

   

 

Design review: 

• Identify risks with solutions and figure out how those risks can be mitigated or avoided 

by changing small areas of design or adding safeguards.  

Stage 3 - Recommendation/Implementation 

• Provide implementation plan 

• List of parks and service centres that will be implemented in each phase 

• Guide to installing infrastructure  

• Rating system for current infrastructure at service centres: 

▪ Electrical capacity at parks/service centres 

▪ Number of electric outlets 

▪ Physical storage capacity 

• SOP for use of infrastructure 

Stage 4 - Reports and Presentation 

• Final report 

• Oral presentation 

 

 

Criteria of Evaluation 

 

Criteria Weight 

Implementation speed 7 

Innovative solution 10 

Flexibility of implementation 10 

Space utilization 9 

Cost 8 

Functionality 10 

 

 

  



   

 

   

 

 

Customers 

• Carla Grimann - Vancouver Parks Board 

Stakeholders 

• Kelly Gardner - City Studio Vancouver 

• BCIT Business Operations Management Program 

• Richard Vurdela - BCIT Faculty Advisor 

• Jason Young - BCIT Faculty Advisor 

• Vancouver Parks Board 

• Mayor Of Vancouver 

• City of Vancouver 

Constraints 

• Project must be completed by the last week of November/end of BCIT fall 2021 term 

• Certain departments are not cooperating with project needs 

• City regulations / permits to allow for electrical and building upgrades (to be updated) 

• Minimal site disturbance 

Assumptions 

• Estimated $100,000 annual budget 

• Most park superintendents are available for a park visit  

• Batteries to cover daily workload are available  

  



   

 

   

 

Risks 

Each initial risk identified for this project has been assigned a contingency plan 

Risk Risk Management 

Necessary data unavailable Ways to collect more data: 

- If data on certain equipment is unavailable, 
use the internet. 

- Conduct interviews with stakeholders/client 

Workers and management is unable to 
provide data in a timely manner 

Students will try to conduct follow-ups often 
through different communication methods 

Superintendents are unable to speak with 
project team 

Students will try to find a better time to meet 
with the superintendent that fits their 
schedule. If the person is still unable to speak 
with the students, the students may have to 
find another person at the same location with 
similar knowledge 

Long wait times for action  Routinely follow up on stakeholders/contacts 

Forecasted future inventory lower than reality Ensure infrastructure has capacity over the 
forecast by 10% 

Solutions provided require significant system 
upgrades 

Provide off grid / off site alternative  

 

  



   

 

   

 

 

Appendix B – Tiered Location List  

There are three figures show below. These pictures are based off of our “Location Tiering List” excel spreadsheet 

and is used to identify the parks that are most important in order to install electric infrastructure. The locations use 

three weights (Park Coverage/Jurisdiction, Size, and Current Electrical Equipment in order of importance) to 

determine the order in which parks should be implemented first.  

 

Figure 1.1 shows a list of all the services yards/centres that hold electrical equipment and their respective rating in 

terms of park coverage, size, and electrical equipment.  

 

Figure 1.2 above shows the importance of criteria. 2 being the most important and 4 being least.  



   

 

   

 

Tiering List Data 

Locked.xlsx
 

APPENDIX C – SMALL EQUIPMENT INVENTORY LIST 

This sheet is acquired from Carla Grimann. This sheet shows all of the different equipment at different site 

locations. The data was colour coded to group equipment that was gas, electric, and N/A with the colours yellow, 

green, and beige respectively.  

 

APPENDIX D – INVENTORY EQUIPMENT LIST POWER DRAW 

Below is the link to the small equipment data sheet that provided the amount of future and current electric 

landscaping equipment that there is at each location. It shows the number of circuits, PDM’s, and power bars 

needed at each site to support the equipment. The image below is an example of the data used to calculate the 

upgrades needed. The top two tables use data from the Inventory equipment list provided to us (APPENDIX C) 

which was separated into common groups. Then using the data from the tables above, the two tables below use 

the number from “TOTAL CIRCUIT A” to identify the number of circuits upgrades, PDM’s, and power bars needed. 



   

 

   

 

 

Vancouver Parks 

Board Small Equipment Power Draw Unlocked.xlsx
 

  



   

 

   

 

APPENDIX E – COST 

Below is the link to the costing sheet. This sheet shows the costs to install the infrastructure upgrades for the 

current equipment being used (on the left), and the future demand (on the right). The Image below is an example 

from the spreadsheet for Jericho Yard. Its multiples the amount of each equipment or service needed for the park 

(calculated in Appendix C) by the standard price for one unit.  

 

Costing locked.xlsx

 

  



   

 

   

 

APPENDIX F – PHYSICAL STORAGE 

This appendix shows an illustration of the physical storage dimension options. The top drawing represents the 

“Half Rack” and “Half Rack Wall-Mount" storage option, while the bottom drawing is the “Full Rack” storage 

option. 

  

 

  



   

 

   

 

APPENDIX G – USE OF CTX 

A CTx is a tool used to translate a vague requirement to a measurable input. A CTx is a table with three columns: 

Customer Requirement, Driver, and CTx (or outcome). The customer requirement is a need that a customer wants 

out of the product or a function of it to be performed. The Driver is the reason behind this function, and the output 

is the measurable.  

Customer Requirement Driver CtX – Pizza delivery 

Pizza needs to arrive 

quickly 

Don’t want to wait a long time Pizza needs to arrive in 15 minutes 

or less 

APPENDIX H – STANDARD OPERATING PROCEDURE 

Below is the standard operating procedure for the installation and use of the TOWA PDM-20-8. It gives a product 

overview, components, and contents of installation and setup. 

INSTALLATION AND USE SOP 

PURPOSE:  

To guide the installation, set up, and use of the TOWA Power Distribution Management unit  

SCOPE:  

This procedure applies to all employees that are associated with the installation or use of the TOWA PDM unit. 

PRODUCT OVERVIEW/INTENDED USE: 

The TOWA Industries PDM-20-8 model is a power management system that has 8 outlets to charge batteries. It 

allows 8 low power ac charge systems (16A or less) to be charged off a single 20A circuit. The load recognition 

software within the PDM will immediately sense and balance overall demand to keep peak circuit load to less than 

16A even with multiple units connected to the PDM at the same time.  

The system is most applicable to environments where multiple units require charging. The PDM automatically 

switches power from charged units to units needing power without the need of human intervention.  

  



   

 

   

 

SYSTEM COMPONENTS: 

Input requirements: 120V/20A outlet compatible with 20R receptacle.  

 

Unit total demand display: Indicates total demand in AMPS from all the chargers/units being plugged into the 

PDM. 

Circuit status indicator LED: Using LED lighting, the bulbs indicate status of the device being charged. 

Installation and Setup: 

1. Select a convenient location with proper space for provided physical storage size.  

2. Connect the PDM unit to a power outlet by plugging in the NEMA 5-20P/C19 power cord to the input 

connector. This receptacle for input power connection is located on the very left-hand side. 

3. Once plugged in, watch for LED lights on front panel to complete their initiation sequence. 

4. Once complete, start plugging in charge units to the output receptacles. 

5. The software within the unit will automatically sweep available loads and determine the optimal 

configuration for charging the units plugged into the output receptacles. As units become fully charged, 

the software will re-balance the configuration to supply power to the other chargers or units needing 

power. This process repeats and is continued until all units are fully charged.  

Continuous Use:  

1. Are power bars being used? 

a. If yes: plug power bars into the output receptacles from left to right. Plug charging cables from 

batteries into their respective power bar (order does not matter). 

b. If no: plug in the charging cables directly to the PDM output receptacles on the back panel unit 

from left to right. 

2. Once all units are plugged in respectively to instruction (1), look at the LED indicators on the front panel to 

ensure that all devices are connected properly.  

3. Charging cycle will begin 

4. View the LED indicators to tell what units are charged. 

5. Unplug units that are charged 

6. Repeat (1) to (5) 

  



   

 

   

 

APPENDIX I – FMEA 

The table below shows the FMEA. The FMEA is broken down into three main areas: Modular Circuit, Physical 

Storage, and Tiered Implementation. There's main topics were given multiple failure modes (which means in what 

way can the topic have faults or failures). Then the individual failure mode is assigned a ranking of severity based 

on a number scale from 1(lowest) to 10(heights). Potential causes for these failure modes were documented and 

the likelihood of occurrence was assigned using the same number scale. In the next column, the current process 

controls are ways that the process with that same failure mode can be controlled, or reduce its risk. For each 

control, a detection rating is determined to estimate how well the controls can detect either the cause or its failure 

mode after they happen. 



   

 

   

 

FMEA Locked.xlsx

 

APPENDIX J – TIERING LOCATIONS WITH CUMULATIVE COSTS 

The spreadsheet below combines the weights from the tiering locations list in Appendix B with the costs in 

appendix D. 

 

Vancouver Parks 

Board Cumulative Costing With Weights Locked.xlsx
 

  



   

 

   

 

APPENDIX K – CONFIRMATION OF PDM DESIGN 

This is an email from a TOWA Tools representative. This email is used as evidence to state the PDM unit can 

support power bars. 

 
 


