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Executive Summary 

 
We were asked by Dr. Michael Grossman to help prevent workplace accidents, that arise from lack of 

knowledge of safety protocols, by creating a design solution. We based our research on an incident at 

Filsinger’s Organic Foods Farm in Ayton Ontario. It happened back in 2010 where two migrant workers 

died from CO2 asphyxiation when they went into a confined space.  
 
The functional basis of this design is to separate specific masses (the CO2 and other hazards from the 

workers). The primary function is to convey accurate information related to the workplace regularly, to 

prevent employees working under life-threatening conditions (i.e. confined place, carbon dioxide leak), to 

prevent human contact with harmful masses (chemicals,CO2,  etc.) and hazards and to reduce the risk of 

potential hazards within the fermentation process. The objectives are: easy to operate, $2000 budget, 

solves safety issues within fermentation process, and does not exceed language requirements. The 

constraints are based on the Ontario Occupational Health and Safety Act (OOHSA). Furthermore, the 

interests of stakeholders will impact our design. For instance, manufacturers like Filsinger’s Organic 

Foods expect the design to be economically efficient and the Ontario Ministry of Labour sets numerous 

constraints for this project.  
 
To provide a better and safer environment for workers, we considered both the physical environment and 

living things in the factory. If excessive carbon dioxide is released, oxygen levels will fall and ideally, 

they should be around 20.9% to avoid fatalities. The temperature in the room will be kept around 26℃ all 

year round which is vital for efficient production. In terms of living things, apple will attract insects and 

fungi which poses a threat to both equipment in the factory and the workers’ health. They carry germs and 

bacteria that may contaminate the product which workers must intervene to prevent. These environment 

based concerns mold our constraints to have information on instructional use and warning for equipment 

and associated hazardous material. 

 
Ideas for our design were generated through structured brainstorming and a morph chart we created five 

possible solutions. The proposed design is the Fermentation Safety System. The design consists of: two 

exhaust fans (to circulate stagnant air caused by the fermentation process), CO2 storage safety dual alarm 

(to monitor and detect exceeding levels of carbon dioxide), Structural Health Monitoring System (to 

detect damages upon the reactor), instruction boards, training workshop for the workers, an industrial 

vacuum cleaner (to clean the raven tank upon the conclusion of the fermentation process) and an 

extendable reaching tool to retrieve any broken parts in the reactor.  

 
The final design references standards to uphold regulations in the design and for testing (language 

requirements, ventilation) the design designated by Ontario's Occupational Health and Safety Act. The 

design requires the client and Filsinger’s to purchase design components, hire workers for installation of 

physical components, and participate in training within the workshop.  The client must also consider 

accompanying variable costs such as maintenance for the exhaust fans.  Thus, the final design continues 

to meet safety requirements and provide our team’s best thought out solution to meet our client’s need. 

 
 

1.0 Project Requirements 

 
Our client is Dr.Michael Grossman, a lawyer who works at the Toronto Workers’ Health & Safety Legal 

Clinic. His role with this clinic is to help advocate workplace health and safety and to also enforce their 

rights as an employee. The problem statement introduces the work safety dilemma within Filsinger’s 

Organic foods and outlines the underlying need for a future design the company can use as a solution. 
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1.1. Problem Statement  
 
In the past 20 years, about 18,039 people have lost their lives due to work-related causes in Canada. 

[1][2].On September 10 2010,  Ralston White and Paul Roach, migrant workers at Filsinger’s Organic 

Foods Farm in Ayton, Ontario died from CO2 asphyxiation while working in a confined space[1].  The 

two workers went into the fermentation reactor to retrieve a broken pump which indicated they lacked 

proper training and knowledge of protocols. Fermentation facilitates purely anaerobic or partially 

anaerobic conditions for bacteria to grow and ferment which in turn produces CO2 [3]. The O2 content in 

the air must be between 19.5% - 23.5% for optimum breathing levels.[4]. Therefrom, workers are at great 

risk because they are exposed to asphyxiating gases while they are on the job.  For other safety issues 

within the process, refer to[Appendix-A].  
 
The need of the client is to design a method of communication to enhance the safety of workers while 

working. Filsinger is a company with limited equipment and training for migrant workers. These workers 

can moderately read and speak English[5].  Through research and client meetings, we discovered 

Filsinger’s workplace regulations were neglected.  The client and our team had different perspectives and 

scope of the problem.  Furthermore, we saw communication as a need more than a physical aspect due to 

the Filsinger’s unique case.  It was stated in court that the workers, despite several years of experience, 

had climbed into a 15 inch diameter entrance of the tank in presence of other workers[6]. Details such as 

this one raised suspicion that Filsinger’s workplace was not up to safety standards [6][Appendix-B]. The 

lack of communication between the employees and supervisors inhibits workers from working under their 

rights. Thus, a way of regulating safety is to create an environment where actions taken by workers will 

not lead to severe repercussions. 
          
 
 

1.2 Identification of Stakeholders 

 
The stakeholders are manufacturers like Filsinger’s Organic Foods, government, NGO’s, and individuals 

whose interests may impact the design. 

 

Stakeholders Interest Impact on the project 

Manufacturers     

Apple Cider Vinegar 

Manufacturers 
·         Filsinger’s Organic 

Foods 

Profit of apple cider vinegar  ● low cost 

● reasonable longevity 

Tank Manufacturers 
·         Raven Industries Inc. 

Design for engineered products[7] , 

profit and reputation of their 

productions 

● To prevent life-

threatening workplaces 

● Have a low cost 

Governments    

Ontario Ministry of Labour Regulate the working conditions 

related to confined space[8] 
● The design must meet 

OOHSA 

Employment and Social Operate the SAWP(The Seasonal ● Easy to operate 
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Development Canada Agricultural Worker Program)[9] ●  Provide guidance to 

workers  

Organizations and Unions     

UFCW (The United Food 

and Commercial Worker 

Union) 

Protect workers’ rights, concern 

about wages, workplaces [10], 

establish a regulation for enclosed 

space[11] 

● To prevent life-

threatening workplaces 

Individuals     

TFWs (Temporary foreign 

workers) 
Improvement for a healthy, safe 

workplace 
● Easy to operate 

●  Prevent life-threatening 

workplaces, provide 

guidance to workers  

 
 

1.3. Functions  
The functions display the actions required for the design to work. We identify separating specific masses 

as the functional basis.  The functional basis addresses the masses as human beings and masses that are 

potential hazards or cause hazards physically threatening the health of employees to occur mentioned in 

the fermentation process’s current state (see Appendix-F). 

  
1.3.1 primary functions   

● Convey accurate information related to the workplace regularly, to prevent employees working 

under life-threatening conditions (i.e. confined place, carbon dioxide leak) 

● Prevent human contact with harmful masses(chemicals, CO2 etc.) and hazards(high temperature) 

identified in the current state ((See Appendix-F)  

 
 
1.3.2 secondary functions 

● frequently monitors the internal conditions of the chemical reactor 

● collect data for analysis to create a better solution in the future 

● provide physically accessible instructions to employees in the fermentation process room  

● warn workers of potential hazards and risks  

●  prevent unauthorized entry to the confined place 

● provide access to tank contents without human entry to hole 

● maintain oxygen level within the workplace at 19.5% to 23.5%[4] 

● Reduce harmful gases in the workplace to safe levels 
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1.4 Objectives 

 
These objectives were the measurable criteria for which the final design was chosen from its alternatives.  

The final design continues to meet and go beyond these objectives. 
 

Objectives Goals Metrics 

Should have a low cost The budget is 2000 

dollars[Appendix-D] 
Canadian dollars 

Should not exceed language 

requirements 
CLB 5  for speaking and 

listening, CLB 4 for reading and 

writing  

(CLB: Canadian Language 

Benchmark)[12] 

 CELPIP General Test 

(Canadian English Language 

Proficiency Index Program 

General test) 

Should be easy to operate 

 

 
 

The design should be operated 

by workers who receive training 

of less than 14 hours[13] 

Measure the training time 

The HEP (Human Error 

Probabilities) of the design 

should less than 1.0[14] 

Measure through THERP 

method (Technique for Human 

Error Rate Prediction)[14] 

Should solve safety issues 

within the fermentation process 
[See Appendix-A] 

 

Solve all 7 safety concerns  Indicated by the number of 

hazards from fermentation 

process take precaution 

against[15]  

 
 

1.5 Constraints 

 
The constraints aren’t set on the exact site of Filsinger’s Organic Food because the company has disclosed 

information on equipment, workers, and environment. In general, among all companies, information 

won’t be available and we won’t know if safety regulations are being followed. Thus, the final design 

adopted will already consider the largest public welfare with regulations as constraints. 
 
The design must: 

● have information on hazardous material used in the workplace, instructional use and warning for 

equipment(OOHSA)[Appendix-B][15] 

● be alterable for updating safety information (OOHSA) [Appendix-C] [15] 

● be physically accessible by workers (Freedom of Information and Protection of Privacy 

Act)[Appendix-C][16] 

● be usable by widest range of physical attributes(race, age, gender, etc) ISO 20282-1: 2006[17] 

● be used on a Raven Industries storage tank model “ROTATIONALLY MOLDED VERTICAL 

POLYETHYLENE TANKS Flat Bottom Dome Top Tank” [18] with size specifications from the 
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newsletter:    

“diameter≈2.3m.  height≈2.2m.  entry at top diameter≈.4m.  volume≈9 465 litres” [19]  

identified “closest to model 27053 2300 96 x 86 22” threaded fillwell, cover, heavy duty 3” 

fitting/siphon”[18] 
● not physical modification on the tank [client] 

● allow physical access to tank contents without worker physically entering the confined space of 

the tank [client] 

 
 

1.6. Service Environment 

The service environment describes the physical conditions and living things similar to Filsinger’s Organic 

Foods manufacturing environment. Examples are interior conditions due to climate and attracting pests by 

food processing[20].  The factory occupies around 375,000m2 and owns around 9 square kilometers. [21] 

 
1.6.1 Physical Environment  
Note: The confined space is defined as both the room for storage and the storage tank. 

 
Raven tank in Filsinger’s company: 

 
Figure1 Raven tank which is used as chemical reactor[22]:  
Diameter: 2.3m 
Height: 2.2m 
Entry at the top: 4m 
Volume: 2700 gallons[18] 
inner wall: Polyethylene[18] 

 
Storage Room in Filsinger’s company: 
Note: Not enough information is provided by the client and Filsinger’s company about how large the 

storage room is. Here we apply engineering assumption. 
The room is about 30 square meters large.  
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Figure2 Storage room[23] 

 
Apart from the confined space, yeast inoculation and alcoholic fermentation process occurs in  
barrels which release CO2 when opened. 

 
Figure3 Yeast inoculation[24]  
 
Other facts about the room: 
 
Note: We did not get any data from our client nor Filsinger’s company. The following environmental data 

is from other apple cider and apple vinegar factories. 

 
Oxygen content:  

● 20.9% in the surrounding [25] 

Temperature:  
● inside factory: approximately 26℃ [26] 

● near fermentation tank: around 36℃ [26]  

● temperature varies based on predicted Acetic acid produced [Appendix-E] 

● average temperature near window: 6.5℃ (may deviate)[27] 

pH for fluids used in factory:  
● water: 5.0[28] 

● vinegar: 2.8-4.5[29] 

● apple juice: between 3.0-4.5 [30]  

● 0.05%-1.5% Chlorhexidine(germicide) : 5.0(almost the same as water) [31] 

Humidity: 
● inside production line: around 98% 

● in the factory: 95% [32] 

 
1.6.2 Living things 
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There are other factors which may pose a potential threat to machineries, wood barrels  and workplaces. 

Primarily, bugs or fungi can carry viruses for workers. Living things which pose potential danger to 

quality and safety of manufacture are listed below: 
● red carpenter ants[33] 

● apple maggot [33] 

● aphids[34] 

● apple mealybugs[34]  

● codling moth[34] 

● fungi(Penicillium expansum, Monilinia, etc.) [35]   

 
 
 

1.7. Client Ethics and Values 

 
Our client is Dr. Michael Grossman, a former Chemist and current Criminal Defence Lawyer. After 

meeting with him, we gathered that he wants us to design protocols that will prevent any further 

accidents. In one of the newsletters, he states the “importance of a government-inspected workplace” and 

that we should argue for copies of law referenced documents to be posted in the workplace.[36]. After our 

research, we became aware of our clients strong views and opinion on the issue of workplace safety. His 

concern for this matter is evident, which in turn greatly inspired and motivated us. The objectives and 

constraints of this design take the safety factor to a legal and realistic level and our users,the workers, 

must be cared for accordingly.  

 

 

2.0 Detailed Design <Fermentation Safety System> 

The final design is composed of six components: two exhaust fans, a CO2 dual alarm, instruction boards 

and training workshop, industrial vacuum cleaner, a structural health monitoring system (SHMS) and 

extendable reaching tool.  

 

The instruction boards will be posted in the room the reactor is in, and the workshop will train the 

workers. This will provide them with the necessary safety guidelines they need to know before they start 

working at the factory. When the production process starts, high levels of CO2 may be released. The dual 

alarm detects a pre-set level of CO2  and sounds an alarm when it is exceeded. Following that, the exhaust 

fans will purify the air. Once the fermentation process is over, the vacuum can be used to clean out the 

tank. If needed the reaching tool can retrieve broken parts inside the reactor. Lastly, the SHMS will detect 

any damages in the reactor if any arise.These components were necessary requirements to create a safer 

working environment at Filsinger’s. This following section will explain:  

● Each component and its features 

● Changes made after the CDS to meet the client’s needs  

● How the final design fulfills the FOCs.  

● How this system is designed for safety, durability and maintainability 

 

Industrial Wall Exhaust Fans  

These fans will be mounted in a horizontal position. One fan compresses fresh air into the room where the 

reactor resides and the other forces the air out to maintain fresh, circulating air flow.   

This fan solves the safety issues within yeast inoculation, sedimentation, and filtration and fining parts of 
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the process. They are triggered by the CO2 dual alarm. The CO2 will  be circulated outside the room and 

clean outdoor air will be  circulated within the room to maintain safe breathing levels.      

(See features of fans in Appendix-G, Appendix-K) 

 

Remote CO2 Storage Safety Dual Alarm:  

The  alarm protects workers who work near the yeast inoculation of the process [Appendix-A] and the 

other processes where CO2  is released, especially confined spaces. An audible alarm and flashing visual 

indicator go off when the concentration of CO2 exceeds the pre-set level.  

There are two built in relays that can trigger the alarms at different user defined CO2 levels, as well as 

control for a ventilation fan to notify workers of high CO2 levels. This component of the design meets the 

OSHA (Occupational Safety and Health Administration) PEL (Personal Exposure Limit) Standard of 

5,000 ppm TWA (time weighted average) in a typical 8-hour workday[37]. 

(See Appendix-G for technical details) 

 
 

Instruction Boards and Training Workshop:  

The workshop and the instruction board for workers are used to educate them regarding the fermentation 

process along with their respective hazards.  

 

The workshop for workers must include following instructions:  

● The duties and rights of workers under the OOHSA  

● Common workplace hazards and safety issues, especially the safety issues within the 

fermentation process [Appendix-A] 

● Information and instruction requirements set out in the Workplace Hazardous Materials 

Information System (WHMIS) Regulation [38] 

(See Sample Instruction Board and Workshop Outline Book in Appendix-L)  

 

 Structural Health Monitoring System (SHMS):  

SHMS uses smart sensors to seek potential damages in the reactor. By being “smart” and having data-

processing capabilities, it increases the sensitivity of the sensors. This gives the possibility of autonomous 

structural monitoring, due to microprocessors, which reduces the risk of workers attempting to fix the 

problem themselves. Once damage has been detected, the network informs the users about potential repair 

solutions.  

This display of damages will notify workers regarding the tank. This allows them to decide whether it is 

safe to enter the room or notify their supervisor.  

(See Appendix-G for technical details.) 

 

Industrial Vacuum Cleaner 

Our design keeps workers out of the confined space by using this apparatus to clean the residual apple 

mash that produce in the fermentation process.  

 

When the conditions of the room are safe to enter, workers will place the long hose through the hole at the 

top of the tank to extract the residuals approximately a gallon/second. This method of cleaning enables 

workers to work safely and clean more efficiently. 
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Figure6 The industrial vacuum cleaner[39]  

 

(See Appendix-G for technical details) 

Extendable Reaching Tool  

This tool enables workers to remove any damaged parts in the tank without them entering a confined 

space. It is light and easy to use.[40] 

● Dimensions: L 58" x W 11" x 2" H (not extended). 

● Total weight: 3 lbs 

● Material: Aluminum 

● Includes: Brush attachment and mounting hardware 

Refer to Appendix-S for more features.  

 

Figure7 The description for each component of extendable reaching tool   
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Figure8 Visual aid of proposed reactor room using Sketchup software 

 

 
Figure9 Front perspective of room  

 

2.01 Fulfilling the client’s needs and our implemented FOCs 
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After the 3rd meeting, the client suggested the oxygen concentrator be replaced with 2 exhaust fans. The 

reason was the concentrators had many disadvantages (adds unnecessary machinery in the confined space, 

more expensive, harder to use) and it posed an additional hazard. If ethanol, which is fundamental 

towards the fermentation process, leaks from the tank and react with pure O2, a fire hazard may happen, 

thus, this scenario has been discarded. 

Figure4 The picture of chemical reaction equation[41] 

 
We are further reducing the risk of any confined space issues within the reactor. An extendable reaching 

arm should be used to retrieve broken pumps if needed .Instead of workers needing to go in the reactor to 

clean out any residual apple cider, and by avoiding any potential hazards, an industrial vacuum cleaner 

will be utilized to empty these heavy mashed solids quickly and safely.  

 

The following table explains in detail regarding how this final design fulfills the aforementioned 

objectives and constraints:  

Table1 

Functions How it fulfills:  

Convey accurate information  ● Instruction boards and workshops convey 

information regarding the safety hazards 

of the fermentation process.  

● inhibits workers from working under any 

hazardous conditions.  

Prevent human contact with harmful masses ● CO2 dual alarm monitors concentration of 

carbon dioxide regularly  

● notifies workers if the pre-set limit has  

exceeded, preventing them from being in 

contact with the gas.  

Reduce the risk of potential hazards within the 

fermentation process   
 

● Refer to the future state flow diagram 

[Appendix-F] 

 

Table2 

Objective  How it fulfills:  

Should not 

exceed 

language 

requirements 

● design relies on oral and visual components of learning - instruction boards 

and workshop. 

● workshop also uses both kinetic and visual aids to teach workers about the 

fermentation process, identify/respond to hazards, and how to use equipment.  

● CO2 alarm uses sound to notify workers of any potential dangers, and 

numbers to notify them of the CO2 concentration in the air.  

Should be easy 

to operate 
● design does not require workers to operate it with extensive steps.  

● CO2 alarm will automatically trigger the exhaust fans 
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● only required operation is using the simple extendable reaching tool and 

vacuum. 

Should solve 

safety issues 

within the 

fermentation 

process 
[See Appendix-

A] 

● design solves most safety issues within the fermentation process. Refer to the 

current state and future state flow charts [Appendix-A,Appendix-F] 

 

 

Table3 

Constraint How it fulfills:  

Have information on hazardous material used in 

the workplace 
● By using instruction boards and 

workshops. 

Be alterable for updating safety information ● Instruction boards and workshops can be 

updated according to OOHSA safety 

requirements. 

● CO2 monitor can be pre-set at any level 

according to safety requirements. 

Be physically accessible by workers (Freedom of 

Information and Protection of Privacy Act) 
● Workers have a role in maintaining the 

design, they are responsible for retrieving 

broken parts in the tank using the 

extendable tool.  

● Instruction boards will be posted in the 

room so workers can access at all times.  

Be usable by widest range of physical attributes 

(race, age, gender, etc.) 
● Design does not depend on the race, age 

or gender of an individual to operate.  

● only requires training and knowledge of 

safety protocols. 

Be used on a Raven Industries storage tank model; 

no physical modification on the tank  
● No alterations were made to the raven 

tank 

● Only necessary equipment was added to 

ensure safety of workers.  

Allow physical access to tank without worker 

entering confined space 
● extendable reaching tool and industrial 

vacuum allow workers to have access to 

the inside pump without going inside the 

tank.  

● avoids the risk of asphyxiation and any 

other confined space hazards.  

 

2.02 Design for Safety, Durability, Maintainability Considerations  
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The fundamental priority of this design was to keep safety. 

● motive of this design was to maintain and improve safety for workers 

 

● This design was devised by anticipating circumstances that might lead to severe fatalities, and as 

a result protective warning systems and operational protocols were implemented to avoid such 

losses. [42]  

● Primary strategies used to encounter the safety issues:  

 
Figure5 The screenshot from An Introductory Textbook[42]  

 

● Durability was a main concern, the design needed to to be efficient and effective in maintaining 

the safety of workers at all times the design meets the client’s needs while the  components of the 

design retain certain life expectancies and warranties from manufacturers, for example the CO2 

sensor life expectancy is 15 years.   

 

● In terms of maintainability, if a part of the design needs to be  repaired, other parts can be 

untouched and won’t be influenced by it, since all parts are separate The repair process for each 

part and other parts should not be repaired together, since some parts can even keep working.  

The repair for each part has been optimized to be operated easily and has a low cost and a high 

safety index. 

 

2.1. Regulations, Standards, and Intellectual Property  

 

Within Table.4 are regulations, standards, intellectual properties, and codes relevant to Ontario area for 

the production of the design. 

 

Table4 Regulations, Standards, and Intellectual Property 

Regulation/Standard/intellectu

al property 
specifics effect on design 

OOHSA Sections of focus: 
● Part IV Toxic 

Substances 

● Workplace Violence 

and Harassment: 

Understanding the Law 

● Internal Responsibility 

● Design must meet 

regulation:Details on 

Instruction board and 

workshop 

● constraints: design must 

follow regulations 

● implementation:make 
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System 

[Appendix-C] 
sure regulations are 

followed continuously  

Workplace Hazardous Materials 

Information System 

(WHMIS)[43] 

Canada’s national hazard 

communication standard: 
● hazard identification 

● workplace labels 

● WHMIS symbols 

Design must incorporate 

WHMIS to meet  OOHSA 

regulations:  
● workers will find this 

accessible on instruction 

board 

● details of product 

materials 

ISO 9001:2008 
Quality Management Systems 
 

Product standard to 

continuously improve and apply 

system effectively for customer 

satisfaction 
[44] 

Functions of the design:  
● collect and use data to 

improve design 

ISO 6242-2:1992 Air purity 

requirements[45] 

Method standard for air quality 

to be “identified, expressed, and 

quantified” [45] 
 

Design details:  
● clear communication 

reporting  

Objectives:  
● ways for workers to 

communicate effectively 

●  help reduce dependency 

on english for job 

“Method for structural health 

monitoring using a smart sensor 

system US 7917311 B2” 

[46] 

 

Details on patent publication, 

patent owner, schematics, 

properties 

Cost:  
● buy right to manufacture 

own version of product 

(this component is 

modified for the 

structure of the Raven 

storage tank) 

 
● implementation 

requirements 

ASHRAE Standard 62.1-2013 

[47] 

American Society of Heating, 

Refrigerating, and Air-

Conditioning Engineers 
● standardizes 5000pm 

concentration of CO2 

● borders to unsafe 

concentration within a 

room 

 

Implementation: 
● CO2 detector must be set 

to recognize this 

concentration or adjusted 

to increase safety factor 

● testing response of Co2 

detector is accurate 

Small Business Health and 

Safety Program[48] 

Guideline to following 

regulations: standard 
Design details: 

● workshop and 
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instruction board 

guideline  

Testing:  
● checklist for  language 

requirements and 

training compatible with 

workers 

 
 

ANSI/ASHRAE 62.1,  
[47] 
 

Standard for continuous 

maintenance: Ventilation for 

Acceptable Indoor Air Quality 

 
 

Implementation: 
● refer to standard for 

maintenance, requires 

scheduled maintenance 

● testing guideline 

 

 

 

See the details on OOHSA Regulations in [Appendix-H] 

 

2.2. Testing  

 

Note:Purchases are required for ISO tests. Therefore, some of the tests below will not have a detailed 

description.  

 

Table5 

Objectives Test object Test Method 

Should not exceed 

language requirements 

Language requirements 1. Match standards with CLB level 

5[Appendix-M] 

2. CELPIP General Test[49] 

Should be easy to operate 

 

 

 

Training Program test methods for stationary training 

equipment(ISO 20957-1:2013)[Appendix-N] 

The HEP(Human Error 

Probabilities) 

CRR 373/2001: Proposed framework for 

addressing human factors in IEC 61508 [50] 

Should solve safety issues 

within the fermentation 

process 

(TFW stakeholder interest) 

Detection of carbon 

dioxide 

Sampling strategy for carbon dioxide (ISO 

16000-26)[51] 
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2.3. Implementation Requirements 

 

The client, workers, and managers of Filsinger’s Organic Whole Foods must consider the following to 

implement the design. Implementation includes installation of system products, integration of safety 

requirements, and that product are synced and work efficiently together. The design team is not 

responsible for installation or upkeep of design. 

 

 

Implementation Task specifics Involvement 

purchase system 

components 
● components of the design must be ordered 

from separate companies 

● Filsinger’s 

Implementation 

analysis 
● Measure/outline room specifications, 

location of room in building, and power 

sources  

● scout damage prone areas on tank for 

SHMS integration[54]  

● plan renovation for Dual wall fans - walls 

need to be modified to fit fan, fan must 

reach and circulate fresh air (outside of 

building) where harmful gases can be 

dispersed 

● setting up the workshop, participants 

include all employed while employer and 

selected employees can teach the workshop 

● workers 

● product services 

● electricians 

● contractor 

●  renovator 

● Filsinger’s employees 

and employer 

Installing system ● Hire electricians for electrical wiring and 

access to power 

● Hire technician to install SHMS to tank 

● Hire product service from each component's 

company to install parts[52][53]  

● Set CO2. level to standards  

● Schedule annual maintenance dates (from 

each component’s product company) for 

CO2 detector, SHMS, wall fans 

 

 

● workers/Filsinger’s 

company 

Employer(s) 

ensure safety 

standards are 

followed (design 

system works in 

long term)[15] 

● Employees currently working and new 

employees must must be trained 

(supervisors themselves must be aware of 

their own expectations and responsibility 

within the workshop) 

● Company policy signed 

Ministry of Labour inspectors, 

supervisors and employers of 

Filsinger’s, workers 
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● Information made available in building, 

physical copies given to workers and posted 

in accessible location within building 

● scheduled inspection of workplace 

 

 Organizational 

structure 
● Supervisors and workers must be made 

aware of their responsibilities and rights 

● Workers can alternate between safety 

supervising  authority /position (makes 

system  more efficient when employees are 

given extra responsibility to be attentive 

and use knowledge from workshop)[42] 

● documentation from workers and company 

should send a copy directly to ministry of 

labour, and worker accessible storage for 

records(allow workers to take action if 

rights ignored etc.) 

employer, supervisors, 

workers, Ministry of Labour 

 

 

2.4. Life Cycle and Environmental Impact 

 
Figure9 Overview LCA scoped resource extraction 
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Figure10 Left side of LCA 
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Figure11 Right side of LCA 
[55][56][57][58][59][60][61][62][63][64][65][66][67][68] 

 

Table6  Positive impacts in design use 

Positive impacts Source of impact Improvement 

Easily compatible with 

renewable energy sources  
service environment implementation of renewable 

energy into system 

 

Table7 Negative impact in design use 

 

Negative impact Source of impact Mitigation Strategy 

Electricity dual alarm CO2 detector Solar power 

Disposable batteries 
 

SHMS Rechargeable batteries 
request service from product 

company to repair or clean 
[69]  

Sound pollution Dual alarm Design is 80 db under the 

qualified Ontario workplace 

exposure limits  (safety reasons 

alarm for its purpose must be 

loud enough to alert 

employees)[70]  

See Appendix-P. for more info on LC impacts 

 

2.5. Human Factors 

 

This table indicates how our team’s proposed design addresses the human factors at a team, physical, and 

psychological level of the Human-tech ladder.  

 

Table8 Human Factors 

Human Factor How it is addressed 

Physical Acquire workers’ attention to prevent danger 
● Dual alarm, which is both audible and visual 

Reduce HEP (Human Error Probabilities)[14] 
● The operation of alarm and exhaust fans are automatic. 

Prevent workers from entering confined space 
● Extendable Reaching Tool 

● Industrial Vacuum 

Ensure safety for whole working space 
● The CO2 sensor is set on the nearest wall to the reactor in order to detect the 
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possible highest concentration. 

● The exhaust fans are placed on the two sides of the room, to generate air 

convection. 

Psychological Workers are not familiar with potential hazards and may panic 
● Mandatory safety training allows them to be confident before going to work 

● Under emergencies, workers can follow the instructions which are shown in 

the workplace, instead of panicking and potentially making things worse.   

Team Setup authority levels within the employees. 
● Supervisors develop the safety workshop and ensure any actions in the 

workplace are following regulations. 

● Workers are responsible of reporting any dangerous conditions to 

supervisors. 

 

 

 

 

2.6. Social Impact 

 

The following is a list of the affected stakeholders. It shows how our design has tried to increase the both 

safety of the workers and benefit to manufacturers.  

 

1. The community of the TFWs (temporary foreign workers) 

● Lower working risk 

● New workers feel safer 

● Reducing the difficulty of operation 

      2.   Employment and Social Development Canada 

● More foreign workers participate in SAWP (The Seasonal Agricultural Worker Program) 

due to the safer working condition.   

      3.   UFCW (The United Food and Commercial Worker Union) 

● Strengthen its responsibility of protecting workers’ right 

      4.   Apple Cider Vinegar Manufacturers 

● Greater quality of food products, because the ingredients will not be affected by damaged 

equipment/ harmful gases. 

● Improved reputation 

● Attracts more workers to the company 

● Lower expenses on workplace safety 
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2.7. Economics    

The following table outlines the costs of the entire design.  

 

CAPITAL COSTS  

 

Components Price 

Remote CO2 Storage Safety Dual Alarm [37] $495 

Industrial Wall Exhaust Fans [71] $663 

Structural Health Monitoring System (SHMS) [102] $684 

Industrial Vacuum Cleaner [101] $430 

Extendable Reaching tool [40] $34.95 

Total $2306.95 

 

FIXED OPERATING COSTS 

 

Labor Cost 

Electrician to install SHMS Depends on hourly wage rate 

Technician to install exhaust fans [Appendix-Q] Depends on hourly wage rate 

 

VARIABLE OPERATING COSTS 

 

Components Cost 

Maintenance of exhaust fan: 
-For the first 3 years (warranty)  [71] 
-After 3 year mark [72] 

 
-Free 
-Range: $110-$218 

 

EXTERNAL COSTS 

 

Expense Cost 

Disturbance of neighboring homes/offices.. due to noise from dual alarm N/A 

 



Engineering Strategies and Practice 

3.0 Updated Project Management Plan 

    Project Milestone 

Task Time 

Start date Due date 

Interview with the client Jan 22. 2015 Jan 22. 2015 

Scope the current gap Jan 23. 2015 Jan 26. 2015 

Identify the FOCs Jan 27. 2015 Jan 28. 2015 

Project Requirement report Jan 23. 2015 Feb 2. 2015 

Project Requirement report approved by Project Manager Feb 24. 2015 Feb 26. 2015 

Consult with the client about final five solutions Feb 26. 2015 Feb 26. 2015 

Decide the conceptual solution Feb 27. 2015 Feb 28. 2015 

Conceptual Design Statement report Feb 3. 2015 Mar 2. 2015 

In-tutorial Presentation Mar 16. 2015 Mar 16.2015 

Conceptual Design Statement report approved by Project 

Manager 

Mar 18. 2015 Mar 18. 2015 

Meeting with the client about final design Mar 23. 2015 Mar 23. 2015 

Final Design Statement report Mar 16. 2015 Mar 30. 2015 

Final Presentation  Apr 15. 2015 Apr 15. 2015 

 

 

4.0 Conclusion/Recommendation 

The design team added new information from the clients feedback and modified the chosen design.  The 

functional basis has changed to separating mass. This described the design’s capabilities of using both 

physical and communicative aspects to protect workers from potential risks. The vacuum, industrial wall 

fan, and extendable tool were added to address more hazards and integrate the design better with 

Filsinger’s method of fermentation.  Many standards were referenced to ensure design implementation, 

testing, costs, and components of the design met OOHSA regulations.  While meeting constraints and 

objectives, the final design has been supported with research and critical thinking to provide an 

integratable, safe solution for Filsinger’s Organic Whole Foods. This document concludes the preparation 

of any documents to be submitted for revision by the client, and the client is invited to attend the final 

presentation on April 27, 2015.  
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Appendix-A: Flow chart of entire process and its safety issues 

 

 

 
 

 

SAFETY CONCERNS: 

 Figure 1: Yeast Inoculation -- Fermentation facilitates purely anaerobic conditions or partial anaerobic 

conditions (where oxygen is added directly into the liquid substrate with mechanical or pumped stirring at 

the same time) for the bacteria to grow and ferment. In these processes carbon dioxide is produced from 
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yeast, which is necessary for alcoholic fermentation. In such phases of the process, workers are exposed 

to great levels of carbon dioxide.[73] 

  

  

Yeast Inoculation/Sedimentation. - For some processes human manually add, mix ingredients which 

exposes to them to heat, gases build up from within the tank without proper equipment can lead to minor 

injuries.[73] 

  

Figure 2: Filtering and Fining && Alcoholic Fermentation -- Occurrences such as clogging can break 

equipment, and adding ingredients require human intervention posing a risk. These situations are 

magnified in the continuous fermentation method where C02 and the product are produced non-stop.[73] 

  

Figure 3: Fire Hazard: Some chemicals in the Alcoholic Fermentation process are toxic, flammable 

corrosive and may be dangerous if not used properly. Some workers may be unaware of the level of 

flammability of the chemicals they are working with.[74] 

  

Figure 4: Bacterial Inoculation -- [MICROBIOLOGICAL HAZARD]  Bacteria build up in the pipes of 

the process; can cause damage to the reactor itself and pose a risk of workers needing to fix the issue by 

themselves.[74] 

  

  

ENTIRE PROCESS: 

Cleaning and after process - refitting yeast plug, small mistakes occur, workers easily overcome by 

asphyxiation  CO2 in more dense than air and can create “pockets” over the ground in containers and 

confined spaces can be dangerous even during packaging and bottling.[75] 

  

Space of Tanks/Reactor - confined space of the tank or the where fermentation takes place inhibits 

movement in that area. As a result this causes the movement of workers to be obstructed and can be 

exposed to hazards. This prevents them from utilizing safety measures/protocols in such tight spaces and 

thus increases the buildup of carbon dioxide and oxygen deficiency. 

  

Unpasteurized cider/juices: “In the last decade in North America over 1,700 people have fallen ill after 

consuming juice and cider. Most of these outbreaks involved unpasteurized juices and ciders such as 

apple cider, orange juice and lemonades. E. coli and Salmonella can make you very sick. For instance, 

some people get permanent kidney damage (hemolytic uremic syndrome or HUS) from E. coli infections. 

Others have died. Hepatitis can cause liver damage. Botulism impairs nerve transmission and in severe 

cases causes deaths. Cryptosporidium causes prolonged diarrheal illness.” Workers may not be aware of 

whether the process has produced unpasteurized or pasteurized apple cider. [76] 
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ACETOBACTER 

TEMPERATURE RANGE:under 30 degree Celsius  

C6H12O6+6O2==some conditions==6CO2+6H2O 

1. Alcoholic fermentation, which converts natural sugars into alcohol. 

2.  
 

3. Acid fermentation in which acetobacter, microorganisms present in the air we breathe, converts 

the alcohol into acid. 

 
 

 
Notes on this process: 
 
-Yeast and bacteria needed for fermentation require abundant oxygen, stable living environment for the 

yeast to reproduce generally keeping the temperature under 30 degree celsius 

-   The process may maintain a separate set of conditions and temperature for yeast and acetobacter aceti 

- C2H5OH is mixed with the liquid and acetobacter aceti to produce CH3COOH 

- One of the products of alcoholic fermentation is CO2 gas is released 

-erosion of the internal container  may occur from CH3COOH 

-workers must frequently adjusting and check the concentrations within the tank 

- over-reproduction of  bacterias may occur in tanks or during filtration 

Different methods used in industry 

homogenous reactor 

 -reuse yeast cells in next batch of fermentation because yeast cells already accumstomed to the 

conditions[77] 

heterogeneous bioreactor 
-twp phases, yeasts is solid and immobile increasing density and viability 
-increased protection from unfavorable conditions (lacks oxygen) 
-fermentation rate needs to increase because process is slower thus needs airflow[77] 

 
generator process 
-tanks of wood/steel 50 000 to 60 000L 
-surface area of bacteria exposed to oxygen and immobilized in power, part of the bioreactor 
packing material made of beach wood chips added to increase oxygen 
-oxygen, liquid, added while vinegar circulates to change concentration of acetic acid[77] 
 
submerged process 
-10 000 to 40 000 L 
-commercial process 
-bacteria freely submerged while mechanically stirred/ or pumping air 
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-air flow out of the top and oxygen added in the liquid, finished product comes out at surface level and 

substrate added simultaneously into bioreactor[77] 
 
           
 

 
Figure11  General structure of batch type bioreactor[78] 

 
 

Appendix-B 

 
The following is research and commenting on case of Fislinger’s Organic Foods:[6] 

 
“Four people were charged as employers for violations of regulations under the Ontario Occupational 
Health & Safety Act[i] in relation to the deaths of workers Paul Roach and Ralston White.[ii] 
  
On 10 September 2010,[iii] both workers had entered a confined space used in the manufacture of apple 
cider vinegar.[iv][v][vi] From the industrial process,[vii] that space apparently came to contain carbon 
dioxide[viii]   

O=C=O 
CAS[ix]  124-38-9  [x][xi]   
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-- an asphyxiating gas.  Both were seasonal migrant workers,[xii] by a federal government program, in 
Canada from Jamaica for the purpose of farm work.  Both had worked at Filsinger’s Organic 
Foods,[xiii][xiv] Ayton, Ontario, over several years.[xv]”   [6] 
 
  
 
“According to Filsinger’s website,[i][ii] its organic products retailers include The Big Carrot,[iii] 
Toronto.  According to its website[iv] 
  

The Big Carrot is committed to carrying Fair Trade products, in support of programs set up to 
counteract social injustice. You can find the Certified Fair Trade Logo in many of our products such 
as certain coffees, sugar, teas and chocolate. 

  

The Fair Trade principles, as explained by TransFair, are: 
… 

·               Fair labour conditions: Workers on Fair Trade farms enjoy freedom of association, safe 
working conditions, and living wages. Forced child labour is strictly prohibited.     
            … 

  
The label[v][vi][vii] on a bottle of “Filsinger’s / Organic Foods / 945mL / unfiltered /  Organic Apple Cider 
Vinegar,”[viii][ix] purchased at The Big Carrot,[x] bears the Canada Food Inspection Agency “CANADA 
ORGANIC”[xi][xii] Logo[xiii][xiv] and “CERTIFIED ORGANIC BY Pro-Cert.”[xv]  
  
That label apparently does not mention OCIA.  The Filsinger’s website apparently mentions neither[xvi] 
“CANADA ORGANIC” nor “Pro-Cert.” 
  
The “General Principles and Management Standards CAN/CGSB-32.310-2006” that appears to be 

referenced from “CANADA ORGANIC” does not appear to address labour or workplace health and 

safety issues. “  [19] 

 
Also, it appears from the court transcript, that Filsner’s was both “… a farm and industrial 
establishment …”[i]  This is consistent with the described apple cider vinegar process.  It is also consistent 
with the charges[ii] in the information document under Reg. 851 for INDUSTRIAL 
ESTABLISHMENTS,[iii] s.119.4, 119.8, 119.10, 119.13, 119.17, 119.19.  These are confined space 
provisions.[iv]  Were Filsner’s simply a farm, and not also a place for the manufacture of apple cider 
vinegar, the farm regulations would exclude[v][vi] confined space for specific regulation. 
  
Also, it appears from the court transcript,[vii] and from news reports,[viii][ix] that one of the four 
owners was also a supervisor within the meaning of the OH&S Act.  He was the lone participant actually 
convicted, by-way-of a guilty plea, 10 January 2012, to only one count[x][xi] of the eight-count 
information document.[xii][xiii][xiv][xv][xvi][xvii] The penalty was a fine of $22 500[xviii] + the usual 
25% surcharge.[xix] An apparent plea bargain[xx][xxi] led to this result, and all other charges were 
withdrawn.[xxii][xxiii]  All four accused were apparently represented[xxiv][xxv] by the same 
lawyer.[xxvi][xxvii] 
  
From the court transcript, the lone employer who plead guilty had given training instructions “… which 
included a strict prohibition from entering the tank …“[xxviii]  Two workers, however, did so.  Other than 
this warning, there did not appear to be documentation or indication of confined space procedure.  The 
court found that that warning was not sufficient;  and I agree. 
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This case is remarkable in several ways: 
  
First, the dangers of confined space gases are so well known, obvious, and so easily addressed for 

prevention, that the tragedy should not have happened.  
“It is critical to examine whether or not these men received safety equipment, what education and 
training they received or if they were provided information relating to their rights under the 
Occupational Health and Safety Act. J4MW further argues that the structure of the Seasonal 
Agricultural Worker Program (SAWP) and the Temporary Foreign Worker Program (TFWP), 
which employ approximately 30,000 migrant farm workers in Canada, denies migrant agricultural 
workers labour mobility and the ability to exert rights. Fear of reprimand--firings, 
repatriations/deportations and permanent disbarment from working in Canada--is a constant 
concern for many workers, whose employment and ability to work in Canada depends largely on 
their employers' approval.”  [79] 
Court Transcript[6] 
“Mr. Brandon Weber is an employer and supervisor for workers at Filsinger's.  On September 10th, 
2010, three workers for Filsinger's were involved in cleaning out a tank that was used in the 
production of apple cider vinegar.  The tank was about 7 feet 8 inches in diameter, and about 7 feet 
2 inches in height.  The tank was standing upright.  There was an opening on top of the tank that 
was about 15 inches in diameter.  The tank capacity was about 2,700 gallons of fluid.  Most of the 
contents of the tank were emptied out before this date.  There were about 200 -250 gallons of 
fermenting cider still left inside the tank.  Your Worship, for your assistance, I have a photograph 
of the tank.  It's on its side in the photograph, but that's the tank in question that the Crown is 
referring to. 

  
EXHIBIT NUMBER 1: 
Photo showing tank. 
- produced and marked. 

  
MR. FUKUZAWA:   A worker named Paul Roach used a ladder to get on top of the tank, and he lowered 

into the opening a sump pump to remove the remaining contents inside the tank.  The pump did not work. 

Mr. Roach removed the pump, descended off 
  
[transcript page 5] 
  
of the tank, and washed out the bottom of the sump pump.  He then got back on top of the tank, lowered 

in the sump pump and tried again.  It did not work again. Other pumps were available, but were not used 

by Mr. Roach.  For the second Exhibit, Your Worship, I just have a photograph of the sump pump, so you 

can see it, it's lying on the ground. 
  
THE COURT:  Thank you, Exhibit 2 then. 

  
EXHIBIT NUMBER 2: 
Photo showing sump pump 
- produced and marked. 

  
MR. FUKUZAWA:  Mr. Roach descended the ladder off of the tank, and then obtained another ladder 
from an outside scrap metal pile, contrary to the training instructions provided to Mr. Paul Roach by Mr. 
Weber on clean out procedures, which included a strict prohibition from entering the tank, and also 
received…… despite receiving warnings from two fellow workers, made before entering the tank, that he 
was not to enter the tank, Mr. Roach, nonetheless, climbed a ladder to the top of the tank, bringing 
him…… bringing with him the ladder that had been discarded by Filsinger's as scrap. Mr. Roach lowered 
the scrap ladder into the 
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[transcript page 6]  
  
tank, and proceeded to squeeze through the opening and climb down into the tank. Neither Mr. Weber, 
nor any of the other owners of Filsingers, were present when this was being done, and accordingly, Mr. 

Roach's decision to enter the tank was not known to them.  Almost immediately after entering the tank, 
Mr. Roach passed out. Mr. Ralston White, who also received the same training instructions from Mr. 
Weber as did Mr. Roach, and who was one of the fellow workers who warned Mr. Roach not to enter the 
tank, nonetheless chose to attempt a rescue of Mr. Roach.  Almost immediately after Mr. White climbed 
down into the tank, he too passed out.  The third worker on the scene, Mr. Robert Samuel, attempted to 
rescue Mr. White without entering the tank, by reaching into the tank for Mr. White's hand.  He was not 
successful.  Mr. Samuel left to obtain assistance.  Brandon Weber, as an employer, did not have bars or a 
similar device installed across the small opening on the top of the tank.  Although such a device may have 
had to be removed to perform the tank cleanout, the device would have served as a preventive measure 
and further reminder or warning to Filsinger's employees that they were never to enter the tank.  Brandon 
Weber failed…”[6] 
Note on transcript “(The text below is from the Verbatim Transcriptions of (Mrs.) Anita E. McNeil, 
Certified Court Reporter;  however, the text below is NOT a certified copy within the meaning of O.Reg. 
587/91;  the text below is intended for public policy discussions.)”[6] 
  

“The apple-cider tank at Filsinger’s measured about 7 feet 8 inches in diameter and 7 feet 2 inches in 

height, and had the capacity to hold 2,700 gallons of fluid. At the time of the accident it contained 200-

250 gallons of fermenting cider. The workers, who apparently had been told by their employer to clean 

out the tank, entered this space through an aperture approximately 15 inches in diameter. 

  
Following well-known and easily understood confined space protocols could have prevented the deaths of 

Mr. Roach and Mr. White. Simple signage attached to outside the tank could have been used to warn the 

workers of the hazards that lay within. Since deaths in confined spaces often occur because there is an 

oxygen-deficient or toxic atmosphere, the atmosphere in the tank should have been tested prior to entry 

and continuously monitored. Mr. Roach should have been equipped with a retrieval line and harness, so 

that he could be pulled to safety by co-workers if overcome. Finally, because the tank could not be 

adequately ventilated, Mr. Roach should have been provided with properly fitted respiratory protective 

equipment prior to entering the tank. 
  
The purpose of a Coroner’s Inquest is to answer the five questions of who, where, when, how and by what 

means a death occurred. According to a plea agreement reached between the Ontario Ministry of Labour 

and a supervisor/owner of Filsinger’s, Mr. Roach and Mr. White chose to enter the cider tank despite 

being warned by their employer at some unspecified juncture not to do so. Court transcripts state further 

that on the day of the accident, Mr. White reminded Mr. Roach of the prohibition before Mr. Roach 

entered the tank, and decided to follow him in after Mr. Roach was overcome. 
  
This account of the events of September 10, 2010, leaves many puzzling questions unanswered. What 

were Filsinger’s workers told about confined spaces, including the cider tank, and when? Did the 

employer have a written plan with respect to confined spaces? Why didn’t the employer take the 

precautions outlined above to prevent this tragedy? Why did Mr. Roach and Mr. White feel compelled to 

enter the tank despite allegedly being told not to? Did inspectors from the Ministry of Labour alert the 

owners and employees of Filsinger’s to the obvious dangers presented by the cider tank prior to the 

accident?” 
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Appendix-C 

The following are regulations taken off Service Ontario E-Laws Website : 

 
Objective: Under the subheading of Duties of employers 
it states “(h) take every precaution reasonable in the circumstances for the protection of a worker; [14]” 

 
Ontario Occupational Health and Safety Act 
Under chapter 37. of Part IV Toxic Substances 
 
“Hazardous material not to be used 
(3)An employer shall ensure that a hazardous material is not used, handled or stored at a workplace unless 

the prescribed requirements concerning identification, material safety data sheets and worker instruction 

and training are met. R.S.O. 1990, c. O.1, s.37 (3).[80]” by Ontario Government. 
 

 
“Hazardous material identification and data sheets 

37.  (1)An employer, 

(a) shall ensure that all hazardous materials present in the workplace are identified in the 

prescribed manner; 

(b) shall obtain or prepare, as may be prescribed, an unexpired material safety data sheet for all 

hazardous materials present in the workplace; and 

(c) shall ensure that the identification required by clause (a) and material safety data sheets 

required by clause (b) are available in English and such other languages as may be 

prescribed. R.S.O. 1990, c. O.1, s.37 (1).[80]” by Ontario Government. 

 
Under chapter 41.of Part IV Toxic Substances: 
“Hazardous physical agents 

41.  (1)A person who distributes or supplies, directly or indirectly, or manufactures, produces or 

designs a thing for use in a workplace that causes, emits or produces a hazardous physical agent when the 

thing is in use or operation shall ensure that such information as may be prescribed is readily available 

respecting the hazardous physical agent and the proper use or operation of the thing.[80]” by the Ontario 

Government. 

 

Under Ontario Regulation 632/05 Confined Spaces 
“Training — projects 

9.1  (2)  The employer shall ensure that every worker who enters a confined space or who performs 

related work receives adequate training to perform the work safely, in accordance with the relevant plan. 

O. Reg. 95/11, s. 8. 

(3)  Training under subsection (2) shall include training in, 

(a) the recognition of hazards associated with confined spaces; and 

(b) safe work practices for working in confined spaces and for performing related work. O. Reg. 

95/11, s. 8.” by the Ontario Government. 

 

“Preventing unauthorized entry 

http://www.e-laws.gov.on.ca/html/statutes/french/elaws_statutes_90o01_f.htm
http://www.e-laws.gov.on.ca/html/regs/french/elaws_regs_050632_f.htm#s9p1s1
http://www.e-laws.gov.on.ca/html/regs/french/elaws_regs_050632_f.htm#s9p1s1
http://www.e-laws.gov.on.ca/html/regs/french/elaws_regs_050632_f.htm#s9p1s3
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17.  If there is a possibility of unauthorized entry into a confined space, the employer or, in the 

case of a project, the constructor shall ensure that each entrance to the confined space, 

(a) is adequately secured against unauthorized entry; or 

(b) has been provided with adequate barricades, adequate warning signs regarding unauthorized 

entry, or both. O. Reg. 632/05, s. 17; O. Reg. 95/11, s. 9.” by the Ontario Government. 

 

 

 

 

FREEDOM OF INFORMATION AND PROTECTION OF PRIVACY ACT 

Under chapter 10.of Part II Freedom of Information: 

“Right of access 
10.  (1)  Subject to subsection 69 (2), every person has a right of access to a record or a part of a 

record in the custody or under the control of an institution unless, 

(a) the record or the part of the record falls within one of the exemptions under sections 12 to 22; 

or 

(b) the head is of the opinion on reasonable grounds that the request for access is frivolous or 

vexatious. 1996, c. 1, Sched. K, s. 1; 2010, c. 25, s. 24 (6).[81]”by the Ontario Government. 

 

 

 

Appendix-D 

The budget is set according to the client’s suggestion, but the cost can vary depend on the solutions. 

 
 
 
 

Appendix-E   

Notes on Fermentation Process 
 

http://www.e-laws.gov.on.ca/html/regs/french/elaws_regs_050632_f.htm#s17
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Figure12 The table of temperature varies based on predicted Acetic acid produced[82] 
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Appendix-F: Flow chart of future state and safety issues solved  

 
SOLUTIONS FROM THE FINAL DESIGN: 
Our design solves most of the safety issues that are outlines as red in the previous current state flow 

diagram of the entire manufacturing process of apple cider vinegar. 
  
Figure1 :Yeast Inoculation – The CO2 dual alarm notifies workers of exceeding levels of CO2 that will 

be harmful to workers. As a result of this alarm, the exhaust fans will operate to reduce the levels of CO2 

in the room of the reactor. 
Figure 2/3: Filtering and Fining && Alcoholic Fermentation – In the case of any damages that occur upon 

the reactor, the Structural Health Monitoring System and it’s smart sensors detect the complication 

immediately and notifies workers of any damages. 
Fire Hazard – The workshop that we have used to educate workers of their working environment also 

makes them aware of any hazardous material and the technique used to deal with such situations. The 

workshop and instruction board notifies workers of any type of potential hazards that may occur at 

anytime within the process. 
Cleaning and after process. The design can monitor the concentration of CO2 and alert workers if the 

concentration exceeds the standard and may cause threat to life. With alarm, workers will not go into a 
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confined space, then the exhaust fans release CO2 and enable workers to get in and clean the reactor 

under a safe condition with vacuum. 
Unpasteurized juice. The workplace has specific instruction to teach workers to identify harmful bacteria 

and handle them. 

 
 
 

Appendix-G 

 
 These fans consist of [71]:  

● Glass-filled, high impact polypropylene fan blades are powered by a wash down, severe duty ball 

bearing motor.  

● Sealed motor is Class F insulated and features automatic thermal protection for low maintenance.  

● Motor is housed in die cast aluminum and offers a labyrinth seal between housing and impeller 

guard to keep out moisture.  

● Vacuum formed, heavy duty fiberglass frame features corrosion resistant wire guards on motor 

side for safety.  

● UL507 certified for outdoor use. C-UL recognized.  

● 3 year limited warranty.  

 
Some features of this alarm is [37]:  

● Sensor connects with Remote Display Unit 

● 80dB Audible and visual alarm indications  

● Measurement range: 0-5% (50,000ppm) CO2 sensor  

● Alarm Response Time: < 60 seconds  

● Operating Temperature: 0-50 degrees celsius   

● Sensor Life Expectancy: 15 years 

● Dual Beam NDIR (Non-Dispersive Infrared) technology is used to measure CO2 concentration 

up to 50,000ppm  

● Meets NBIC (National Board Inspection Code) for CO2 Storage Monitors     
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The essential features of this smart sensor are [46]:   

  

● On-board microprocessor 

○ Programs can be installed in the microprocessor, which allows these sensors to save data, 

compute desired calculations, make certain decisions and send any type of results 

instantaneously. This processor can also control the time the sensor will be awake in 

order to be environmentally friendly. 

● sensing capabilities 

○ to convert the physical state of an object such as temperature, light, sound or motion into 

electrical or other types of signals. Data acquisition parameters, such as sampling 

frequency and data length can be controlled by the processor.  

○ provides the interface between the processor and the real world physical things 

● wireless communication  

○ These sensors communicate through a wireless link.  

○ converts analog signals (any continuous signal) to digital signals (a quantified discrete-

time signal) prior to radio frequency(RF) transmission 

● Battery-powered  

○ can be powered by local batteries  

● Low Cost  

○ Micro-Electro-Mechanical System (MEMS) devices, which are the integration of 

mechanical elements, sensors, actuators, and electronics, are often used for sensors 

because of their small size, inexpensive cost (when mass produced), and low power 

consumption.  

○ inexpensive installation cost due to wireless communication.  
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Vacuum  components are[39]:   

● can extract liquid at approximately a gallon a second 

● discharge of liquids is either by gravity low level dump valve, or by pump  

● Integral filter retains recovered solids 

● 3m of 63 mm polyurethane suction hose  

● scraper tool - 1m of 63mm aluminum  

● external pump has a variable discharge rate from 0 to 35 L/min 

● runs from a single 13 amp 230 volt power plug; 230v, 115v, compressed air are power options 

● discharge hose is 10m 

● includes a floor wall & ceiling hand toolkit  

 

 

Appendix-H 

Table.Detailed on OOHSA Regulations 

Regulation/Standard/intellectual 

property/code 
specifics effect on design 

OOHSA 
Toxic Substances[83] 

 

government regulations for 

employer responsibilities and 

due diligence 

-abide government regulation: 

source of communication 

between workers and employers  
 provide Material Safety Data 

Sheets (MSDSs) 
provide training 
provide info on hazardous 

substances 

OOHSA 
Workplace Violence and 

Harassment: Understanding the 

Law[84] 

government regulation 

associated with Ontario’s 

Human Rights Code[85] 
 

-abide government regulation: 
help supervisor/worker to take 

precaution 
encourage reporting 

OOHSA 
Internal Responsilbity 

System[86] 
 

“The Three Rights of Workers 
Right to Refuse 
Right to Participate 
Right to Refuse”[87] 

abide government regulation: 
-method to increase employee 

awareness 
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OOHSA 
Duties of Employers and Other 

Persons 

“prepare and review at least 

annually a written occupational 

health and safety policy and 

develop and maintain a 

program] to implement that 

policy;”[88] 

abide government regulation 
-workshop  
-constraint 

 

 

Appendix-J: Advantage and disadvantage for proposed design   

 

Relation to FOCs Advantage Disadvantage 

Functions This design includes 

physical(SHMS) and 

nonphysical(instruction boards, 

and a dual alarm) aspects  

It does not solve all issues 

Objectives 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Automatic (alarm and oxygen 

concentrator) 

 
SHMS does not use wires   

 
● battery operated 

equipment is set up incorrectly, 

it may take a while to find 

problem 
 
 if alarm does not go off, work 

space may still be insecure 
power outage alarm stops 

working and concentrator must 

be switched on manually 

items are easily purchased and 

set up 
 
SHMS is battery powered  

● saves electrical energy 

Exceeds the budget  

 

Constraints  
● Mandatory workshop for 

all workers 

● Instruction boards in 

every room containing a 

reactor 

careless workers try to get out of 

attending the workshop 

*Yeast inoculation occurs even if the reactor stops working; CO2 is still being released. 

 

Appendix-K 
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(a) 

(b) 

(c) 

Figure12 Facts about the exhaust fans[89] 
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Appendix-L 

 
Figure13 Sample Instruction Board  
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Figure14 Page 1 of Workshop booklet: Workshop outline[90] 
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Figure15 Page 4 Use of diagrams to explain Right of Refusal process for workers[91]  
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Figure16 Sample Health and Safety Policy taken from Ontario Ministry of Labour site[92] 
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Figure17 Page 10 interactive quiz to show understanding[93]  

 

Chemical hazards may be described under three broad headings: flammability, reactivity, and health[94].  

Flammability - those that readily catch fire and burn in air.  

Reactivity - invariably involve the release of energy(heat) in relatively high amounts or at a fast rate. 

Reaction rate can possibly increase until an explosion results.  

Health: Contact with many chemicals can result in adverse health effects; factors including the nature of 

the substance, route of exposure, magnitude of the dose, duration of exposure, and individual 

susceptibility  

 

 

Appendix-M 

Test for language requirement for operation[95] 

Match standards with CLB level 5: 

● understanding the main idea, some details and some inferred meaning of a text 2-3 

paragraphs long. 

● following instructions with 7-10 steps 
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● understanding inferred meanings 

● mostly concrete vocabulary 

● test for the completion of training program for operating this product 

 

Appendix-N 

ISO 20957-1:2013 specifies general safety requirements and test methods for stationary training 

equipment[96]. This includes equipment for use in training areas where access and control is specifically 

regulated by the owner, equipment for domestic use and other types of equipment including motor driven 

equipment. 

 

 

Appendix-O 

Test for ventilation filtration devices(ISO 29462:2013)[97]: 

Field testing of general ventilation filtration devices and systems for in situ removal efficiency by particle 

size and resistance to airflow. The performance measurements include removal efficiency by particle size 

and the resistance to airflow. 

 

Appendix-P 

Table. Negative impact from Design’s Life Cycle Table  

Negative impact Source of Impact mitigation strategy 

Release of air pollutants Transporting material to: 

processing plants 
manufacturing facilities e-

waste shipping (long 

distances) 

Use local manufacturers and 

Canadian Rail transport 
[98] 

Chemical waste,e-waste 

contamination 
Shale gas and oil sand 

extraction(methods) 
processing plants 
manufacturing facilities 

Purchase from e-waste 

recycling retailers[99] which 

also eliminates processes from 

LCA or find manufacturing 

companies guaranteeing safe 

chemical waste disposal by-

laws 

Noise, light pollution  Mining, manufacturing  Support government laws on 

noise and light pollution 

management plans 

Use of water/electricity resources  Mining, processing, 

manufacturers 
Partner with factories under 

LEED who reduce 

“greenhouse gas emissions, 

water consumption and 
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industrial waste 

generation”(Leadership in 

Energy and Environmental 

Design) [100] 

 

 

Appendix-Q 

 

Figure18 Screenshot of Contacting Global Industrial 

 

Appendix-S 

Reach E-Z - Extendable Reaching Tool[40] 

• Allows you to retrieve gear without climbing into your truck bed  

• Extends from approx. 5’ to approx. 7’  

• Provides easy access under toppers, tonneau covers, and lids 

• Super tough yellow adjustable tip can be re-positioned at many different angles 

• Tip slides easily in the grooves of pickup beds and bedliners to get underneath and hook items 

• Fits all bed lengths and  

• Works on all types of beds and bedliners 

• Unlimited uses – Works great for anything you can’t quite reach! 

• Simple 1/4 turn allows you to extend and retract the Reach E-Z 

• Included brush is perfect for clearing snow from your windshield or sweeping out your truck bed 

• Made of rust resistant aluminum 

• Will easily handle objects over 100 lbs. 

• Easily install the Reach E-Z in your pickup truck bed or elsewhere for convenient access using the 
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included hardware  

• Bottom of handle can be twisted off to reveal a threaded connector for attaching the scraper accessory, a 

paint roller, or any item with a female connector 

 

Dimensions: L 58" x W 11" x 2" H (not extended). 

Total weight: 3 lbs 

Material: Aluminum 

Includes: Brush attachment and mounting hardware 

 

Includes a 1 year warranty on the Reach E-Z and a lifetime warranty on the yellow tip. 

 

Price: $34.95 

 

Availability: In Stock!  

Usually ships within 1-3 business days.[40] 

 

 

 


