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Engineering Strategies and Practice 

Executive Summary 

 

The client Dr. Michael Grossman is a lawyer with a chemistry background and works for Toronto’s 

Health & Safety Legal Clinic. The project is about a safety concern associated with a high school 

chemistry experiment called the rainbow experiment, which demonstrates a visual display of 

characteristic colours through flames; however, it tends to explode when the procedure is not carried out 

carefully due to high amounts of methanol used.  

 

The interests to be considered are students’ academic growth, promoting safety for the lab, and providing 

a low complexity chemical lab process. In addition, these interests match those of: Ontario Ministry of 

Education, Standard Council of Canada, Environment and Climate Change Canada and educational 

organizations. The functional basis of the design is to control energy and the primary function is to 

successfully produce a rainbow demonstration while eliminating external risk factors. The problem was 

divided into functional units in terms of structure, and more functions were derived from them.  

 

An objective tree was drafted in order to identify the most desirable traits in the design. This technique 

involves branching general qualities into specific measurable ones. The resulting objectives, safety, 

educational impacts, clarity of demonstration and its complexity, were ordered according to their 

importance through pairwise-comparison. The design procedure was created to agree with safety 

regulations put forth by NFPA 45 (standard on laboratory safety). The experiment will be operated in a 

typical school lab environment teacher supervision.  

 

IndivColours was approved as the final design by the client. It is a methanol free experiment design in the 

form of a kit with a simple setup. All of the materials needed for the experiment will be included in the kit 

except the salts and the burner. There will be two plastic stands set x cm apart (x depends on # of salts 

being used, distance = number of salts * 7cm). These stands will have slits through which fiberglass mesh 

will slide freely. When salts are placed on the mesh 7 cm apart and a Bunsen burner is centered in 

between the two stands and lit, the salt directly above the burner will produce a coloured flame. Pulling a 

handle attached to the fiberglass mesh will allow it to slide, exposing each salt to the Bunsen burner flame 

individually, each of which will produce a different colour. The experiment is done when all the salts 

have burned and there is nothing left on the mesh. The USB in the kit provides detailed instructions for 

the experiment and also shows certain safety concerns that are important to adhere to. 

 

There will be three tests used for the design; they will test educational impact, clarity of demonstrated 

phenomenon and demonstration complexity. In order to implement the design, it requires market demand, 

interested organizations, and advertisement. IndivColours has both pros and cons in environmental 

aspects. Methanol use and carbon dioxide emission is lessened while more materials like plastic and 

rubber are used in the design. The design involves fixed costs ($11,050 CAD/month), variable costs 

($2000 CAD), capital costs ($15 CAD), and external costs. 

 

The document will be revised until April 25, 2016 to ensure it shows sufficient details of the design. On 

April 27, 2016, a final presentation will be made to explain details of the design. 
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1.0 Project Requirements 

 

Our client, Dr. Michael Grossman, works for Workers’ Health & Safety Legal Clinic. This company 

mainly deals with issues regarding health and safety concerns in the workplace. The intent of this project 

is to redesign the rainbow experiment which currently poses many health and safety risks to users. In this 

section, further requirements and design are generated and discussed in detail. 

 

1.1. Problem Statement  

 

In chemistry, energy absorption and emission occur during an electron’s transition between different 

energy levels [1]. The energy is radiated as electromagnetic waves that match colours on a spectrum, 

which can be shown through a process called Rainbow Demonstration. The experiment that uses this 

demonstration is intended to educate users with theories of quantum physics by attractive “rainbow” 

effects. In current practices, the demonstration is based on various coloured flames produced from 

metallic salt solutions that are directly poured on methanol flame [2,3].  

 

Currently, these experiments present several safety issues, which have resulted in over 150 students 

sustaining injuries in the United States [5]. The accidents highlight the inability of current design to 

provide students with an adequate amount of safety precautions to ensure proper lab safety. The current 

lab procedure has ambiguities that hinders students’ and instructors’ abilities to understand the proper 

execution of the experiment [6]. Moreover, unsafe lab equipment and unstable chemical substances are 

causes for multiple accidents. The combustion of methanol with metallic salts produces highly ignitable 

vapours that increases risk for lab accidents [4]. These vapours, lack of knowledge of operators on proper 

execution of the experiment, and the complex nature of chemicals used are major factors contributing to 

the lab accidents [4,6-8].  

 

In this project, the client wants a safe demonstration for the characteristic colours produced from flame 

reactions. A method needs to be derived which enables students to learn scientific theory from the lab 

without compromising safety. As the result of the design, all individuals should know and be able to 

explain the safety protocols or potential dangers in details. An ideal implemented lab design will allow 

students to complete some preliminary safety preparations, ensuring that they are aware and comfortable 

with their surrounding environment. 
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1.2. Stakeholders  

 

Through stakeholder analysis, the team has confirmed that most of the important stakeholders have their 

interests focused on public safety and potential social influences of the lab design. 

 

Table 1. List of Stakeholders 

Stakeholder Interest Impact on FOC* 

Ontario Ministry 

of Education 

Improve current educational system to 

encourage students achievements [9] 

- Identify safety concerns and improve 

procedures (O2) 

- Relate observations with concept of 

quanta of energy proposed by Neils Bohr 

(O3, O4, F.d**) [10]. 

Standard Council 

of Canada 

Promote standardization in Canada and 

provide laboratory accreditation [11, 

12] 

-Safety specification (include material 

safety data sheet) for assessment (C1) [13] 

American 

Chemical Society 

(ACS) 

Provide experimental experiences to 

students without major safety concerns 

-The use of some chemicals in secondary 

school laboratories prohibited by ACS (C2) 

[14] 

Environment and 

Climate Change 

Canada 

Enforce environmental policies to 

pollutant emission [15, 16] 

-The waste disposal shall meet regulations 

listed on Canadian Environmental 

Protection Act, 1999 (F.e)*** [17, 18] 

* (F)unction, (O)bjective, (C)onstraint 

** Function d 

*** Function e 

 

1.3. Functions 

 

The functions of this design aim to show how the team plans to ensure that students understand essential 

scientific information related to this lab with their safety being prioritized. 

1.3.1 Functional Basis: 

      a) Control energy 

1.3.2 Primary Functions: 

      b) Produce Rainbow phenomenon through chemical process 

      c) Eliminate risk factors which currently make this experiment unsafe 

1.3.3 Secondary Functions: 

  d) Develop and solidify users’ understandings of atomic-electron-transition theory, lab equipment, 

and experiment procedure [19] 

      e) Reduce environmental impact by moderating chemical wastes produced 

      f) Control rate of energy release from chemical reagents to manage unwanted reactions 
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1.4. Objectives 

 

The team’s objectives for this project are based on the most important aspects of the project. All 

objectives agree with the constraints and are given metrics to ensure they are met by all proposed designs. 

 

Table 2. List of Objectives 

No. Objectives Goals (Refer Appendix A for calculation 

procedure) 

1 Overall Safety 

(OSR) 

- Methanol volume must not exceed 2 cm³ /salt [20]. 

2 Educational Impact - Should involve at least 2-minute explanation per 

characteristic colour. (C2) [21]. 

3 Clarity of Demonstrated 

Phenomenon 

- Should show at least 2 distinct flame colours. 

(F1.3.3.d) [22]. 

4 Demonstration Complexity - Procedure should be at most 60 minutes’ long 

 [23]. 

 

 

1.5. Constraints 

 

Aspects for this rainbow fire/spectroscopy demonstration that shall not be included in the design are as 

follows: 

● Metallic salts shall not be used in which the concentration of their vapour rise above safe limits as 

per specified in CGA P-20 [24-26]. 

● The new design shall follow all aspects of the workers’ health and safety act as per the provincial 

legislation [27]. 

● The design shall comply with all requirements set forth by NFPA 45 (school chemistry safety 

standards) that are within its scope [28]. 
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1.6. Service Environment 

 

Each of the three types of environments includes factors that describe the surroundings of the lab which 

must be considered for the new design. 

1.6.1 Physical 

● Average classroom temperature around 20-22 ℃ [29] 

● Majority of Canadian cities: Humidity around 30-35% in winter and around 50% in summer (for 

most Canadian cities) [30]   

● Space in a chemical lab: 

○ Ideally 5.6 m² per student [31] 

● Typical labs contain: 

○ Lab equipment 

○ Sinks/eyewash stations 

○ Emergency services/ fire blankets 

○ Standard furniture for student/teacher accommodation 

● Safe storage area for waste toxins 

● Sophisticated ventilation systems [32] 

○ Prevent congestion and accumulation of undesirable gases 

● Dust and dirt in unclean lab environments 

1.6.2 Living Things 

● Bacteria present from various sources: 

○ Students unwashed hands 

○ Cross contamination of chemicals [33] 

● Insects/unavoidable pests in the classroom 

● Possibility of small rodents in storage area of labs 

○ May pose hygiene issues 

● Plants grown in lab 

● Presence of other students 

1.6.3 Virtual 

● Cellular networks and Wi-Fi 

● Laptops and other electronics producing communicative signals 

● Electronic lab equipment producing magnetic fields 

 

1.7. Client Ethics and Values 

 

The client, Dr. Grossman was previously a scientist specialising in chemistry with an emphasis on safety. 

Hence, the team is required to provide a report with material safety data sheets and other scientific 

specifications for safety. Dr. Grossman is also concerned about the environmental impacts of the new 

design and therefore the design must have a low environmental impact. Currently, Dr. Grossman is 

working with Toronto Workers Health and Safety Legal Clinic. The clinic aims to offer information and 

legal advice to workers about their safety and health concerns.  
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2.0. Detailed Design  

 

As outlined in the problem statement, the original rainbow experiment is usually executed in an extremely 

dangerous and careless way. The combination of excess methanol, unstructured lab procedures, and 

multiple open flames in the experiment often lead to serious lab accidents. The design IndivColours 

effectively eliminates all these unwanted variables in the rainbow experiment; this design is methanol-

free, comes with its own set of standard safety precautions, and limits the flames to one at a time. An 

overview of the experiment setup is shown in Figure 1 below. This section will provide details about the 

deliverable kit, its setup, how it works, and how the FOCs are met.  

 

The Deliverable Solution 

The errors of the previous design mentioned above are all solved with the implementation of the 

IndivColours. The new design, in the form of a kit, will provide everything the school needs (materials 

and information) to execute the experiment in a standardized way. The contents of the kit are below. 

 

Table 3: List of Kit Items 

Kit Item Usage Refer to Dimensions 

(cm) 

1) Plastic Stands (x2) 

  

Hold the fiberglass mesh and 

allow it to slide through slits 
Figure 2 Figure 2 

2)     Rubber Handle Attach to fiberglass mesh as an 

insulation for pulling 
Figure 3 4 cm wide x 2 

cm tall 

3)    Fiberglass Mesh [34] Salts will be placed on the mesh 

7 cm apart 
Figures 1,3  3.8 cm wide x 

35-50 cm long 

(5-7 salts ideal) 

4)    Rubber Stopper Attachable stopper prevents 

mesh being pulled out 

completely  

Figure 4 4 cm wide x 2 

cm tall x 1 cm 

thick 

5)    USB stick (~ 1GB) Contains safety presentation, 

detailed steps for procedure, and 

related scientific information 

(work of Bunsen and Kirchhoff) 

- -  
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Figure 1: Overview of experiment setup  
 

How it works 

The two plastic stands which have slits for the netted fiberglass to pass through (Figure 2). The long rigid 

fiberglass mesh will be able to slide back and forth through these slits. (Figure 1,2). The length of the 

fiberglass mesh depends on how many salts are included in the experiment- The stands are 22.5 cm tall to 

compensate for the average Bunsen burner height of 19.4 cm [35]. 

 

There will be a Bunsen burner in between the two plastic stands. When lit, the flame of the burner will 

only be exposed to one salt and will create one characteristic flame at a time. After a salt burns out, the 

next salt will be introduced to the flame by pulling the rubber handle (Figure 3) in order to slide the mesh.  

 

Initial Setup: 

1. Simply slide the mesh through both stands. Distance between stands will be at least the number of 

salt samples * 7 cm. Each salt quantity should be 5-10g so they fit on the mesh.   

2. Attach the rubber stopper to one end, and the handle to the other end 

3. Place Bunsen burner in exact centre of two stands 

4. Initial setup complete!  

 

Experiment Walkthrough (Does not include mandatory safety procedures, for explanation purposes only) 

1. Manually place solid salts at measured distances, ensure the particles of each salt are close 

together. 

2. Set Bunsen burner flame to blue (turn valve on burner). This makes the tip of the flame colourless 

so the colour from the salts is more visible [36] (Figure 5). 

3. The characteristic color will be shown by burning the salt. The color of the flame will then return 

colorless as an indication for salt consumed completely. 

4. When a salt burns out, slowly slide mesh using the rubber handle (figure 3) until the next is above 

flame.  

5. Repeat until all salts have burned (Figure 4 is an image of the end stage). 
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Connection to FOCs 

This design does not violate any of the constraints and meets all aspects of the functions. The client has 

two priorities from this project: the students should learn the theory behind the lab, and most importantly 

there must not be any accidents. Both of these points are covered and expanded upon through the team’s 

objectives.  

 

Table 4: How the design meets FOCs  

Design Feature FOC(s) 

Met 
Description 

Simple Setup O1 As seen in the pictures (Figure 1,4), the setup is 

relatively simple; all items are included in the kit except 

the salts to be burned and the Bunsen burner. The simple 

setup mitigates the risk of procedural error, making the 

lab safer. 

Methanol Free O1 Methanol is the primary source for all previous rainbow 

lab disasters [37-39], so IndivColours eliminates its use 

altogether.  

Specified distance between salts O3 Salts should be placed 7 cm away from each other for 

safety. Failure to measure may result in multiple salts 

being burned at once, impeding effective demonstration 

clarity. 

Minimal combustion  C1 Maintains the safe vapour limits due to the absence of 

methanol and controlled flame from Bunsen burner.  

Does not limit amount of salts to 

be demonstrated  
O3 The fiberglass mesh is heat resistant thus it will not melt 

or fracture [40] (Figure 1). Also, the number of salts used 

can vary, if more salts are used simply use more 

fiberglass mesh and set stands further apart. 

Pre-lab presentation: USB O1 Ensures that students know all safety precautions. 

Post-lab presentation: USB O2,O4 After the lab, the instructor can use the presentation on 

the given usb to explain the theory behind the experiment 

to the students. The final runtime including the lab & 

presentations will be wrapped up within 1 period. 
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Figure 2- Plastic stands with all dimensions     Figure 3 - Insulated handle 

 

 

Figure 4 - End of experiment  Figure 5- Importance of blue flame 
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2.1. Regulations, Standards, and Intellectual Property 

 

Table 5: Standards and Regulations  

Standard Description Impact on Design 

OSHA 3404-11R 2011 
Section: Laboratory Standard 
[41] 
 
 

Describes the measures that 

must be followed in relation to 

chemicals present to regulate a 

safe working environment. 

The design kit will include 

material safety data sheets for 

chemicals that are included or 

are expected to be included. 

School Chemistry Laboratory 

Safety Guide 
[42] 

 

Elaborates upon safety 

procedures required by a 

chemical laboratory. Also 

compares the educational worth 

and posed danger of many 

chemical compounds. 

Any chemical compound whose 

educational worth rating is less 

than its posed danger rating is 

not used. These ratings are 

predetermined and listed in this 

standard by US. consumer 

product safety commission. 

University of Delaware 

Department Environmental 

Health and Safety Standard 

Operating Procedure Bunsen 

Burner Safety 
[43] 

 

This document describes the 

correct procedure of using a 

Bunsen burner and also lists 

safety precautions that need to 

be addressed. 

This document will be 

referenced in the complementary 

safety document that will be 

prepared  

NFPA 45, Standard on Fire 

Protection for Laboratories 

Using Chemicals. 

[70] 

This standard efficiently 

summarizes laboratory safety 

procedures in relation to an ideal 

chemical laboratory of a typical 

educational institution. 

Many of the safety procedures 

listed relate to the rainbow 

demonstration. These will be 

included thoroughly in the 

complementary safety 

document. 

 

 

2.2. Testing 

The followings are test methods could be used to test the plausibility of the final design on three 

objectives. Standardised measuring process are included to add credibility of the results. 

Test for Educational Impact: 
Carry out an exam among students who have taken/observed the experiment. 
Procedure: 

1. Design an exam paper on the content of the experiment according to “The Standards for 

Educational and Psychological Testing”. [44,45] 

2. Ask students who had taken the experiment to take the test and calculate the average score. 

3. If the average score was qualified as a pass, the design has achieved its goal. 
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Test for Clarity of Demonstrated Phenomenon: 
Standard Practice for Identification of Instrumental Methods of Colour or Colour-Difference 

Measurement of Materials [46] 
Procedure: 

1. Use a standard individual to observe the flame colour. 

2. Compare the colour with a colour scale or calculate the wavelength. 

3. Fill the report. [Figure 6] 

4. If all the flames have distinctive colours with each other, the experiment passes the test. 

 
Test for Demonstration Complexity: 
Standard Guide for Preferred Methods for Acceptance of Product [47] 
Procedures: 

1. Repeat the experiment for multiple times and measure the time taken for every time as the sample 

pool. 

2. Use the batch method to put all the data into the table and go through all calculation to come up 

with an acceptance level. 

3. Calculate variance of the sample. [48] 

4. If the variance lies in the range of acceptance, the design passes the test. 

 

 

Figure 6: Standard Evaluation Report for Design Testing [47] 
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2.3. Implementation Requirements 

 

Mandatory requirements; 

 

Manufacturing/Assembling: 

The kit will need to be assembled. Most parts that are involved can easily be obtained by ordering them 

from different companies. Some constituents need manufacturing (plastic stands) since they are very 

specific dimensions. To initiate the production of this kit, a team will need to undertake the responsibility 

of combining these pieces together into a complete kit. Another team can also be hired for the purposes of 

producing and improving the complementary educational presentation for the USB [49]; however, this 

task is only a one-time necessity.  

 

Discretionary Requirements; 

(The following are marketing suggestions that could be implemented if deemed suitable by the client) 

 

Market Demand: 

Market demand could be thoroughly scoped before this design can be introduced. Areas need to be 

determined where this design would sell quickly. The design will be of particular interest to educational 

institutions. Thus areas would need to be identified where rainbow flame experiment has been creating 

safety issues frequently or is a part of the curriculum. [50] 

 

Interested Organizations: 

Some educational organizations might be interested in implementing this apparatus in their schools. Thus 

these organizations could be contacted. In general sale deals could be set up for interested organizations. 

This would also provide an initial boost to the design and would also increment its popularity. [51] 

 

Advertisement: 

Marketing and advertising would be an essential part of successfully launching this design into the 

market. With proper advertisement, spreading awareness regarding the safety superiority of this design 

would also add to marketing success. Demo videos demonstrating the procedure could also be posted on 

YouTube and other media. [52,53] 

 

2.4. Life Cycle and Environmental Impact  

 

The figures below illustrate the life cycle analysis of scoped processes for both the existing experiment 

and the design, IndivColours. The scoped processes include burnt material, setup equipment and 

experiment demonstration. 
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Figure 7: Life Cycle Analysis of the Existing Experiment 

 
 

Figure 8: Life Cycle Analysis of the Design 
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By comparing the two figures, the differences of masses and energy being used and released between the 

two experiments will be figured out. As some masses and energy are repeated in both figures, that shows 

the design does not have extra impacts in environment in either positive or negative way comparing to the 

existing experiment. The following tables explain the positive environmental impacts and negative 

environmental impacts for diverse masses and energy included in the life cycle analysis. 

 

Table 6: Positive Environmental Impact Analysis 

Mass and Energy Description Impact 

Methanol - No methanol used in the design.  

Carbon Dioxide - “A typical methanol manufacturing plant 

would emit about 0.9—1.0 metric tonnes 

of carbon dioxide for every ton of 

methanol produced” [54]. Thus, no 

methanol decreases the carbon dioxide 

emission during methanol production. 

- Burning methanol produces carbon 

dioxide [55]. Since no methanol is used in 

the design, less carbon dioxide will be 

produced. 

 

 

Table 7: Negative Environmental Impact Analysis 

Mass and Energy 

Description 
Impact Mitigation Strategy 

Rubber - Additional use of rubber to make 

stopper and handle in  setup 

equipment. 

- Minimize the size of 

stopper and handle. 

- Details in section 2.0. 

Plastic - Additional use of plastic, since it 

is used to make setup equipment. 

- Increased amount of plastic 

waste during disposal, as plastic 

is non-degradable [56]. 

- Minimize the size of 

stands for maximum 

efficiency 

- Plastic is recyclable and 

the stands are reusable for 

multiple experiments 
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2.5. Human Factors 

 

The primary intent of this project is to increase the safety of the Rainbow Demonstration. The features for 

this design are avoiding using methanol, therefore the release of energy is controlled. The team did some 

research about the previous designs and analyzed them. The way that the presenters demonstrate this 

experiments determine the success of this lab and will affect the safety of the audience. In one of the 

previous demonstrations, the explosion occurred due to negligence [57]. To prevent that, this design will 

list detailed procedures and cautions e.g. the whole process for this experiment, exit location etc. High-

school students/teachers are the users of this design. Our design is only for a specific set of users instead 

of a broad range of users. As a result, the Universal Design will not be considered in this design. Teachers 

will conduct the students to learn and be safe during the experiment. This design will be human-centered 

by making the setup obvious and simple (it will be shown step by step on the USB’s procedure guide). 

The handle will be easily distinguished as ‘pull’, through a simple arrow sticker that can be glued on it. 

The characteristic colours will be of colours that are easily distinguishable to the human eye.  
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2.6. Social Impact 

 

IndivColours will have several foreseeable social impacts on major stakeholders which have been 

discussed in the stakeholder analysis section (Section 1.2). Table 8 will specify the outcomes resulted 

from the implementation of this design. 

 

Table 8: The Social Impact for Each Stakeholders 

Stakeholders Social Impact 

Ontario Ministry of 

Education 
Increase the effectiveness of Rainbow demonstration for explaining electron 

transition theory  
● Presenters can explain which salt causes which colour consecutively 

● Informative presentation included in accompanied USB provide 

necessary  

● Single fire at a time makes it easier to explain and compare the 

different properties of used chemical substances 

Standard Council of 

Canada 
Encourage standardization of Rainbow demonstration experiment in Canada 

● The design contains a control for a safe distance between the design 

and users  

● A specification for controlling the release vapour [C1] 

● Meet the standard of health and safety [C2] 

● Meet the standard NFPA 45 (school chemistry safety standards) 

[C3] 

American Chemical 

Society  
Improve chemical lab safety in current high school 

● Prevent the uses of toxic and highly flammable methanol which was 

one of the reasons for lab accident [57, 58]. 

Environmental Climate 

Change Canada 
Reduce environmental impact and lessen pollutant emission by remove the 

use of methanol from the experiment 
● The combustion of methanol produces carbon dioxide which will 

enhances greenhouse effect [59,60] 

● Prevent methanol from entering the groundwater resulted by 

methanol-waste disposal [59,61] 

Require a more complicated disposal method 
● Plastic and fiberglass are not biodegradable polymer [68,69] 

● Fiberglass requires a significant amount of heat for decomposition 

[68] 

● Fiberglass releases residual ashes (Calcium Oxide) after 

incineration, damaging lung health [68] 
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2.7. Economics 

Table below is an estimation of possible costs to be generated during operation. 

 

Table 9: Fixed Cost Summary  

Fixed Cost  

Source Estimated cost in CAD 

Human Capital (Salary payment for routine 

operation)  
$9000/month [62] 
 

Rent (Office and storage) $2000/month [63] 

Communication fee  $50/month [64] 

Total cost $11050/month 

 

Table 10: Capital Cost Summary  

Capital Cost  

Source Estimated cost in CAD 

Computers and other necessities in office are used 

for designing and managing  
$2000 [65] 

Total cost $2000 

 

Table 11: Variable Cost Summary  

Variable Cost  

Cost source Estimated cost in CAD 

Raw materials such as packaging materials, 

fiberglass mesh and plastic stands 
$10/kit [66] 

Digital storage device (USB) in every kit $5/kit [67] 

Transportation service N/A 

Supporting documents (Material Safety Data 

Sheet, Presentations, etc.) 
N/A 

Total cost $15 
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Table 12: External Cost Summary  

External Cost 

Cost source Estimated cost in CAD 

Bunsen burner releases greenhouse gas which 

increases social marginal cost for the worsen 

environment 

N/A 

Waste disposal fees (tax) will be charged to treat 

the abandoned kits 
Negligible (about $0.001/kit) [78] 

Total cost N/A 

 

 

3.0. Project Management Plan 

 
Phone script was approved and called client on January 18; first meeting with the client was held on 

January 22. The first version of PR/PMP was approved by PM on February 15 and a revised version was 

submitted on February 22. The Second client meeting was scheduled on February 15. CDS was submitted 

for evaluation by February 29 and a revised version of CDS was delivered on March 21. The last client 

meeting was held on March 21. As in the future plan, FDS is required to be submitted on March 28 and a 

revised version of FDS will be expected sending to the client by a week before the presentation, which is 

April 20 ,2016. A practice session for Final Presentation is planned on April 22, and after that the group 

will deliver client the final presentation on April 27.  

 

4.0. Conclusion 

 

The current lab design does not meet the client’s need for necessary safety in high school laboratory. The 

client believes that educating students with scientific explanations for natural phenomena should not 

entail safety concerns and therefore he requested for a replacement of the current lab design. The final 

design, IndivColours, eliminates explosion risks by removing several mistaken design details that may 

have directly caused the lab accident, such as the use of methanol fuel. This design provides a clear view 

for students and also has a careful design for safety which completely fulfills the client’s need. The team 

further investigated the foreseeable impact of this design that may exert on the society and provided a 

clear insight of the estimated production cost for the design.  
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Appendices: 

 

Appendix A: 

Metrics 

O1: The Overall Safety Rating (OSR) is a weighted average of different safety factors. It is based on 

the following factors [70,71,72]: 
● NFPA (National Fire Protection Agency) Flammability Ratings (NFR) 

● Instrument Safety Factor (ISF) 

O2: How well does the design poses the following features [73,74]: 
● Two-minute explanation per flame 

● Relating flame colour to elements to photon emission 

O3: Depends on: 
● Variety of flames 

● Information provided between flame colour and salt. [75][76] 

O4: Complexity of the experiment is calculated based on two factors [77]: 
● Quantity of instruments 

● Completion time. 

 

Metrics Detailed Procedure: 

 

O1 Safety: 

The safety rating is the weighted average of several factors that might cause danger subtracted from a 

total score of 4. These factor have been divided into two categories. After extensive research ESP team 67 

came up with this procedure to combine flammability rating of different materials along with an arbitrary 

scale to account for different lab instruments used that might cause injury. 

 

Two dependent factors for Overall Safety Rating (OSR) are as follows: 

● NFPA flammability ratings (NFR): 

This rating will be calculated out of 4. 

This rating done by NFPA (National fire protection association based in the US) is out of 4, with 1 being 

the least flammable and 4 being the most flammable [70,71,72]. This rating can be found on the material 

safety data sheets (MSDS) of a specific element/compound. 

 

Let: 

a=NFPA rating of Element one 

b=NFPA rating of Element two 

c=NFPA rating of Element three 

n=Number of element/compounds used 

Then  
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● Instrument risk factor (IRF): 

This rating will be calculated out of 4.  

This rating is based on a risk scale set-up by ESP team 67 for the purposes of comparison. They do not 

identify the exact safety rating for the instruments being rated, rather just their risk factor relative to each 

other. The purpose for setting up this arbitrary scale is to account for the danger posed by several different 

sorts of equipment that can cause injury. 

 

Let; 

a=Glassware involved= (0.1 * quantity of glass objects). 

b=Sharp and pointy metal instruments= (0.2 * quantity of sharp or pointed instruments). 

c=Bunsen burner, matches= 1.8 

d=any other instrument used to produce an open flame=2.0 

e=High voltage=2.0 

f= If indirect contact of methanol with open flame: 0.2*c 

 

 
 

 

● Final Formula to calculate Overall Safety Ratings (OSR): 

The overall safety rating is rated out of 4. This is the calculated average of instrument risk factor and 

NFPA flammability ratings.  

 

 
 

 

   

O2 Educational impact:  

 

Educational impacts of demonstrations are based on two major factors.  

1. Two-minute flame explanations 

2. Relating flame colour to element to photon emission 

 

Each alternative will be marked on these criteria. For every alternative, the team will vote on its 

effectiveness in delivering to students each of the three points. This will be done through taking the 

average of the marks that each team member gives an alternative for each of the three educational factors. 

Each of these factors will be marked out of 4 thus the average too will be out of 4.  
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O3 Clarity of Demonstration: 

 

To measure this objective, the team will employ the simple method of counting the number of different 

characteristic colours that will be demonstrated in each experiment. For every characteristic colour 

displayed in an alternative, it will gain a mark of 0.8. There will be no more extra marks for more than 

five elements since maximum marks are 4. 

 

O4 Demonstration Complexity: 

 

For each alternative design, there will be estimated time for the demonstration and the number of 

instruments required. For this objective to be marked out of 4 the following method will be employed. 

 

● Time mark: (Out of 4) 

The following calculation is used to calculate the deviation out of the optimum time of fifty minutes that 

are then subtracted from the total mark of 4.  

 
Where all times are in minutes. 

 

● Instrument Mark:(Out of 4) 

This mark is calculated by decrementing from a total mark of 4, 0.5 mark for each instrument involved. 

Following is the equation used; 

 

Let q = variety of instruments used. 

 

 
 

Total complexity mark: 

 

The total complexity mark (also out of 4), is the average of the time mark and the instrument mark. 

 

 
 

 

 

 

 

 

 

 

 


