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Technical Summary 
This report focuses on the reverse engineering process of a iGadgitz Xtra 5m Waterproof Eco Rechargeable 

Solar & Hand Crank LED Torch. Our team disassembled the product, conducted a systematic study on its 

various components, material composition, and corresponding manufacturing processes, and created a Bill 

of Materials. I used the Eco Audit tool from CES EduPack to assess the environmental impact of the product 

throughout its entire lifecycle. Based on the customers' requirements for sustainability, durability, and user 

experience, we carried out a series of redesigns.  

The results of the Eco Audit show that the original design is expected to consume 58.3 MJ of embodied 

energy and generate a CO₂ footprint of 3.93 kg. Although this product has certain off-grid emergency lighting 

capabilities and basic waterproofing performance, its end-of-life potential is relatively low, with only about 

0.168 MJ of energy recovery potential and 0.0104 kg of CO₂ reduction potential. This indicates that although 

the original plan has the advantages of low cost, complete basic functions, and suitability for general 

outdoor or household emergency use, it still has significant deficiencies in maintainability, brightness 

performance, and structural detachability.  

Based on comprehensive considerations of structural reliability, functional performance, environmental 

impact and user experience, this report, on the basis of reverse engineering analysis, proposed several 

improvement plans. The improved product is expected to reduce embodied energy to 39.1 MJ and CO₂ 

footprint to 2.42 kg. While maintaining the core functions, it will further enhance product lifespan, 

repairability and overall design quality, and is more suitable to be launched on the market as a sustainable 

emergency lighting product targeted at mid-to-high-end users.
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1.Introduction 
This report reverse engineers the iGadgitz Xtra 5 m Waterproof Eco Rechargeable Solar & Hand Crank LED 

Torch, a compact multifunction torch designed for all-weather use. The product integrates multiple energy 

pathways (manual dynamo charging and a small solar panel) with multi-mode LED lighting.  

This product will be redesigned for our customer, Lisa’s Eco-Innovation, which adheres to sustainable and 

environmentally friendly design principles. We need to consider the impact of the design on the environment 

throughout the product's entire lifecycle, as well as practical factors such as durability, ease of use, and 

maintainability.  

The report examines sustainability-relevant design trade-offs, with particular focus on the tension between 

waterproofing and repairability, the use of adhesives at sealed interfaces, and opportunities for material 

simplification, modularity, and design-for-disassembly without compromising core functional requirements. 

A structured teardown was first conducted to understand the torch’s architecture and operating principles. 

The components were then analysed to identify likely material choices and manufacturing processes. 

Additionally, the CES EduPack tool was used to generate Eco Audit Report for quantifying the environmental 

impact and identifying the key areas for design improvement. The final outcome is an adjustment based on 

the original product architecture and sustainability assessment, providing a customized design solution for 

the customer. 

 

2.Background 

2.1 Product category and use context 

Portable LED torches are widely used for outdoor activities and emergency situations. Compared to filament 

lamps, LEDs enable compact form factors, low power consumption and long operating life, making them the 

dominant light source in modern handheld devices. For emergency use, the product value is often defined 

not only by brightness, but also by availability of power, robustness in harsh environments, and ease of use 

under stress. 

2.2 Existing solution archetypes and sustainability trade-offs 

Within the emergency-torch market, the main archetypes are disposable-battery lights, rechargeable 

models, solar-assisted products and hand-crank designs. Low-cost torches are commonly built around 

injection-moulded polymer housings, whereas more rugged or premium products often use aluminium 

bodies for improved durability.[1][2] Primary-cell torches are simple and inexpensive, but their batteries 

have finite life and must be replaced; rechargeable designs reduce repeated battery consumption, although 

integrated battery systems and electronics can complicate end-of-life recovery, particularly in Li-ion 

products.[3][4] Solar-assisted products add a photovoltaic panel and charge-management hardware, while 

hand-crank lights rely on a small generator and extra transmission parts, increasing component count and 
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assembly complexity.[5][6] Waterproof torches typically depend on O-rings and sealed interfaces, which 

improve wet-use durability but can reduce serviceability and make disassembly more difficult.[7][8] 

2.3 Redesign Opportunities for Lisa’s Eco-Innovation 

For a client that is committed to ecological innovation, "environmental protection" not only means reducing 

power consumption during the operation process; it also requires ensuring the sustainability of the product 

throughout its entire usage period. We have transformed this concept into three design priorities to guide 

the subsequent analysis and redesign work: 1. Extension of service life (durability of wear surfaces, 

protection of vulnerable seals and control devices); 2. Design for easy disassembly/maintenance (ability to 

achieve non-destructive access to batteries/electronic components and the ability to replace worn or high-

risk components); 3. End-of-life recycling (simplification of material types, clear material identification, and 

avoidance of unnecessary permanent connections). 

These background factors help us better meet the client's sustainability requirements when formulating the 

redeign plan, and differentiate it from existing solutions on the market. 

 

3.Method  
Our team carried out the teardown process in a logical approach to disassemble the machine into its 

smallest possible parts. All the major teardown steps was documented with labels and photographs, and the 

Teardown Overview Board is provided in the Appendix E. 

3.1 Device Teardown 

  

Figure 1:Simplified Teardown Flowchart and Components Photograph （Full flowchart is provided in Appendix C） 

  The teardown followed a non-destructive-first approach. After unboxing, the torch was checked by testing 

both the light output and the hand crank to confirm basic functionality. Disassembly then started from the 

LED head, as this was the most accessible entry point and allowed the optical and sealing components to be 
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inspected first.  

Initial front-end disassembly exposed the lens and reflector but did not release the LED module. Further 

inspection revealed a concealed fixing screw behind the rubber insert in the crank hub. Removing this screw 

allowed partial extraction of the internal assembly. However, full non-destructive separation was still not 

possible because the solar module was adhered to the orange casing and remained electrically connected to 

the internal circuit. As a result, complete removal of the internal module would have required damage to 

either the adhesive interface or the wire connections. The battery construction and gear interfaces were 

then recorded in more detail.  

3.2 Massing and Measurements 

Massing and measurement followed a measure-where-possible, state-uncertainty-clearly approach. The 

total product mass and all components of 1 g or above were measured using a digital scale with 1 g 

resolution. Smaller items, such as screws, pins, and seals, were either weighed in groups and averaged or 

recorded as “<1 g” where reliable individual measurement was not possible.Key external dimensions and 

representative feature sizes were measured using digital vernier calipers, typically recorded as maximum 

overall dimensions where appropriate.  

 

4.Product Analysis 

4.1 Bill of Materials 

 

Table 1 : Key Bill of Materials (The full detailed version is in Appendix D) 
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The Key BoM also indicates that the torch is mainly composed of polymers, and the orange main body, front 

frame, and grip frame themselves occupy a considerable proportion of the total weight. In contrast, some 

low-quality components, such as sealing elements and electronic components, although accounting for a 

very small proportion in the total weight, are still crucial in terms of functionality. However，the Eco-Audit 

report (baseline version) further shows that the greatest environmental burden is not simply caused by the 

heaviest components, but is caused by the combination of quality and material strength, such as batteries 

and solar modules. This means that the next stage of analysis needs to go beyond the scope of the 

component list and explore the reasons for the selection of these materials, the reliability of their 

identification, and their alignment with the product's functions and sustainability requirements. 

4.2 Material Analysis 

In this section, we used the material identification process provided in the Plastics and Elastomers 

Identification Chart (Appendix G) to determine the materials of each component of the torch. However, there 

were still some components whose materials could not be accurately identified. 

1) Polymers: Polymers are the main components of this product. The orange casing, the black handle part, 

the front frame around the lamp, and the internal electronic carrier are all identified as polyurethane, with a 

relatively high degree of confidence. From a manufacturing perspective, these components are found to have 

injection molding features such as core-pulling marks and smooth molded surfaces, which are consistent 

with the common application of thermoplastic polyurethane in industry.[9] From a functional perspective, 

this polymer is suitable for a lightweight and impact-resistant casing; moisture resistance in use is then 

supported by the sealed enclosure design, while thermoplastic processing also keeps manufacturing 

relatively straightforward.[10] 

2) Metal: This type of material is applied to the fastening framework. Through magnetic tests and the 

markings on the parts, it can be reasonably inferred that screws, pins, handle fasteners and bracket-type 

support parts are low-carbon steel, which is consistent with the widespread use of low-carbon steel in 

fasteners and general hardware.[11] In cases where local strength, thread retention force, stiffness, or wear 

resistance are required, steel is a reasonable choice. 

3) Polyoxymethylene: The white gears were confirmed to be polyoxymethylene materials, and the 

identification result has a high degree of reliability. This is consistent with the requirement for a material 

with good dimensional stability and low friction in a compact transmission system.[12] 

4) Elastomeric materials: The seals around the lenses and buttons are made of elastomeric materials. 

However, we cannot determine whether it is an EPDM type of rubber or a silicone material. 

4.3 Manufacturing and Assembly Analysis 

In this torch, the main processing category is Injection Molding. The main orange shell, the front frame, the 

black handle section, and the handle components are all confidently identified as components manufactured 

through Injection Molding. The ejector pin marks, the smoothness of the forming surface, the visible parting 

features, and the complex closed geometries on these components also prove this fact. In this torch, the 

factory uses Injection Molding to produce the torch shell instead of the traditional two-piece flip cover 
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structure. This process removes the main dividing lines, thereby preventing water from entering. Although 

this process has obvious advantages in manufacturing and waterproof performance, it also makes it more 

difficult to access the battery and internal modules without damage.  

Metal forming processes were concentrated in the fasteners and the hand-crank generation. For screws, 

nuts, bolts, and several small hardware components, we consider cold heading followed by thread rolling to 

be the most reasonable manufacturing process, which is consistent with the standard low-cost production 

method for small steel fasteners. However, gears and generator brackets are different: their geometries and 

bill of materials descriptions indicate that they should be steel support components cut by stamping or CNC 

cutting, rather than machined or forged components. These steel molding processes are functionally 

appropriate because the crank sub-system requires local stiffness, threaded fixation, and wear resistance. 

Apart from the manufacturing of individual components, the assembly strategy itself is also an important 

manufacturing outcome. This torch adopts a mixed assembly logic. The front optical components and the 

side grip part can be disassembled using screws, and the hand-winding shaft can also be disassembled 

using the detachable fastening parts. However, internally, the complex circuits, battery packaging, and solar 

panel part are further increased in difficulty for direct disassembly due to the adhesive fixation method. 

From the perspective of sustainability and redesign, although it is sufficiently waterproof and sturdy, the 

maintainability and service life are greatly compromised. It is almost impossible to reassemble it without 

damage after disassembly. 

4.4 Embodied Energy and CO₂ Analysis  

As shown in Table. 2, one flashlight is estimated to have a first-life embodied energy of 35.1 MJ and a CO₂ 

footprint of 1.93 kg. The dominant contribution comes from the material stage, which accounts for 28.2 MJ 

(80.4%) and 1.68 kg CO₂ (87.0%). By comparison, manufacturing contributes 3.19 MJ (9.1%) and 0.221 kg CO₂ 

(11.4%), while transport and disposal are negligible. The use phase adds 3.24 MJ (9.2%) in the Eco Audit 

model, but no CO₂ was assigned because this product is powered by solar charging and hand cranking 

rather than direct electricity. 

 

Table 2 : Overall embodied energy and CO₂ footprint in various life phases of the torch 

A closer reading of Table. 2 and the component bill shows that the main hotspot is the energy-storage and 

electronics system, rather than the screws or outer housing. The NiMH battery is the single largest 

contributor, at about 10 MJ and 0.69 kg CO₂. The LED module adds a further 5.4 MJ and 0.40 kg CO₂, while 

the solar panel contributes around 1.3 MJ and 0.11 kg CO₂. Together, these three parts account for roughly 

48% of total embodied energy and over 60% of total CO₂ footprint. In contrast, the casing and grip are 
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visually dominant and relatively heavy, but individually contribute much less. This means that redesigning 

only the casing material would give limited benefit unless the charging architecture or product lifetime is 

also improved. 

Although the hand crank is not the biggest eco-audit hotspot, it is one of the most failure-prone parts. If a 

relatively low-impact crank failure causes the entire torch to be discarded, the real life-cycle burden 

becomes much higher than the per-part data suggests. Therefore, improving repairability and service life 

may be more effective than only reducing material impact. However，since several material grades and 

manufacturing routes were simplified in CES EduPack, the value shown should be treated as estimate value, 

especially for electronics, elastomers and metalworking processes. 

 

5.Redesign Solution 

5.1 Casing redesigning 

Previous disassembly indicated that the repair path of this flashlight was not intuitive for ordinary users, 

and it was prone to damaging the key seals during the operation. More importantly, even if the internal 

LED/circuit module was released, the solar panel was still adhered to the shell and connected to the circuit 

through wires, preventing the entire internal assembly from being truly removed without damage or loss. 

This means that once users attempt to repair it, there is a high possibility of damaging the waterproof 

property or the electrical connection integrity during the disassembly process, making the repair an 

irreversible operation. In my redesign plan, I enhanced the environmental performance of the product by 

making two directional changes to the shell part, making it more easy to disassemble and repair, and more 

user-friendly, thereby increasing the actual service life of the product; then I changed the material of the 

shell to improve its performance and overall reduce its CO2 footprint. 

In terms of the shell structure, 1) The main body remains closed overall, maintaining the waterproof 

advantage. However, a clearly identifiable maintenance cover is added on the back or side. This maintenance 

cover is made of rubber and further ensures its waterproof performance. During the design process, by 

adding pull rings/handles on the surface of the rubber plug, it can be ensured that the rubber plug is easy to 

remove. 2) The solar panel is no longer permanently attached to the shell but is fixed by the framework 

positioning and screws as a latch. 3) LED + PCB + battery becomes an internal module that can be 

withdrawn. 4) Instead of permanent hard wiring between the solar panel and the circuit, small connectors 

are used, making it convenient for users to disassemble.  

When choosing the material for the casing, I compared the candidate thermoplastic plastics using an 

Ashby plot with CO₂ footprint and Young's modulus as the axes. This plot can simultaneously reflect the 

environmental burden and structural stiffness of the materials. Materials located in the upper left area have 

an advantage, meaning they maintain a high stiffness while having a lower CO₂ footprint.  
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Table 3 : Ashby Plot of Young’s modulus against CO₂ footprint   The comparison results show that although 

PP has a lower CO₂ footprint, its modulus is 

low. If directly used for the main body of the 

casing, it may need to compensate for the 

insufficient rigidity by increasing the wall 

thickness; PC and PEEK have higher moduli, 

but have a higher environmental burden. 

Among them, PEEK is clearly an over-design 

for this product. In contrast, ABS shows a 

more balanced overall characteristic 

between rigidity and CO₂ footprint, and is 

also in line with the common material 

selection logic for consumer-grade casing materials. Therefore, this plan selects ABS as the main candidate 

material for the redesigned casing. In addition to the indicators shown in the figure, the final judgment also 

takes into account its impact resistance, surface quality, and the user's expectations for a "solid and 

reliable" appearance and touch. 

From a manufacturing perspective, ABS is suitable for injection molding processing, which can effectively 

achieve the complex geometric features required for the flashlight housing, such as screw columns, 

positioning structures, assembly boundaries, and local reinforcing ribs. At the same time, its surface quality 

is high, making it easy to meet the requirements of consumer products for appearance integrity and hand-

held feel.  

5.2 Upgrade in LED and Battery 

The current torch uses three LEDs with up to 8 lm output and up to 4 h battery life; Amazon’s review 

summary also shows brightness as a mixed issue, with 38 mentions and 11 negative, which aligns with the 

low-brightness complaints identified in the earlier Amazon review scan.[13][14] The redesigned head 

therefore replaces the three-LED array with one high-efficiency white power LED, for example an XP-G3-

class emitter, operated at a modest level to deliver about 20–30 lm.[15] This is technically realistic because a 

single modern white LED can exceed 180 lm at 350 mA.[15] The battery is upgraded from the original 80 

mAh NiMH unit to a higher-capacity low-self-discharge NiMH button pack in the 150–300 mAh range, such 

as the Varta V150H/CP300H family.[16] This raises rated capacity by about 1.9–3.8×, so runtime should 

increase substantially while reducing the need for frequent hand-cranking and lowering wear on the crank 

mechanism.[16]  

5.3 Overall Comparison with the Original Design 

Compared with the original design (Table 2), the redesigned torch reduces the estimated first-life embodied 

energy from 58.3 MJ to 39.1 MJ, a decrease of 19.2 MJ (32.9%). The estimated CO₂ footprint is reduced 

from 3.93 kg to 2.42 kg, a decrease of 1.51 kg CO₂ (38.4%). In both cases, the dominant improvement 
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comes from the material stage, where embodied energy decreases from 54.5 MJ to 35.4 MJ and CO₂ 

footprint decreases from 3.64 kg to 2.15 kg. By contrast, manufacturing and transport change only slightly, 

while disposal remains almost unchanged. 

 

Table 4 : Overall embodied energy and CO₂ footprint in various life phases of the redesigned torch 

 

6.Conclusion 

This report conducted a disassembly analysis, material identification, environmental impact assessment, 

and improvement design for a solar-powered and hand-crank dual-energy waterproof flashlight. The 

disassembly results showed that although the original product met the waterproof design requirements 

through an integrated casing, it also exposed obvious irreversible disassembly issues. Additionally, by using 

the CES edu pack to disassemble the product life cycle, we found that the material stage was the main 

source of embodied energy and CO₂ footprint. Based on the above issues, the redesign proposed in this 

report mainly focuses on the optimization of the enclosure system, the lighting and battery system, and the 

assembly logic. Among them, for the enclosure part, through material selection analysis and manufacturing 

feasibility discussion, a material solution that is more suitable for injection molding and more balanced in 

terms of stiffness and environmental burden is proposed. Moreover, a more distinct disassembly structure is 

adopted to enhance the maintainability of the product. For the lighting and energy storage part, by using 

more efficient single LED and higher capacity rechargeable batteries, the brightness and endurance 

performance are improved. The quantitative results show that, compared with the original design, the first-

life embodied energy and CO₂ footprint of the improved scheme have significantly decreased. Material stage 

got the greatest improvement, indicating that the environmental benefits of this redesign mainly come from 

the rational selection of materials and the simplification of product composition.  

Through this project, I learned to use reverse engineering to help understand the structure, materials and 

manufacturing logic of my product, and was able to identify opportunities for redesign. This project also 

made me realize that improvement solutions do not merely aim for the optimal performance of a single 

metric, but rather achieve a more reasonable engineering balance among material selection, manufacturing 

processes, user experience and sustainability. 
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Appendixes 

A．Typical Materials and Manufacturing Methods Summary 

To enable the torch with multiple functions, here is a typical structure and materials that manufacturer may 

used during the production. 

 
Table 1 Typical architecture, materials, processes and sustainability-relavent data for a waterproff solar 

+ hand-crank LED torch 
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B . Product Introduction[17] 

 

Figure 2 : Product Images 

Product name :  

iGadgitz Xtra 5m Waterproof Eco Rechargeable Solar & Hand Crank LED Torch Torch with 5 Year Warranty 

Target customer : 

- Outdoor enthusiasts (campers, hikers, travelers) 

- People preparing for emergencies and power outages 

- Eco-friendly consumers preferring solar/hand-crank power 

- Daily users needing a durable, waterproof, rechargeable torch 

Retail cost : £15.99 

Estimated production volume : 50,000-150,000 units (annual) 

Location of manufacture:  

INNOV8 GB Ltd, Unit 12 Oakhurst Business Park, West Sussex, RH13 9RT, UK. Made in China 
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C . Teardown Process  

1. Photographs 

   

Figure 3: Before and after the Teardown 

 

Figure 4: Documenting and labeling the components 
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Figure 5: Plastic Identification, Massing, Measurements 

 

Figure 6: Trying to separate the internal electronic components from the casing 

2. Detailed Workflow Chart 

  

D . Bill of Materials (full-version) 

E . Teardown Overview Board 

F . Eco Audit Report  

1. Model A ( baseline model ) 
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2. Sensitivity Models Exploration 

Model B : Solar-use sensitivity model ------ Will the result significantly change if solar energy charging 

is explicitly incorporated into the 'use phase'? 

Model C : LED output sensitivity model ------ What would happen if the lighting output itself were 

regarded as the main function of the use-phase? 

 

Table 5 : Change in Model B and C 

  

Calculation for changes: 

The usage phase of Eco Audit is calculated based on power × duty cycle (usage time) × product lifespan. 

The official white paper also clearly states that after selecting a certain energy-conversion mode, the tool 

will call the efficiency and multiply it by power and duty cycle. 

Model B（solar） 

What I assumed： 

• 0.03 W 

• 100 days/year 

• 1 hour/day 

• 5 years 

Total Energy Output： 

• 0.03 × 100 × 1 × 5 = 15 Wh 

• 15 Wh ≈ 0.054 MJ 

Model C（LED） 
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What I assumed： 

• 0.07 W 

• 100 days/year 

• 1 hour/day 

• 5 years 

Total Energy Output： 

• 0.07 × 100 × 1 × 5 = 35 Wh 

• 35 Wh ≈ 0.126 MJ 

Hence, they are too small to be seen compared to the 58MJ Material Burden 

G . Plastic and Elastomers Identification Chart  

1. Official Version 

 

2. Our Record 
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