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Comments:

1.0 
Environmental Impact Analysis
Our project consists of a single module with an LCD, input/output jacks, multiple encoders and a potentiometer mounted on the outside. Inside, we will have a PCB with various components soldered and the batteries. The enclosure is to be made from aluminum and the battery holder will be polypropylene.

Environmentally, there are concerns at all three stages of the product’s life cycle: its manufacture, nominal use and also its disposal.

During the product’s manufacturing, the main concerns are regarding the PCB, the LCD, the battery holder and the enclosure. During PCB manufacture, a large number of chemicals are utilized and waste products are produced, for example ammonia. Many of these are released into the atmosphere and/or contaminate the water supply, both extremely detrimental to the environment [1]. One way to reduce our product’s environmental impact is to design the PCB to be as small as possible. Through this, the quantity of materials is reduced, reducing the weight of toxins produced per item.

During of the manufacture of the LCD, large quantities and types of toxic chemicals are released into the atmosphere and water, including phosphine, phosphorous and hydrochlorofluorocarbons (HCFC-225) [2]. These have devastating effects on the environment such as “stratospheric ozone depletion” and “aquatic ecotoxicity”. The sodium hexafluoride produced is also contributing to global warming. In order to decrease the impact as much as possible, we will be using as small an LCD as possible and will also try to keep its placement as far as possible from where the user will be “tapping” so as to avoid accidental damage that may require a new LCD.

The battery holder’s manufacture, being made out of polypropylene, has an environmental impact. As with almost all plastics, it is manufactured using oil, a finite resource [3]. We will therefore want to use as compact a holder as possible, for example using one 6 battery holder rather than three 2 battery holders, in order to minimize the amount of plastic / oil required. Recycled polypropylene is very common for battery holders, and therefore we can also reduce our environmental impact further by utilizing this recycled medium [4].

The enclosure will be made from aluminum. The most harmful part of this process is the extraction of the aluminum from bauxite [5]. The extraction is extremely energy intensive, consuming large quantities of electricity and water, and the smelting process is driven by large amounts of coal, a finite resource and source of carbon dioxide. According to the EPA “the release of perfluorocarbons during the aluminum smelting process are 9,200 times more harmful than carbon dioxide in terms of their affect on global warming”. While not possible for our prototype, if put the production line, recycled aluminum would be used, as the recycling process consumes only 5% of the energy and releases 5% of the greenhouse gas, while losing “none of its integrity even when it is melted down repeatedly”. Given below is a chart giving the comparison between the impact of primary aluminum and recycled aluminum.

[image: Macintosh HD:Users:Emily-Rose:Downloads:28-conso_bauxite.png]Figure 1: Primary vs. Recycled Aluminum [6]

During nominal use, the product does not have a large environmental impact, except for the turnover of batteries. To reduce this impact, our device is designed to run off a 9V wall supply for the majority of its uses, therefore negating the use of batteries. To reduce the impact of the battery use, the user will be given access to their holder, meaning that when the batteries come to the end of their life, they can be replaced without the need of replacing the entire device.

In order to access the environmental impact of the device after its life has ended, we must consider the disposal and recycling of: the PCB, the batteries, the LCD, the enclosure and the battery holder.

Many of the PCB disposal techniques have an environmental impact [7]. The first of these techniques involves the incineration of the PCB in order to harvest its alloys. This technique prevents many of the other materials being reused or recycled, as well as being very expensive and creating industrial dust pollution. The second technique involves the mixing of precious metals with acid. As with the first technique, many of the non-metal materials are destroyed. Another result of this method is that expensive water treatment equipment must be installed so as to avoid water contamination. The third method is to smash/shred the PCB and separate the metal and non-metal resultant powders. Unfortunately, this results in 130dB noise pollution, releases harmful industrial dust into the atmosphere and also creates an irritant odor. However, even with their issues, all of these techniques are an improvement on disposing the PCB in landfill and releasing the dangerous pollutants into the ground, atmosphere and water supply. Also, these techniques can be improved further by the incorporation of sound insulation and spray water processes to help contain the airborne contaminates and pollution (dust and odor).

When the considering the environment, the first port of call is to avoid placing any items in garbage dumps. It is therefore seen as favorable to use rechargeable batteries over “disposable” batteries since they can be used over and over again. However, when comes to their disposal, non-rechargeable batteries are seen as “non-toxic and disposable in household trash [8]” in contrast to recyclable batteries that leach out cadmium, cobalt and lead. Therefore, the constant replacing of batteries is still the “preferred” option for the environment [9].  It is still important, however, to attempt to minimize battery turnover as much as possible. Due to this, we will place a note in the user manual, that except for testing purposes such as sound checks, equipment testing and store demonstrations, use of the 9V power supply is preferred.

The main issue with LCD disposal is the mercury used for the picture illumination [10]. If disposed of incorrectly, the mercury can lead to ground water contamination. This is extremely dangerous as mercury poisoning is fatal and maddening [11]. Because of this, many states and local agencies have developed collection/exchange programs for mercury-containing devices [12]. We will place a reminder to dispose of correctly in the user manual.

As mentioned during the product production discussion, the enclosure will be made from aluminum, a highly recyclable material. While not causing large amounts of environmental damage by being placed in a landfill directly, recycling aluminum will increase the amount of recycled aluminum the next generation of products can use, thereby decreasing future environmental impact. 

The polypropylene battery holder is widely recyclable [4]. Recycling the component is extremely important because if not recycled it can contaminate both air and water causing many health problems to those in the local area [13].


2.0 Ethical Challenges
When it comes to ethical challenges, there are no issues if the device operates within its parameters and is not misused. However, should either of these conditions not be met, there are several smaller issues that must be considered and protected against.

The first of these issues is regarding the power supply, especially when connected to the wall power. It is possible for the current in a power surge to damage the device and, due to its metal enclosure, become a danger to the user. While not implemented in our prototype, a future revision of the product would include a fuse to help protect the device and user against circumstances such as this. Another power issue is regarding the batteries. The content of batteries are highly toxic and corrosive and therefore can become dangerous to the device and user if left in for extended periods of time. In order to combat this, a warning should be placed within the user documentation, advising that batteries should not be stored in the device when it is not in use.

The next two issues are regarding the device and children. There are multiple small parts mounted on the outside of the enclosure that could be choking hazards should they become detached. Since the device should not be used by small children, this should not be an issue, however it is still important to take measures to decrease the chance of injury and make sure that all components are securely attached, as well as placing a warning in the user manual that it is not a child’s toy and that external fixtures could be a choking hazard. The second issue that pertains to children is the AC/DC adapter that connects to a power outlet. As an alluring place for children to sticks their figures, it could pose a hazard. Therefore, as above, a warning will be placed within the user documentation. However, it is again very unlikely due to limited circumstances where it could be in close proximity to small children.

The final issue pertains to the method of user interaction with the device. As a foot operated device, the possible forces exerted on the device must be considered. It would therefore be a good idea to test the device under a range of forces, and if required, takes measures to add additional support. This is important because, even if still operational, a bent or fractured enclosure could pose a safety risk.


3.0 Sources Cited
[1]	CorpWatch (1997, February 10). The Environmental Cost of Printed Circuit Boards [online] Available: http://www.corpwatch.org/article.php?id=3433

[2]	Environmental Protection Agency (2013, September 24). What are the environmental and health impacts of LCDs? [online]
Available: http://www.epa.gov/dfe/pubs/comp-dic/lca-sum/ques5.pdf

[3]	C. Freudenrich (2014) How Plastics Work [online]. Available: http://science.howstuffworks.com/plastic.htm

 [4]	Milliken Chemical (2014) Why Polypropylene? [online] Available: http://millikenchemical.com/why-polypropylene/

[5]	1800Recycling.com (2010, November 9) What Aluminum Extraction Really Does to the Environment. [online]
Available: http://1800recycling.com/2010/11/aluminum-extraction-recycling-environment

[6]	eco3e EU (2014) Materials – Aluminium [online] Available: http://eco3e.eu/materials/aluminium_en/

[7]	SpringerLink (2006, October 6) Printed Circuit Board Recycling Process and Its Environmental Impact Assessment [online] Available: http://link.springer.com/article/10.1007/s00170-006-0656-6#page-6

[8]	Duracell (2014) Battery Car and Disposal [online]
Available: http://www.duracell.com/en-us/battery-care-and-disposal/disposing-of-general-purpose-and-alkaline-batteries

[9]	C. Conger (2010, September 16) Are Batteries Bad for the Environment? [online] Available: http://www.nbcnews.com/id/39214032/ns/technology_and_science-science/t/are-batteries-bad-environment/

[10]	Environmental Protection Agency (2014, March 10) Recommended Management and Disposal Options for Mercury-Containing Products [online] Available: http://www.epa.gov/mercury/mgmt_options.html

[11]	MedicineNet.com (2014) Mercury Poisoning [online] Available: http://www.medicinenet.com/mercury_poisoning/article.htm#mercury_poisoning_facts

[12]	Environmental Protection Agency (2014, April 25) Mercury Releases and Spills [online] Available: http://www.epa.gov/mercury/spills/index.htm#disposal

[13]	L. Latzko (2014) What Happens If You Don’t Recycle Plastic? [online]. Available: http://www.ehow.com/facts_7672107_happens-don’t-recycle-plastic.html

	-4-
image1.png
Bauxite consumption, air emissions, solid waste

@ Primary aluminium (metal from electrolysis)
© Aluminium recycling (remelt metal)

I 1286 kg-

72k9

100
%
80
70
60
50
40
30
20
10

10700kg™ 1896 kg

Bawite  CO2 PFC(CO2eq) Dust s02 bawite  other solid
residue  waste




