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1. Question 1.5: How do the concepts of green design, industrial ecology, and sustainable development differ from past approaches to engineering design? Prepare a brief report on this topic, using some specific examples for illustration.

The primary objective of engineers has always been to innovate to facilitate everyday life. Engineers are the embody the notion of efficiency as they always want to find a better way of doing things. However, despite the good intentions, engineers lacked the knowledge we now have today. Consequentially, developments made in the past neglected the environment and everything in it. Technologically, the world has never been more advanced, yet the environment has suffered drastically and now engineers are left with the responsibility of preserving the environment.  With today’s knowledge of the environment, an engineer’s objective has been altered: innovate in a way that is green, ecological and sustainable. Nowadays, a multitude of factors must be considered when developing and building. 

Firstly, the design must be green. This means that the materials used must be eco-friendly or at least less damaging than others and the amount required of that material needs to be minimalized without compromising the functionality or reliability of the mechanism. Furthermore, the way in which a mechanism is constructed needs to be considered as well. The way a product is refined, transformed, transported and assembled are all processes that can affect the environment and human health. Finally, energy usage is an important factor to consider when thinking of design. Energy is required for much of the development process, whether it is in the extraction of a material or the manufacturing. Therefore, finding ways to reduce energy consumption contributes to making a design green.

Secondly, the concept of industrial ecology must be of concern. This concept refers to the idea that given continued economic, cultural and technological evolution, we must not only consider which of the Earth’s resources we can use in an environmentally friendly way, but also the disposal of byproducts and obsolete products. Industrial ecology focuses on considering industries as ecosystems themselves and how we can integrate industries in natural ecosystems. In this manner, we can then work in a way to optimize the cycle of materials being used and disposed of. To optimize the cycle of materials, ideally, the materials required for products must be minimized, the flow of harmful substances must be eliminated, the use of energy must be minimized and the flow of waste must be eliminated. With this, the material cycle in the ecosystem could be optimized in a way that only required materials are being recycled by the environment and then reused by the industries.

Finally, sustainable development is another factor that is of great importance. Sustainable development is the notion of developing without depleting the resources available. In this way, economic development can be achieved in the present day, without hindering future generations. In a sense, industrial ecology complements sustainable development. Industrial ecology, focusing on integrating industries into the Earth’s natural ecosystems, studies the way we can create a material cycle with the environment and our industries. Achieving this would enable sustainable development as materials and byproducts could be recycled by natural ecosystems and later cultivated once more.  

In consideration of these three factors, different measures have been taken today to better approach the problem of the deteriorating environment. For example, green energy plans have been introduced in hopes of one day relying solely on renewable energy resources rather than nonrenewable ones. Another measure taken worldwide is the setting of a quota for greenhouse gases a product can emit. A specific example of this would be a quota set on the greenhouse gas emissions of a car, meaning the emissions of a car cannot exceed said quota. Evidently, the goal to achieve a world where green design, industrial ecology and sustainable development are the predominant ideologies in the economy is not a goal that can be achieved overnight and will therefore require gradual changes. 

2. Question: Using Canadian national pollutant release inventory (through the environment Canada website), choose any 3 chemicals and determine their quantities released to the air, water and land.

2016 Canadian National Pollutant Release Inventory

	
	Benzene (tonnes)
	Formaldehyde (tonnes)
	Sulphuric Acid (tonnes)

	Air
	745
	1525
	4,158

	Water
	125
	394
	39

	Land
	1.3
	0.001
	20

	Total
	871.3
	1,919.001
	4,217


Source: http://ec.gc.ca/inrp-npri/donnees-data/index.cfm?do=common&lang=en&common_query=3&query_type=1


3. Question 2.2: Identify the principal types and sources of toxic pollutant releases in the community where you live. Use the website of the U.S EPA or the environmental defense fund to find the most recent information from the Toxics Release Inventory. List the five substances emitted in greatest quantity and determine the amounts released to each environmental medium (air, water, and land).

Alabama TRI (2002): 5 substances emitted in greatest quantity 
	
	Hydrochloric Acid
	Barium Compounds
	Manganese Compounds
	Methanol
	Lead

	Air
	26,139,855

	82,373
	43,107

	9,614,309

	10,368


	Water
	NA
	70,042
	621,033
	133,515
	2,104

	Land
	NA
	9,731,865
	9,212,447
	39,151
	5,323,627


Source: http://scorecard.goodguide.com/env-releases/state.tcl?usps_abbrev=AL#data_summary

4. Question 2.10: Table 2.10 gave an estimate of the remaining world resources of selected nonrenewable materials. Select any of the listed commodities with a life index of less than 100 years. Investigate the major uses of that material, and analyze the implications of its projected scarcity in the future. Include a discussion of any likely substitutes for the material or its applications.

Based on the world reserve base life index, copper has a remaining lifetime of 64 years. Copper has a great importance as it is a very good electrical conductor is found in many motors and electrical wirings. It also a good conductor of heat and can be found in motor vehicle radiators. Another great use of copper is in building construction and can be found in many architectural components, such as gutters and rooftops. Moreover, copper is very malleable and therefore enables easy manipulation of the metal. Additionally, there are many copper inclusive compounds that are useful, such as the copper-nickel alloy which is used in ship hulls as it does not corrode in seawater. It is imperative to recognize that copper is vital considering that much of today’s technology is electrical. Copper is cheap and is also one of the most efficient conductors and thus the scarcity of copper poses a real problem. In terms of electrical conductors, there a few alternatives such as aluminum, silver and gold. However, evidently, there are compromises to be made with these substitutes. For example, aluminum is cheaper however it is not as efficient and as widely used as copper for that reason. Silver is practically as efficient, yet it is more expensive. Gold is also more expensive yet its lifespan is greater and has a greater corrosion resistance. Copper is very flexible in the sense that it can be used for many things. So, if we are to consider substituting copper, then we would have to consider it case by case. For example, aluminum is useful for high voltage transmission lines, whereas gold could be useful for underwater mechanisms. 

5. Question 2.11: Investigate the estimated resource base of the world energy supplies of either crude oil or natural gas. Comment on when or whether we might be “running out” of this nonrenewable resource based on current estimates. Also discuss whether the environmental implications of future energy resource extraction might change because of the location or difficulty of exploiting the remaining reserves. 

Crude oil has become vital in the modern era. For example, crude oil is refined into gasoline, heating oil and different types of fuels, which have become indispensable. Fueling over a billion motor vehicles, crude oil is a raw material that simply cannot be cut out of the economy. Unfortunately, this natural resource can take millions of years to regenerate itself and the result is inevitable: we are extracting crude oil at a rate much larger than the regenerative rate. However, we have come to depend on it so much that the lifespan of this resource has become a concern. It is estimated that this resource has a lifespan of about 50-60 years, considering the exponentially increasing demand for it. As the supply continues to lessen, prices will inevitably continue to rise. Consequently, oil will eventually lose its popularity, as it should. However, this would leave us with more issues to be worried about. One of the obvious issues would be finding a suitable substitute for something that is used almost everywhere. Another important issue to be concerned with would be the billions of obsolete products that cannot function without a refined version of crude oil. 	

6. Question 12.2: The planet Venus is closer to the sun than earth and has a thick atmosphere of mostly CO2. Because of the greenhouse effect, the average surface temperature is about 475 degrees Celsius. What would the average temperature be if there were no atmosphere? The solar constant, So, for Venus is 655 W/m^2 (based on surface area), and the planetary albedo is about 76 percent. 







7. Use the 20-year Global Warming Potential (GWP) values in table 12.9 to calculate an equivalent CO2 emission rate for worldwide greenhouse gas emissions as given in Table 12.1. Assume that total CFCs are divided equally among the three compounds listed. What is the percentage contribution of actual CO2 emissions to the total equivalent CO2? What is the next most important greenhouse gas emission based on this analysis? How do these results compare to those using the 100-year GWP in Example 12.17?






Calculating equivalent CO2 emission rates using 20-year GWP of various greenhouse gasses
	Greenhouse gas
	Annual Emissions(Mt/yr)
	20 years-GWP
	Equivalent CO2 emission rate

	CO2
	29,800
	1
	29,800

	CH4
	375
	56
	21,000

	N2O
	5.7
	280
	1,596

	CFC11
	0.23
	5,000
	1,150

	CFC12
	0.23
	7,900
	1,817

	CFC113
	0.23
	5,000
	1,150

	HCFC22
	0.2
	4,300
	860

	Total
	
	
	57,373


There is a 51.9% contribution from CO2. The next most important gas emission from this analysis is CH4, which contributes to 36.6% of the emissions.

Calculating equivalent CO2 emission rates using 100-year GWP of various greenhouse gasses 
	Greenhouse gas

	Annual Emissions(Mt/yr)
	100 years-GWP
	Equivalent CO2

	CO2
	29,800
	1
	29.800

	CH4
	375
	21
	7.875

	N2O
	5.7
	310
	1,767

	CFC11
	0.23
	4,000
	920

	CFC12
	0.23
	8,500
	1,955

	CFC113
	0.23
	500
	1,150

	HCFC22
	0.2
	1,700
	340

	Total
	
	
	43,860


Comparing the second table with the first, the contribution from CO2 increases to 67.94% whereas that of CH4 decreases to 17.95%. Comparing the two tables, CO2 can be seen to have a greater impact in the long term, whereas others either decrease drastically or remain almost the same by either slightly increasing or slightly decreasing. 
 
