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QUESTION 1:
Recently, engineering approaches the concepts of green design, industrial economy and sustainable development very differently than it had in past decades.  Foremost, past approaches to engineering design emphasized the importance of environmental studies that focused on water pollution and solid waste disposal (Rubin, 5).  In relation to water pollution, it is said that gaseous sulfur dioxide that is emitted from chimneys of coal burning power plants converted into fine sulfate particles by chemical processes in the atmosphere and the mix of particles and gases lead to acid rain which damages the whole environment such as, lakes, forests, infrastructure and organisms (5).  An example of solid waste disposal is demonstrated when different forms of organic wastes, from factories and households, are discharged into rivers and streams.  They are then transformed by biological reactions that deplete the oxygen dissolved in water; thus, this oxygen deficiency destroys the viability of all aquatic species (5).  
Past engineering techniques have caused environmental changes related to land and water use and emissions or discharges of chemical substances; for example, deforestation, which is the clearing of forests for agricultural use, changes vegetation coverage and drainage of wetlands (5).  Deforestation also produces changes in the chemicals of soil and sediments which is either the increase of acidity and turbidity of waters or the removal of nutrients from soils (5).  Changes in infrastructure causes emissions such as soot deposits, acid gases and liquid chemicals and, as a result, increases the concentration of such substances into the air, water and soil and causes illnesses to organisms within the environment (5).  As a consequence to all environmental changes, communities disappear and people are forced to migrate to different areas (6).  
Green engineering is a concept that has changed as a result to recent engineering designs.  Foremost, green engineering is based on the concept of environmentally safe disposals (9).  An example of this concept is seen when IBM needed to take back all discarded computers, from consumers, which contained toxic metals which were used to manufacture circuit boards; hence, they needed to find a way of safely disposing the toxic metals into the environment (9).  Prior to environmental awareness, engineers focused solely on small pieces of the overall system which did not take into consideration the environment as a whole; thus, engineers, must, “optimize the total materials cycle from virgin material, to finished material, to component, to product, to obsolete product, and to ultimate disposal (5, 12).  However, engineers must, now, consider ways to reduce environmental impacts by implementing pollution prevention and waste minimization with help from the, “environmental life cycle assessment” (LCA) (10).  In order to comply with the LCA, engineers can create, “cleaner, more efficient manufacturing operations [by] reducing the [amount] of energy and materials during waste management” (12).  
Sustainable development requires engineers to meet the needs of the present without compromising the ability of future generations to meet their own needs (12).  Therefore, engineers need to find ways to enable natural systems to recirculate and reuse materials which eliminate or minimize the production of wastes and use of energy, which, in turn, will create resources, energy an capital (12).  Furthermore, industrial economy permits engineers to, “deliberately and rationally approach and maintain a desirable carrying capacity [with help from] economic, cultural, and technological evolution” (12).  As stated, throughout past decades, engineers were not so much concerned with environmental consequences; although, the NRC study (1996) stated that engineers could reduce environmental impacts and provide sustainable development by, “circulating and reusing material flows within the system, reducing the amount of materials used in products to achieve a particular function, protecting living organisms by minimizing or eliminating the flow of harmful substances and minimizing the use of energy and the flow of waste heat back to the environment” (12, 16).  
Now, engineers need to follow strict guidelines for the efficient extraction and manufacturing processes as well as improving the recovery, re-use of materials and energy at the end of the product life (11).  Essentially, environmental engineering deals with developing additional technology and methods for cleaning up the problems that were created by primary manufacturing and processing technologies (10).  

QUESTIONS 2:
	By using the Canadian National Pollutant Release Inventory, it can be stated that five sectors release large quantities of pollutants into the air, water, and land (Canadian National Pollutant Release Inventory).  The water, sewage and other chemicals sector emitted the largest amount of pollutants into the water (41000 tonnes) (Canadian National Pollutant Release Inventory).  This sector accounted for 77% of reported releases within 2001 (Canadian National Pollutant Release Inventory).  Fifty two thousand tonnes of pollutants were released into water bodies; these released pollutants were mostly emitted by municipal sewage treatment facilities (Canadian National Pollutant Release Inventory).  Chemicals such as ammonia and nitrate iron were released into water bodies; ammonia release increased by 4% whereas nitrate iron increased by 14% (Canadian National Pollutant Release Inventory).  
The pulp, paper and paperboard Mills released 32000 tonnes of pollutants into air, water and land and were followed by the electricity generation, transmission and distribution sector which released 21000 tonnes of pollutants (Canadian National Pollutant Release Inventory).  The two sectors which released the same amount of pollutants to air, water and land by 11000 tonnes were the pesticide, fertilizer and other agricultural chemicals manufacturing sector and the oil and gas extraction sector (Canadian National Pollutant Release Inventory).  Pollutants that were released into the air accounted for 68.5 % down by 5% within a year (Canadian National Pollutant Release Inventory).  Moreover, methanol, hydrochloric acid and ammonia were the chemicals released in the largest amounts predominantly by the pulp and paper manufacturing, electricity generation and manufacturing of agricultural chemicals sectors, as stated by the Canadian National Pollutant Release Inventory.  Lastly, pollutants that were released onto land were caused by land spills, land leaks and the distribution of pollutants on land (Canadian National Pollutant Release Inventory).  
Pollutants emitted onto land accounted for 5390 tonnes; the chemicals released onto land were ethylene glycol, zinc and manganese (Canadian National Pollutant Release Inventory).  These pollutants were emitted by air transportation, specifically de-icing operations, iron and steel manufacturing operation and electric power generating facilities and iron and steel manufacturing operations, respectively (Canadian National Pollutant Release Inventory).  Although, there is a pertinent problem with estimating which chemicals posed the most threat to the environment as land releases do not include pollutants and chemicals that are emitted from land disposal, landfilling, underground injection and land treatment (Canadian National Pollutant Release Inventory).

QUESTION 3:
	Populations have increased drastically since the mid 1900’s and, as a result, there has been an increase in the amount of natural resources used for raw materials and energy (68).  In the 20th century, the US had an enormous increase in the consumption of natural resources, such as fuel use and material consumption; this increase began after the great depression and has continuously increased ever since (68-69—FIGURE 2.27).  Due to improvements in energy efficiency, it has allowed for the reduction in the amount of fuels that must be extracted in order for efficient transportation and lighting (68).  
Natural gas is described as the cleanest and safest energy source; it is a colorless, odorless, combustible and releases few emissions. Natural gas is composed of many different compositions including, methane, ethane, propane, carbon dioxide, oxygen, nitrogen and hydrogen sulphide. The reason why natural gas is so important to people is because it is associated with oil deposits; from these deposits, companies can drill wells in the earth and, sell the oil for money. It is stated that there is an “abundance” of natural gas; however, people do not always realize that this is a non-renewable resource which takes millions of years to form.  Therefore, yes, there is an abundance of natural gas right now; but, if we keep using it to its full potential there will probably not be any left over for future generations . 
According to the Energy Information Administration, there is 26.32 trillion cubic feet of natural gas, in the United States alone. Furthermore, it is important to take into consideration natural gas’s relationship with the environment. Natural gas affects the environment through its combustion process and, as a result, creates greenhouse gas emissions, smog and acid rain, decrease of air quality, industrial and electrical generation emissions and, lastly, pollution from the transportation sector. Furthermore, greenhouse gas emissions caused an increase in global warming. Smog, acid rain and air quality is affected by the combustion of natural gas but not significantly enough for it to cause damage. Continuously, the environmental implications of future energy resource extraction could cause some major problems to the environment and all organisms through the technology used to extract these natural gases. Natural gas can mostly be found in bodies of water that can affect the water levels, cause oil spills and shift and destroy marine ecosystems and loss of habitat. 
 
QUESTION 4:

 Emission Rate for worldwide greenhouse gas emissions follows the solution that actual emission rate of each substance is multiplied by the 20 GWP (534).  Thus, the results give us
	GREENHOUSE GAS & 20 YR GWP
	EQUATION
	EQUIVALENT 

	CARBON DIOXIDE
	29800 *1
	29800

	METHANE 
	56* 375
	21000

	NITROUS OXIDE
	5.7*280
	1596

	CFC -11
	5000*0.23
	1150

	CFC -12
	7900*0.23
	1817

	CFC-113
	5000*0.23
	1150

	HCFC -22
	4300*0.2
	860

	TOTAL
	---
	57373



Therefore, the percent contribution of actual  emissions is 29.8% (or 29800) to the total equivalent  is 53.966% (470, 534).  Methane is the next most important greenhouse gas emission based on this analysis because it comes to 21.0% as the total equivalent (470, 534).  These results for the 20 year GWP prove that actual  emissions were the same for the 100 year GWP; however, methane, CFC-11 AND HCFC-22 increased by 35, 1000, and 2600, respectively (470, 534).  Meanwhile, nitrous oxide and HCFC-12 decreased by 30 and 600, respectively (470, 534).  Although, the greenhouse gas CFC-113 remained unchanged between the 20 year GWP and the 100 year GWP (470, 534).  

