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• Sustainability? Being sustainable?

• Sustainability regarding resource consumption

• Sustainable energy sources

• Green engineering and life cycle assessment
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• Sustainability (in dictionaries)

– The ability to be maintained at a certain rate or level

– Harvesting or using a resource so that the resource is not 

depleted or permanently damaged

• Sustainable development (WCED, 1987)

Development that meets the needs of the present without 

compromising the ability of future generations to meet their 

own needs
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http://sdgs.un.org/goals
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http://ncsd.go.kr/
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• Renewable resources

– Resources that can be replaced within a few human 

generations

– timber, surface water, solar energy, wind energy

• Nonrenewable resources

– Resources that are replaceable only in geologic time scales

– fossil fuels (coal, petroleum, natural gas), metal ores



9



10

Material Net heating value

(MJ kg-1)

Charcoal 26.3

Coal, anthracite 25.8

Coal, bituminous 28.5

Fuel oil, no. 2 

(home heating)

45.5

Fuel oil, no. 6 

(bunker C)

42.5

Gasoline 

(regular, 84 octane)

48.1

Natural gas 53.0

Wood 13.3-22.3

Typical net heating values World commercial energy 

reserves of fossil fuels

Fuel Energy reserves (EJ)

Coal 24,000

Oil 12,700

Natural gas 7,500

EJ: exajoule, 1018 J

MJ: megajoule, 106 J

World fossil fuel supply 

(record+forecast)
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• Assuming constant demand over time

�� =
�

�
�� = time until exhaustion (yr)

� = energy reserve (EJ)

� = annual demand (EJ yr-1)

• Assuming geometric growth in demand:                                                 

solve for � from the following equation

� = �
1 + 	 
 − 1

	
� = number of years until exhaustion

	 = annual growth rate (in fraction)
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Q: In 2015, the world consumption of coal for energy was 160 EJ. 

Assuming the demand remains constant, how long will world 

reserves last? The estimate of the average world consumption of 

coal-based energy ranged from a 0.6% increase to a 1.8% 

decrease in 2015. Using the 0.6% increase, estimate how long 

the world’s coal reserves will last.
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• Tar sands (oil sands) & shale gas

– Not included in slide#10 data

– Discovered (or mining became feasible) recently

– Consumes a huge amount of water / generates highly polluted water

• Tar sands

– Sands laden with petroleum

– Estimated reserves: 3.7 x 1011 m3

– Amount recoverable with current technology: 2.8 x 1010 m3

• Shale gas

– Estimated reserves: 4,000 EJ in 2010, being updated with rapidly 
growing quantity

– Natural gas in shale formations

– Mined by hydraulic fracturing
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tar sands

shale gas extraction by 
hydraulic fracturing
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• Hydropower

– Potential E of water  Kinetic E of water          Electricity

– Power available

turbine

= � ∆�
��

��
= � ∆� ��

� = acceleration due to gravity (=9.81 m∙s-1)

∆� = difference in water elevation between the water surface 

at the top of the dam and the turbine (m)

��/�� = mass flow rate of water (kg∙s-1)

� = water density (kg∙m-3)

� = water flow rate (m3∙s-1)

• Solar energy

– Photovoltaic systems: good for distributed generation & supply

• Wind, geothermal, wave, tidal, …
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• Biofuels from biomass

– Combustion of biomass

– Recovering fuel from biomass: bioethanol, biodiesel, biobutanol, …

• Bioethanol

– feedstock (ex: corn)                glucose                         ethanol

– Blended with gasoline

• Biodiesel

– Use soybean oil (ex: canola oil) as feedstock, produce alkyl esters 
using f…?, blended with diesel

• Biobutanol, biomethane

hydrolysis fermentation 

(by acid or enzyme) (by yeast)
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• Oxidized in a fuel cell to generate electricity

• No pollutant generation in fuel cells

• To be a renewable energy H2 should be generated from 

renewable sources (ex: water splitting in photovoltaic cells)

• Challenges

– High cost, longevity of the fuel cell, safety 

concerns, transport & storage problem of 

H2, poor infrastructure

<fuel cell>
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• Design, commercialization, and use of processes and 

products that are feasible and economical while

- Reducing the generation of pollution at the source

- Minimizing risk to human health and the environment

• Need to consider the whole life cycle (from cradle to grave)

of products

– Mining/collecting resources, production, use, waste 

management including disposal, and transportation involved

– Generation of pollution and risk for each step

– Potential ways to reduce the pollution and risk
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• A technique to assess the assess the environmental 

aspects and potential impacts associated with a 

product, process, or service, by

– compiling an inventory of relevant energy and material 

inputs and environmental releases; 

– evaluating the potential environmental impacts associated 

with identified inputs and releases;

– interpreting the results to help you make a more informed 

decision.
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*EVOO: 

extra virgin olive oil 

*
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Dredging

Capping

C-VAC/C-RAC 
amendment
C-VAC: coal-based 
virgin activated 
carbon

C-RAC: coal-based 
recycled activated 
carbon
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[ENG]  pp. 319 – 322, 345 – 366 

[KOR]  pp. 307 – 310, 335 – 351 

Water treatment I

• Water treatment process – overview 

• Coagulation & flocculation

• Softening
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