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Resources
· Renewable resources
· Replaced by natural process
· Within a few generations(?)
· On a human time scale (as fast as humans need it)- time
· Or can be replaced by sound resource management (conducts life cycle analyses of discards management options)
· Different ways to control resources and how they are replenished 
· Non-renewable resources
· Time scale is to long for replenishing 
· Not useful because it does not fit our needs
· Resources: another category 
· Abiotic
· Minerals, metals, …
· What makes these non-renewable 
· Fixed amount- problem is that it becomes locked up in areas that is not economically worth to retrieve it
· More expensive to extract it than what the material is worth
· Percentage lost in each process from extraction to final product
· Fixed amount
· Nuclear processes- breaks materials down 
· Economic (diffuse)- ex metals (lead-tetraethyl lead) 
· Composition change- ex. burning oil (start with gasoline, changes to CO2) or nuclear fission 
· Changes in amounts- ex. aquifer depletion 
· Biotic 
· Can be non-renewable if
· Species extinction 
· Damage ecosystems
· Pollution 
· Use of resources too quickly they can’t reproduce fast enough 
· Poor resource management 
· Genetic limitation/vulnerability- selective breading done by humans, reduces diversity
· Changes in population- ex. reduction in the size of cod due to overfishing (diagram on slide 4)
· Community (mix of populations)- Pisastor Ochracceus (a start fish that’s eats mussels) without these, two species of mussels had a high population increase affecting the population levels of others species, some disappeared, reduction in biodiversity 
· Xeno species- invasive species 
· Ecosystem level
· Biotic and abiotic
· Soil (destroy the soil)- change the structure of the ecosystem, things will not be renewable, may not be able to live in that ecosystem anymore
· Resources something that is useful for humans, something we can use
· Reserves stockpiles of resources
· Chart of reserves in Canada on slide 5, data from natural resources Canada 
· Reserves amount (thousands tones)- on diagram 
· Resource total amount
· Reserve what is economically viable
· More reserves
· Economic vs non-economic 
· Discovered vs non-discovered 
· McKelvey Box- slide 6
· Go from discovered to undiscovered by finding new reserves predicting an amount, and when you actually go into the reserve the amount is less than expected, another example is nuclear waste
· Roughly, for many minerals
· Abundance of the mineral in the Erath’s crust in tones is about 10^8(100,000,000) X the reserves in tones (diagram slide 7)
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Solar energy
· Renewable energy resources
· Can be broken down into different categories because of the different technologies to harvest the energy
· Direct processes
· Ex. heating the roof of the house
· Solar cell
· Thermal mass- for heating and desalinating water
· Photosynthesis- primary resource for the plant (for us considered indirect)
· Photovoltaic- major category
· Orbital- Popular in space
· Terrestrial 
· Thermal- major category
· Steam electric- tower, heat up top and boil water
· Non-electric space heat, water heater, hydrogen production
· MHD- magnetohydrodynamics 
· Take fuel that can be combusted to make an ionized plasma run it through a magnetic field to make electricity 
· Developed to use make steam to create electricity 
· Indirect process
· Ex. tomato plant
· Algae
· Wind
· Wood 
· Hydroelectric 
· Geophysical- major category
· Heat- in the geology of the planet
Applied in ocean thermal gradients 
Run ammonia in a pipe through the surface of the ocean to evaporate it and make electricity
Low efficiency
(Th-Tc)/ Th = Th “hot thing”, in Kelvin degrees
confined power plant ~33% efficient
solar ponds 
motion- falling water, wind and waves
all weather related processes
turbines in the middle of the ocean, wave come in water level go up and push the air which turn the turbine
electric and mechanical work 
osmotic electricity- combination of salt and fresh water which build pressure used for making electricity 
· Photo chemical- major category 
· Plant photosynthesis
· Food 
· Wood
· Non-food grains- ex. corn-ethanol to make gasoline
· Waste- for compost, energy
· Other- things that mimic photosynthesis 
· Sandia lab in the US- solar energy in (at a high temperature- 1500C), reactor with CO2 or H2O, and the product is CO (can be converted into gasoline) or H2 (makes hydrogen fused cells)  designed to make oxygen
· Closed loops
· Not very efficient 
· Never run out of gasoline 
Solar thermal direct processes
· Low temperature (<150C)
· Crop drying- for storage purposes, cheap to be done by the sun
· Greenhouses- lower temperature than 150C (40-50C preferably)
· Water distil/ salt production
· High temperature (up to 600C) 
· Solar cooking- done in a retained heat cooker (hole in the ground surrounded by rocks, with food on top)
· Industrial heating 
· Very high temperature (above 600C)- solar furnaces

Sun energy (primary energy)
· Transformations
· Delivered energy 
· How much energy is stored?
· How fast is it stored? Released?
· Sun, wind, waves, tides (not sun) intermittent (not on all the time), not a constant supply
· Energy storage- reserve for later use
· Photosynthesis nature’s way of storing energy 
· Process of transforming solar energy into chemical energy
· Chemical energy is the one being stored
· Food crops, biomass, fossil fuels energy storage created from photosynthesis
· Food crops- lasts for weeks to months
· Biomass- lasts for weeks to years
· Fossil fuels- lasts for the geological time 
· Photosynthesis is not very efficient
· Average efficiency light- chemical potential energy 
· 1%
· Ways to store energy:
· Sunlight heat (water)- passive solar
· Sun evaporation (hydrologic cycle)- gravitational potential energy (mechanical [water wheel], electrical [turbine])
· Elastic bow & arrow, slingshot
· Batteries in electronics, chemical energy (picture of battery on slide 3)
· Primary- use and throw out
· Secondary- can be recharged
· Flow- recharges itself
· Humans store energy in fat tissue (sunfatmotion)
· Nuclear storage in the nucleus of atoms (uranium, plutonium)
· Sun evaporation- hydroelectric 
· PH pumped hydro storage (can be done at a large scale)
· Oldest technique (late 1800s)
· ~ 3% of world’s generating capacity 
· diagram on slide 4
· when energy use is low- pump water into the higher reservoir
· when energy demand is high- release water from higher reservoir 
· Fairly efficient process- 70-85% (+)
· Can be turned on quickly (minutes) (+)
· Class designs of PH for underwater on slide 5, (dome one is the proposed design)
· CAES- compressed air energy storage (diagram on slide 6)
· Toronto is an example of this-slide 7
· AIR CAR- car that runs on compressed air
· No emissions (from car)
· But what about from compressors?
· FLYWHEEL- limit of how fast it can go dependent on the material made of
· Steel 5,000 rpm (reps per minute)
· Ceramic materials 50,000 rpm (useful range)
· Ex. Porsche 911 HYBRID (KERS)
· Kinetic energy recovery system 
· (+) charging cycles- 1 million to 10 million
· (-) high cost
· (-) high standing losses (20% per hour for the good ones)- Beacon Power (company that produces these)
· stops every 3 km and needs to tap into the grid for energy 
· Capacitors (ultra capacitor) 
· SMES (super conductive magnetic energy storage)
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· 
· IEA international energy agency
· USGS U.S. geological survey
· World total resource crude oil 6000 billion barrels of oil
· USGS numbers (in billions)
· Cumulative production: 750
· Proved reserves: 1000
· Undiscovered reserves: 750
· Reserves growth in the next 30 years: 600
· Unrecoverable reserves: 3000
· 2004 national energy board 174 billion barrels (tar sands)
· Canada oil production 2011- 3.6 million barrels per day (mbbl/d)
· 1 boe (barrel of oil equivalent)- 5.86 GJ (5.4-6.1 GJ temperature dependent 
· the end of cheap oil group 
· Cumulative production: 700
· Proved reserves: 1000
· Undiscovered reserves: 100
· Reserves growth in the next 30 years: none
· Unrecoverable reserves: 4200
· Peak oil diagram: on slide 3
· Assumptions of future oil peaks
· How long is it going to take to recover?
· EIA (environmental impact assessment)-> an assessment of the possible positive or negative impact that a proposed project may have on the environment, together consisting of the environmental, social and economic aspects.
· Climate change (CO2 atmosphere) (fossil fuel consumption)
· Countries have agreed nice to keep future temperature increase less than 7.4 degrees
· Halve CO2 emissions by 2050 (compound to 2008 levels)- known as the blue scenario. For this you need:
· Year-to-year investments in infrastructure (IEA numbers)
· Fossil-fuels power plants with carbon capture storage (CCS): 55
· Nuclear power plants: 32
· Large wind turbines: 17,500
· Square meters of solar panels: 215,000,000
· All world wide
· 
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· 
· USGS- concerned about peak oil
· Mission: The USGS serves the Nation by providing reliable scientific information to describe and understand the Earth; minimize loss of life and property from natural disasters; manage water, biological, energy, and mineral resources; and enhance and protect our quality of life.
· IEA- no peak oil 
· Will never get to it because of the issue of climate change
· Want to get people to stop using oil before we run out of it
· Therefore there will never be a peak oil
· Eliminate demand of it
· Net energy/EROI return on energy invested 
· Whenever energy is produced
· There are energy inputs 
· 1930s oil product in US- EROI over 100:1
· over time, the oil use may have to be refined more and therefore EROI decreases
· by 1970, EROI US oil 30:1
· globally “now” 20:1
· continually dropping and it will keep dropping 
· graph on slide 3
· EROI- peak oil related
· (Carbon intensity)- climate change related 
· off-shore wind- 35 (5)
· on-shore wind- 27 (5)
· large hydro- 23 (5)
· concentrated solar energy (solar towers)- 17-18 (10)
· wave- 15 (8-9)
· solar voltaic-7 (20)
· conventional coal- 7 a bit less (974)
· nuclear- under 5 (32)
· tar sands- 2 (25)
· clean coal- 2 (435)
· risk of peak oil vs risk of climate change
· peak oil
· rising prices for transportation
· more expensive traveling
· change in the way we travel
· smaller cars/lower speeds 
· most of the things driven by price change 
· change in materials, products 
· economic crash- social unrest
· increase in CO2 emissions 
· urban planning- work, opportunity costs
· too dependent 
· we can adapt
· climate change
· flooding (ice caps melting)
· food shortages
· positive feedback (more release of methane and carbon dioxide, making the earth inhospitable)
· natural disasters- stronger and more frequent storms 
· water shortages 
· weather instability 
· there maybe no turning back 
· we respond to crisis through price increases in oil, food etc
· resilience: the capacity of a system to absorb disturbance and reorganize while undergoing change, so as to still retain essentially the same function, structure, identity and feedbacks 
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· an example would be plating a fruit tree (food supply and reduce CO2) versus a regular tree (that only reduces CO2)

the power of community: how cuba survived the peak oil (video)
· cuba
· first country to go through the oil peak crisis
· experienced what we will all experience one day
· had to began growing food in any corner they could because of shortage
· shortage in oil because of soviet union breakup and middle east crisis
· import 500 000 bikes and manufactured more due to lack of energy for the buses
· cut off from importing capital, cut off connections with the usa
· even during the good times their system did not fulfill basic needs because of the crops they grew
· every piece of arable land was converted into organic agriculture
· Australian horticulture specialist came in 1993 to help with urban agriculture
· Farmers are now one of the highest paid workers
· More than 1000 kiosk providing local food to the people 
· In smaller communities urban agriculture provides 80-100% of the fruits and vegetables 
· 140 000 people are farmers, employs the most people
· smaller farms were formed because of high manual labour, therefore more farmers needed
· began to work with nature not against it
· today 80% of cuba’s agriculture is organic
· build fabric structures to protect crops from pests, bugs, and hurricanes
· rent free leases to farmers, as long as they are growing food if not the land is taken away from them
· some farmers give free food to neighbours, pregnant women, schools, elderly, day cares, etc
· even through the crisis, Cubans got free health care and education
· train more doctors than needed and sends them to developing countries (send some to Venezuela in exchange for oil) 
· need to renovate transportation systems: new trucks turned into buses, trailers holding up to 300 people 
· everyone has a place to live with 85% of people own their homes
· provide services near people’s homes 
· schools and clinics given priority for solar panels and wind mills
· modify electricity plants to burn poor crude oil
· to be politically independent you have to be economically and energy independent 
· think globally act locally (Cubans go by this)
· came together as a community to survive
· in usa
· begin to use alternative forms of energy (solar and wind)
· tax incentives given to those who used these energies
· gas only available every two days
· 
· slow increase up until the 1950, then steady increase until the 70s, slow decline for a few years and increase again
· now consuming 5 barrels per barrel we find
· increasing demand on oil globally, especially in developing countries like china


· 
· 
· 
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· 
Resilience 
· forest fires
· 4 factors: 
· drought (makes ignition easier)
· ignition source (generally speaking there are two: lighting, human activity)
· “fuel” (litter: branches, small dead plants, stuff that builds up on forest ground)
· connectivity of fuel (wind in this case)
· diagram on slide 2:
· go from: “R”, “K”, “omega”, “alpha”, and back to “R”
· developed by “Buzz” Holling 
· forest fires in the cycle (different time scales in each stage):
· r-growth of forest, development 
· k- succession, next stages of growth, the full forest, stability (build up and change that you don’t see)
· omega- release of the resource, forest fire (release of carbon, nitrogen, etc), fast process under the right conditions
· alpha- rebuild, gather up resources again
· “K” triggers “omega”, an abrupt change that you cannot go back 
· slide 3
· great “big enough” perturbations or change the shape of the hill to jump from one state to another 
· the bump: represents resilience, the higher the bump the more resistant the system is to the process, for example: the more resistant the forest is to a fire
· rob Hopkins: the guy that started the transition movement to reliance
· transition “people” it isn’t just peak oil or climate change- its both
· 3 factors (ingredients) for a resilient system 
· diversity- number of elements in the system, of connections, of functions
· modularity- manner in which system components  are linked: example, world banking system
· tightness of feedback- how quickly (and intensely) does change in one place affect another 
· sustainable activities: centralized recycling; ornamental tree planting; imported green building materials; local building materials (cobs); buying CDs
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· resilient activity: reduce packaging, localized recycling/compost system; plant native food trees; join a choir, support a local band

the tragedy of the commons
· Greeks
· Fates would dictate outcome
· Someone would try to avoid their fate
· They will fail
· Example: Oedipus (kill father, marry mother)
· Inexorable: you can’t stop it 
· The prisoner’s dilemma 
· Tragedy of the commons
· Hardin each herder in the commons has a choice- could ass one more animal 
· +1 benefit
· -1/# of herders cost
· eventually too many animals
· commons collapse
· ruin for all
· example of tragedy of the commons
· Lake Erie in the 70s
· Eutrophication too much nutrient 
· Discovered this fact after the accident
· Lakes used for testing in northern Ontario lakes
· Took a lake put a membrane in the middle, and put phosphorous in it and discovered an algae bloom
· Big dead zone in the middle 
· Dead zone came back recently
· A theory is the zebra mussels who bring up the phosphorus up from the sediments 
· Another example: air pollution (CO2, acid rain,…)
· Peak oil ? 
· Fisheries
· California Sardine (chart on slide 4)
· Northern Cod (Newfoundland)- chart on slide 4
· Peruvian Anchovies- chart on slide 5
· El Niño effect- change in wind pattern, stops upwelling (slide 5)
· Water with nutrients from deep ocean sediments
· When there is upwelling, lots of baby fish for the anchovies to eat therefore increase of anchovies population (recruitment)
· In 1997- second el Niño, fishers were aware of this by then and voluntarily stopped fishing
· Pauly- video on fisheries as a resources
· Does not believe that aquaculture can substitute fish for developing countries (because they are expensive and mainly consumed in the west)
· Problems of food security in developing countries
· 
· 
[bookmark: _WNSectionTitle_8][bookmark: _WNTabType_7]	2013-02-26 8:42 AM
· 
Daniel Pauly
· Canadian world fisheries expert
· Video- talk about how fisheries have expanded in recent times
· 3 axes of this expansion
· lower latitudes (southern hemisphere)
· greater depth 
· new (and generally non-traditional) species
· what is causing this expansion in fishing?- pressures on fisheries
· increase in demand- human population
· depleting fish in local area by selling it locally and globally (external demand)
· richer people- want to eat meat
· new markets
· technology improvements increase supply (meet demand)
· new equipment and techniques
· IPAT- impact (of people)= population X affluence X technology
· Designed by Barry Communar technology driven
· Paul Ehrlich population driven 
· Which factor is the most important one in terms of fisheries
· Populations
· Population proceeds technology
Reflects impact- dependent on how many people have access to the technology 
Demand

Energy (electricity)
· Conservation supply
· We don’t consume energy resources, we consume energy services
· Heating, lighting, motive power, communication, entertainment- what we want out of energy 
· Energy services are provided by a combination of things 
· Supply sources- coal, hydro, wood, gas, etc + Corresponding conversion technologies
· OR end-use technologies + efficiencies 
Depending on each combination of these (supply/efficiency) has different costs to consumers and society 
· What is the reserve?
· Supply side- (coal, natural gas) production technologies
· Demand side- amount of energy waste or potential savings in the system 
· What goes into production cost?
· Supply side
· Demand side
· Employment?
· Supply side
· Demand side
· 
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· 
· Quote: “data is the new soil”
· David McCandless
· Ted talk “the beauty of data visualization”
· Data is the new resource that we can shape for innovations 
· Which country has the highest child mortality?
· Pairs of countries each pair one has 2x the child mortality 
· Sri Lanka versus Turkey
· Poland versus South Korea
· Malaysia versus Russia
· Pakistan versus Vietnam 
· Thailand versus South Africa
· Need to have good health before you can grow
· Social change 
· 
[bookmark: _WNSectionTitle_10][bookmark: _WNTabType_9]	2013-02-26 8:42 AM
[bookmark: _GoBack]


Replace by ntra process.
Wi fw generatons(7)
O 3 human e scl (3 fs s nes ) e
O con e reiacd b sound rescurc mansgement (concucts e
erce e of daccts managemntopbord)

- Oifeent s o conrol escrce 3 how tey rs rplnisned

i sale 1 10 on or repenising

Percentag st n esch proces rom extacton .
Fxed amount

Econamic (afue)-ox et Gext-sctrset 030)
Composiion chang. ex. buig i (et wh gase,
Chonges 0 CO2)or ot fssion

Change inamuna. . squter depietan

Vs o esources oo auily tey ant eprouce st
Ganet kmtaton narabiy- selectve beading done
oy mons,redces sty




