Environment
Sustainability and Introduction to the Environment [image: ]

Environment: sum of our total surroundings, including all of the living and non-living things with which we interact
· “The environment is everything that isn’t me” – Einstein
· “The environment is everything and me” – Suzuki
· Biotic components of the environment: living things like animals, plants, forests, soils etc.
· Abiotic components of the environment: non living things like continents, clouds, icecaps, oceans
· Our built environment: structures, human-created living centers
· Social relationships and institutions: neighborhood and family relationships, mostly talking about government relationships, how society functions as a whole

Environmental Science: study of how the natural world works and how humans and the environment interact

Resource Management: strategic decision making and planning aimed at balancing the use of a resource with its protection and preservation
· Renewable Resources: replenished over a short period of time. Are often called stock-and-flow resources. Examples: sunlight, wave energy and wind energy)
· Nonrenewable Resources: finite supply and are able to be depleted because they form much slower than we use them. Examples: mineral deposits, metals, fossil fuels

Human Population Growth: 
· Stone Age Period: early humans gained control of fire and began to shape tools
· Agricultural Revolution: from hunter gatherers to a settled, agricultural way of life
· Industrial Revolution: urban society’s powered by fossil fuels
· Medical Tech Revolution: advances in medicine and sanitation 

Carrying Capacity: number of individuals of a given species that can be supported by the biological productivity of a given area of land. If the carrying capacity is exceeded the land will be damaged or the population will crash

Tragedy of Commons: developed by Garret Hardin. 
· Resources that are open to unregulated exploitation inevitably become overused and as a result are damaged or depleted
· Human nature to take was much as we can
· Use the resource until it is gone




Easter Island: 
· Island is now completely isolated
· Scientists have determined it was once lushly forested
· Built large monuments therefore needed more trees and rope
· By 1600, all the trees were gone
· Soil would have eroded away, faster run off of water meaning less fresh water. Erosion would have degraded agricultural fields
· Population decimated 
· Lessons:
· Society failed to heed environmental warnings 
· Population/consumption increased beyond carrying capacity
· Disparity between rich and poor
· Other examples:
· Mayans of Central America
· Roman Empire 
· Have we learned?
· Where do we stand today?
· Population growth
· Unsustainable economic growth and consumption
· Loss of biodiversity
· Decline of vital life-support ecosystems

Environmentalism: not the same as environmental science* it is the social movement dedicated to protecting the natural world

Millennium Ecosystem Assessment: program or scientific assessment completed in 2005 by over 2000 of the worlds leading environmental scientists of the present condition of the worlds leading ecological systems and their ability to continue supporting our civilization

Willingness to Pay: we reach a point where things are so bad that people are willing to pay to fix it.
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Sustainable Development: means pursuing economic, environment and social goals in a coordinated way
Sustainability: development that satisfies our current needs without compromising the future availability of natural resources of our future generations and quality of life 

Towards a Sustainable Future: 
· Resource transition:
· Renewable resources need to be used more than nonrenewable resources
· Stewardship: 
· Stewards ethic: faithful caring for something on behalf of something or someone else
· Beyond care for natural world—includes human relationships
· Environmental (in)justice
· Example: in Sarnia, first nation reserve, development of chemical plants all around them, soil and river is highly contaminated and altering sex ratios
· Demographic Transition: 
· In human population chapter*
· Sound Science:
· Science: essential if we want to develop solutions to the problems we face and sorting fact from fiction. It is the accumulated body of knowledge that arises from this dynamic process of observation, testing and discovery 
· Components to the Structure of Science:
· Data: measurable
· Theories: explanations
· Shaping principles: what is an environmental problem? Perception of what constitutes a problem varies between individuals and societies
· The Scientific Method: technique for testing ideas with observations, it involves several assumptions and a series of interrelated steps
· Makes observations of a phenomenon
· Ask questions as they are curious
· Hypothesis: educated guess that explains a phenomenon or answers a scientific question
· Make predictions: specific statements that can be directly or unequivocally tested
· Test predictions
· Results: either support or reject the hypothesis
· Testing Hypothesis: 
· Manipulative Experiments: provide the strongest type of evidence a scientist can obtain. It is when the experimenter actively chooses and manipulates the independent variable
· Natural Experiments: an experiment in which the researcher cannot directly manipulate the variables and therefore must observe nature, comparing conditions in which variables differ, and interpret the results
· Scientific Process: includes peer review, publication and debate. If a hypothesis survives repeated testing it may be incorporated into a theory
· Theory: well tested explanation of one or more cause-and-effect relationships which has been extensively validated by extensive research 
· Paradigm: a dominant philosophical and theoretical framework within a scientific discipline. With enough data to change opinions, a paradigm shift happens 
· Controversy in science occurs when…
· New information
· Complex phenomena
· Bias
· Subjective values
· Junk Science: poor data, explanations and theories that don’t follow from data, presentation of selective results
· Limitations of science…
· Process is slow
· Progress is slow
· We are continually confronted with new observations 
· Many observed phenomena do not lend themselves to simple experiments
· Science is incapable of providing absolute proof for any theory
· Sound Policy: 
· Public Policy: policy made by governments that consists of laws, regulations, orders, incentives and practices
· Purpose: promote the common good
· Informed by science
· Science influences policies through information and analysis
· Canadian Environmental Policy’s: 
· Federal: Canadian Environmental Protection
· Provincial: limits on discharging harmful substances. All provinces require people to obtain permits for undertaking activities that may be harmful 
· Aboriginal: resource extraction from Indian lands
· Municipal: pesticides, management of water
· International Agreements: UN Convention on International Trade in Endangered Species 
· Environmental Policy: policy that permits to human interactions with the environment
· 1700’ s-1800: this period is associated with the frontier ethic characterized by efforts to tame and conquer the wilderness. Environmental laws of this period were intended to promote the extraction of the continents abundant natural resources. 
· 1800’s: was aimed to regulate resource use and mitigate some of the environmental problems associated with Western expansion. Policies were influences by the emergence of the conservation and preservation ethics. 
· Conservation movement
· Pollution affecting human health
· Manage resources for future (e.g. Clifford Sifton)
· Preserve wilderness for public use
· E.g. Henry David Thoreau; John Muir
· 1900’s: immigrants encouraged to convert prairie grasslands into far,s; soil conversion
· Late 1900’s: policy responded to pollution and environmental crises. It was the modern environmental movement
· 1960’s/1970’s civil rights and peace movements
· Broader public interests—clean air and water, healthy food, wildlife, beauty
· Protect environment for own sake
· Reaction to significant environmental events
· Rachel Carson “Silent Spring” was a wake up call
· 2000’s: public enthusiasm for environmental protection
· The Social Context for Environmental Policy Changes Over Time
· Factors that advanced environmental policy
· Wide evidence of environmental problems
· People able to visualizes how to fix problems through policies
· Political climate: supportive public and leaders willing to act
· Economic confidence so people are willing to pay
· Approaches to Environmental Policy:
· Command and Control: approach to protecting the environment that sets strict legal limits and threatens punishment for violations of those limits
· Subsidy: a government incentive intended to encourage a particular activity
· Green taxes: levy on environmentally harmful activities and products aimed at providing a marked-based incentive to correct for market failure
· Polluter pay: Party that produces pollution, pays to clean it up
· Permit trading: practice of buying and selling government issued marketable emissions permits.
· Emissions trading system: a permit trading system for emissions
· Ecolabelling: designating on a products label how the product was grown, harvested or manufactures, so that customers are aware of the process and can decide between environmentally friendly products or not
· Market incentive: e.g. low flush toilets

Campus Sustainability: community, culture, curriculum and research, camus

Water: resource depletion, contamination from agricultural and industrial sources
· On campus: everyday we consume 1.7 million L of water everyday
· Our vision: to use no more water than the amount that falls on our campus naturally from rain fall
· The plan: accomplish this we have to set a goal of reducing consumption by 2% each year
· Tactics: water urinals, water aeration, water recirculation, rain water management

Energy: rising consumption, giant environmental footprint, and energy security 
· On campus: heating, lighting, ventilation, cooling, plug load
· Our vision: procure all our energy from renewable resources
· The plan: reduce energy by 2% annually
· Tactics: heat recovery in buildings, district heating and cooling

Waste: hyper consumptive society, massive secondary impacts, running out of space
· Our vision: zero waste campus
· The plan: reach a diversion of 60% by 2012
· Tactics: campus wide recycling and composting

Transportation: one of the largest emitters of GHG’s. Major contributor to poor air quality
· Our vision: car free campus
· The plan: 85% modal split
· Tactics: bike share, ride share, upass

Food: shortages are occurring at an alarming rate, food security is quickly becoming a problem
· Our vision: offer one vegan/vegetarian/organic/fair trade food option at every food location on campus
· The plan: become fair trade certified 
· Tactics: community gardens, bottled water free campus, meatless Mondays, muggy Mondays

Sustainability and the Economy: 
· Can happen more immediately or over time
· Enhanced economic opportunity
· Provides more jobs
· Waste costs more money
· If economic growth depends on over using resources then we will not be able to attain long term happiness by expanding our economy

Human Population Growth [image: ]
Malthus: claimed population would outgrow the available food supply until starvation war or disease arose and reduced the population. Humans are too lazy and immoral to voluntarily reduce birth rates. Believed people grew geometrically and food grew arithmetically


Paul Elrich: neo-Malthusian
· Like Malthus, he warned that the population growth would have disastrous effects on the environment and human welfare 

Karl Marx: exploitation and oppression by capitalists lead to poverty and social problems and poverty and social problems lead to population and growth. The solution= social change

Malthus and Marx Today: 
· Neo-Malthusian’s: we are approaching or have already surpassed earths carrying capacity
· Neo-Marxist: eliminate oppression and poverty via social change, wealth ad resource distribution. If we see oppression and poverty eliminated then we will see the population decline

IPAT: represent show our total impact (I) on the environment results from the interaction among population (P), affluence (A), and technology (T)
· Can also add a sensitive (S) factor (how sensitive the given environment is to human pressures) and stewardships (st)

Cornucopians: the world can always produce more through new technologies and new resources. Current population growth is stimulated by scientific and industrial revolutions—savior technologies. 

Demography: application of population ecology principles to the study of statistical change in human populations

Demographers: study population size, density, distribution, age, structure, sex ratio and rates of birth, death, immigration and emigration of humans. It is useful for predicting population dynamics and potential environmental impacts.

Positive Checks: things that keep population low like war, disease, famine—Malthus believes we have eliminated a lot of these population checks, hence the high population. Marx would note that the positive checks are eliminated in wealthy countries and oppressing the poor countries. 

Crude Birth Rates: number of births in a year per thousand

Crude Death Rates: number of deaths in a year per thousand

Total Fertility Rate: number of children born to an average women in a population during her life

Replacement Fertility: fertility rate that will replace woman and man


Doubling time: CBR-CDR/10 = rate of increase. 70/rate of increase = doubling time

Demographic Transition Model:
1. Pre-Industrial Stage: both birth and death rates are high. 
2. Transitional Stage: declining death rates because of improved food and medical care. Birth rates remain high because people haven’t gotten used to it yet
3. Industrial Stage: civilization advances, opportunities for women, children are less valuable. Birth rates fall, closing the gap with death rates and reducing the rate of population growth
4. Post-Industrial Stage: birth and death rates are low. Population stabilizes 

Developed Nations (Environmental Impacts):
· Impacts due to consumption not population
· Leave a considerably larger footprints
· As population rises, so does consumption
· The average American and Canadian uses at least 20 times the demand of Earths resources as does the average person in Bangladesh

Developing Nations (Environmental Impacts): 
· Low consumption per person
· Negative impacts due to population rather than consumption
· Hunting lots of the worlds mammals
· Degrades soils
· Overuses resources
· Poverty Cycle:
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Consequences of Population Growth
· These options typically exist for people who are desperate. They eventually cause environmental problems: 
· Urban migration
· Reform system of land ownership (hope government redistributes land so it is fair)
· Open up new lands (poor people over to North America, opening up new lands in Brazil)
· Intensify cultivation
· Illicit activities (poppies to make heroin)
· Emigration

Need for Large Families: 
· No old age security
· High infant mortality rate
· Children and economic asset
· Low importance placed on education
· Low status of women
· Few family planning options
· Child: a source of status 
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Food Security: the guarantee of an adequate reliable and available food supply to all people at all times

Undernourishment: less than 90% of their daily caloric needs. 

Over nutrition: Too many calories each day. Mostly in developed countries

Malnutrition: a shortage of nutrients the body needs like protein and vitamins ad minerals 

5 A’s of Food Security: 
· Availability: food must be produced in sufficient quantity and not diverted for other uses, such as the production of biofuels
· Affordability: poverty is the reason for most food bank visits in Canada
· Accessibility: it doesn’t help if the food is available but you can’t get to it
· Acceptability: if you were starving would you eat anything? 
· Adequacy: nutritional quality of food, as well as its abundance, must be sufficient to maintain a persons health, or they will slowly waste away

Green Revolution: an intensification of the industrialization of agriculture in the latter half of the 20th century. Which has led to dramatically increased crop yields per unit area of farmland. Practices include devoting large areas to monocultures of crops, specifically bred for high-yields and rapid growth, heavy use of fertilizers, pesticides, and irrigation. 
· Many people saw this as a key to ending starvation in developing nations
· Extensification (more land into production) and intensification (new technologies permit greater resource productivity from each unit of land) 
· Industrialized agriculture: large scale mechanization and fossil fuels combustion. Faster and more efficient ways of farming. Use of inorganic fertilizers and irrigation 
· Monoculture: planting a single crop over a large area
· It has increased production because it is more efficient
· It has reduced biodiversity over huge areas
Biofuels: organic materials tat are converted into liquid or gaseous fuels for use in internal combustion engines as replacements for oil or natural gas. 

High Yield Variety: group of genetically enhanced cultivators of crops such as rice, maize and wheat that have increased growth rate. Formed the basis for the green revolution. 

Threats to Food Security
· Soil Degradation
· Soil: complex plant supporting system consisting of disintegrated rock, organic matter, water, gases, nutrients and microorganisms 
· Soil formation: is slow and complex! 
· Parent material: base geological material in a particular location (rock)
· Horizons of Soil: each layer of soil
· O-Horizon: upper most layer, consists of mostly organic matter
· A-Horizon: just below O, consisting of inorganic mineral components, with organic matter and humus. Also referred to as topsoil. 
· B-Horizon: Also called subsoil. Minerals and organic matter leached (solid particles suspended or dissolved in liquid are transported to another horizon) from topsoil accumulate here
· C- Horizon: consists of parent material. Therefore contains rock particles that are larger and less weathered than the layers above
· R-Horizon: parent material. R=Rock 
· Soil Classification: 
· Colour: indicate its composition and sometimes its fertility
· Texture: determined by the size of the particles and is the basis on which soils are assigned to one of three categories (clay, silt, sand) 
· Structure: measure of the organization or “clumpiness” of soil
· PH: degree of acidity or alkalinity influences a soils ability to support plant growth 
· Erosion: removal of material from one place and transporting it to another by the action of wind or water. 
· Predicted soil loss by water equation: 
· A= R (erosivity factor: how hard the rain falls) x K (soil erodibility factor: grain size) x LS (slope length and steepness factor) x C (vegetation cover and management factor) x P (erosion control practices factors: leaving ruffage after producing a crop) 
· Tends to remove topsoil: the most important soil layer for living things
· Salinization: build up of salts in surface soil layers
· Irrigation: artificial provision of water to support agricultural irrigation often leads to water logging and salinization because it introduces new salt into the soil. In dry areas where evaporation rates are high, water evaporation from A-Horizon may pull up water from other layers and bringing up salts. 
· Desertification: loss of more than 10% of a lands productivity due to erosion, soil compaction, forest removal, overgrazing, drought, salinization, climate change, depletion of water sources. Cause deserts that once supported fertile land.
· Occurs in arid or semi arid areas and can result from various factors. 
· Their precipitation is too meager to meet the demand for water from growing populations
· Water holding capacity is diminished – erosion process
· Can occur from loss of organic material that protects soil
· Desertification in w. China: 
· Immediate causes:
· Overgrazing, and over ploughing of marginal lands, inefficient water use
· Distal causes:
· Removed control of heard sizes
· Results:
· Diminished productivity
· Health impacts
· Dust storms 

· Politics: 
· War
· Corruption
· Distribution 
· Neglect of rural populations
· Control of populations
· Manipulate markets 

· Biofuels:
· Using food for fuel

· Changing Diets: the lower on the food chain from which we take our food sources, the more people the Earth can support

· Climate Change: significant concern over the decades. May have a slight positive increase however mostly negative because it is changing precipitation patterns. 

Genetic Modification: direct manipulation of an organism’s genetic material in a lab, by adding, deleting or changing segments of its DNA

Transgenic: organism that contains DNA from another species 

Biotechnology: material application of biological science to treat products derived from organism 

Goals of GMO’s: 
· Disease desistance
· Drough tolerance
· Improved traditional value
· Incorporate human vaccines
· Longer lasting products
· Biofuel production
· Food production

What is being done?
· Cross breeds of genetically different plants
· Incorporation of desired traits into crop lines and animals
· Cloning of domestic animal
· Engineered to resist herbicides/insect attacks 

Examples of GM Crops:
· Golden rice: added vitamin A
· Flavr Savr tomatoes: riper longer on the vine, better taste that stays firm
· Pesticide resistance rape plants
· Insecticide sweet corn

Improving or threatening:
· Environment:
· Pest resistance to engineered toxins: no bio diversity 
· Broad spectrum impact on non-target species: other species can be effected
· Weeds that are resistant: super weeds
· Genetic drifts: you’ve got corn with fish genes and now weed with fish genes
· High disease vulnerability: if a disease dos get around it will kill all plants
· Health: 
· Proteins: possible allergic responses 
· Antibiotic resistance
· New toxic substances
· Uncertainty of risks to humans
· Access to new technologies:
· Profit driven
· Affordability in developing countries
· MNC control over small farms
· Terminator technology: seed will not be able to reproduce
· They will do what they can to make profit 

Cartegena Protocol on Biosafety:
· Imports: a “lack of scientific certainty due to insufficient relevant scientific information shall not prevent a country from taking a decision
· First time in precautionary principal officially adopted in an international agreement
· Ratified over 100 countries
· Labeling of GMO’s

Moving Forward: Sustainable Farming Techniques 
· Crop Rotation: altering crops in a particular field from one season to the next. Can return nutrients to the soil
· Contour Farming: ploughing furrows sideways across a hillside, perpendicular to its slope to help prevent gullies and reduce erosion on hills
· Intercropping: planting different types of crops in alternation bands or other spatially mixed arrangements
· Shelterbelts: rows of trees to reduce wind erosion
· No till: tractor pulls a drill that cuts long shallow holes through O-Horizon of dead weeds and the upper level of the A-Horizon. Device drops sees in to the whole and closes it over the seeds. Corn grows up through cover crops 

Organic food: grown without bug killer, fertilizer, hormones, antibiotics or biotechnology 
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Freshwater: water that is relatively pure, holding very few dissolved salts. Only 2.5% is considered freshwater. Most is tied up in glaciers, icecaps, and under-ground aquifers 

Salt Water: most of the world’s water is salt water, possibility that the world will run out.

Distribution of water: 
· Uneven
· Major issue
· US and Canada consume a lot because of agriculture and industrialized processes are not very efficient
· California has a water scarcity problem because of a lot of irrigation


Canada: ranks second best out of 147 countries on the Water Poverty Index
· 5 categories: resources, access, capacity, use, environment
· Canada does poorly because we consume a lot of water per-capita
· There is a lot available to use, it costs less then it is worth

Consumptive uses: when we remove water from an aquifer or surface water body and do not return it

Nonconsumptive uses: does not remove, or only temporarily removes water from an aquifer or surface water body. Like electric power production, residential

Dams: any obstruction placed in a river or stream to block the flow of water s that water could be stored in a reservoir. Build them to prevent floods, provide drinking water, facilitate irrigation and generate electricity. 
· Benefits: 
· Power generation
· Emissions reduction
· Crop irrigation
· Flood control
· Shipping 
· New recreational activities
· Drinking water
· Drawbacks: 
· Habitat alteration
· Fisheries decline
· Population displacement
· Sediment capture (build up, erosion, fertilizer)
· Risk of failure
· Disruption of flooding
· Lose recreational opportunities 

Three Gorges Dam in China:
· Holds more than 138 trillion litres of water. It will allow boats to travel farther upstream, and replace dozens of coal or nuclear plants
· Biggest dam in the world
· 1.3 million people have been moves
· when you flood, you have area/material underneath that degrades producing GHG’s 
· benefits: 
· Power
· Flood control
· Navigation
· Drawbacks:
· GHG’s
· Ecosystem
· Heritage
· People moving
· Potentially leading to pressure on tectonic plates

Ground Water: 
· Approx. 98% of all liquid fresh water
· Percolation: recharge but in many areas it is nonrenewable
· Overdrawing is a growing global problem

Aquifer: porous formations of rock, sand or gravel that hold water

Recharge Zone: dry area where water infiltrates Earth surface and reaches an aquifer below

Groundwater Withdrawal: 
· United States uses at a high rate. 
· Huge increases in groundwater use in India
· Most agriculture is fed through groundwater
· Using it at a much higher rate than it is being recharged
· Most aquifers recharge slowly
· 1/3 of the world relies on groundwater

Consequences of Overdrawing Groundwater
· As aquifers are depleted, water tables drop. Groundwater becomes more difficult and expensive to extract and eventually it may run out.
· When groundwater is over pumped salt water can intrude into aquifers making it undrinkable because their substrates become weaker
· Sometimes land subsides suddenly in the form of sinkholes, areas where the ground gives way wit little warning. When water tables drop, wetland ecosystems dry up (diminishing surface water) 
· Forests di off because they rely on ground water

Land Subsidence: 
· Mexico city: built on an aquifer
· Trees removed in mountains, more run off
· Effects how water is absorbed into aquifer, therefore it is not recharged the same way it was in the past
· City is sinking into the ground
· Lakes dry up, diminishing surface waters

Solutions: Increase supply/access or reduce consumption
· Ensure existing sources remain secure and clean
· Water shed management
· Polluter pays policies
· Prohibit bulk export
· Get/store more water
· Dams
· Tapping more groundwater
· Desalinization
· International development aid 
· Desalinization: removal of salt from seawater or other marginal quantity through the process of osmosis or distilling
· Distilling: hastens evaporation and condenses vapor
· Osmosis: forces water through membranes to filter salt
· Problems: 
· Expensive
· Consumes incredible amount of energy
· Done privately so there is corporate control
· Reduce consumption:
· Agriculture:
· Policies to encourage reduced use
· Efficient irrigation practices (surge flow, drip irrigation)
· Leveling fields to avoid runoff
· Low pressure sprinklers
· Choosing crops to match land and climate
· Municipal Uses:
· Incentives and regulations, limiting use
· Strict industrial, agricultural, and domestic regulations
· Promote conservation: low flush, water barrels
· Water at night when water loss from evaporation is minimal

Aral Sea[image: ]
· Located in Central Asia
· Bounded by: Uzbekistan and Kazakhstan
· 5 million people have been affected by the sea
· Was a major source of fish, employment
· Water was slightly saline but you cold drink it
· Aral Sea was a salt water sea but the two rivers that flowed into the sea were fresh water: creating a perfect saline level

Why is the Sea disappearing?
· Cotton industry
· 1950’s in the heart of the cold war, Soviet Union decided they needed to be more self sufficient in terms of cotton production
· Increase in cotton production = destructive agricultural practices and destructive irrigation practices
· Inflow of water decreased dramatically into Aral Sea because the two rivers were being removed for irrigation
· The salt absorbed into the ground and evaporated out

The Environmental Situation:
· Salinization of soils ad decline of agricultural capacity
· Deterioration of surface and ground water quality
· Pesticide contamination
· Wasting of water
· Irrigated in an unsustainable way
· Deterioration of ground water quality
· Salts going into the ground 

Further Impacts:
· Increased dust 
· Rise in salinity of the Aral Sea because fresh water was not flushing it out
· Disappearance of fish and wildlife
· Regional climate change
· Devastated economy
· Outmigration
· Deterioration of health

Health Impacts: 
· Nutritional deficiencies
· Stunting child/maternal morality, susceptibility to infections
· Diarrheal diseases
· Chemical contaminate exposures
· Cancer
· Tuberculosis
· Birth defects
· Mental health
· Drug resistant 

What is being done?
· Increase flow of rivers
· Dams
· Somewhat successful
· Dam build separating the larger and smaller Aral Seas
· Been done and see improvements 
· Diversion of rivers
· Proposed in 1960’s
· Estimated 10% of Ob and Volga rivers needed to refill Aral Sea
· Conservation
· Improve irrigation practices
· Upgrade canal system
· Environmentally appropriate crops
· International cooperation
· Public health
· Nutrition programs
· Diversify food production: moving away from cotton
· Improve water quality
· Risk communication
· Remove access barriers to health care
· Environmental and economic sustainability
· Dust control
· Big issues
· Recognition that the sea is gone
· Efforts to develop hybrid trees—species to be resistant to salt 

Environment and Human Health[image: ]

All environmental issues examined in course to date and coming up have human health implications 
· Population growth/decline 
· Water availability and quality 
· Soil quality 
· Biotech and food resources 
· Energy
·  Livable cities 
· Sustainable development

Sustainable Development and Health are Closely Linked
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Cannot develop sustainably with poor health. Societies are less productive when death rates are high. Heavily related to the environment, economy and society. 


Hazard: anything that can cause injury, death, disease, damage to personal/public property, or deterioration or destruction of environmental components
· Two ways to look at hazards:
· Lack of access to necessities
· Exposure to dangerous chemical, substances, activities

Risk: probability of suffering a loss as a result of exposure to hazard
Physical Hazards: physical process that occurs naturally in our environment and pose human health hazards.
· Natural disasters
· Tornadoes, floods, hurricanes, and wildfires
· Avoidance of risk important in prevention
· e.g. building homes in floodplains, living on coast
· Links between poverty and risks from physical hazards
· Location of residence or community: some areas are more prone to natural disasters than other areas
· Land degradation: deforesting makes landslides more common
· Resources to cope
· Health insurance/ access to medical care
· Poorer health
· Power and influence
· Poverty Greater risk More poverty…
· Environmental justice?
· E.g. New Orleans Hurricane Katrina in 2005 (black population and poor population were most affected) and Bangkok, Thailand 2011 (2/3 of Bangkok is under water)

Biological Hazards: Infectious Disease: human health hazards that arise from ecological interactions among organisms.  
· Pathogenic bacteria, fungi, worms, viruses
· Vector borne (transmitted through)
· Crowding
· Contamination of food and water
· Lack of resources for sanitation
· Lack of education
· More prevalent in developing countries
· Because of globalization, diseases can travel from one continent to the other
· People are evolving resistance to antibiotics
· Climate plays important role in transmission of many biological hazards
· Respiratory infections (influenza, pneumonia) is the leading cause of death by infectious disease.
· The leading causes of death around the world are cardiovascular (29.3%) and infectious diseases (26.1%)
· In developing countries communicable diseases are the leading cause of death
· In developed countries cancers are the leading cause of death
· Tuberculosis is more prevalent in Africa, Asia and South America 
· The poorer the country the more tuberculosis cases—related to income and social conditions
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· Pneumonia and influenza hospitalization in Ontario:
· Northern and rural areas have higher rates
Chemical Hazards: chemicals that pose human health hazards
· Anthropogenic—human made (e.g. pesticides) or natural (e.g. asbestos)
· Exposure via ingestion, inhalation, absorption through skin
· Common terms: carcinogens/mutagens (chemicals that cause mutations in the DNA of organisms), neurotoxins (attack nervous system), teratogens (chemicals that cause harm to the unborn),  
· Endocrine disrupters: toxins that interfere with hormones
· They stimulate growth, development, and sexual maturity, they regulate brain function, appetite, sex drive
· Pesticides, like DDT 
· One common type of ED involves the feminization of male animals
· Have been found most commonly in nonhuman animals like alligators
· But some studies have stated that the disruption of hormones could be causing testicular cancer and breast cancer
· Some chemicals degrade right away and some take a long time, like plastics, because they make them to last long. Often toxicants eventually degrade into simpler compounds called breakdown products which aren’t as severe as the original product
· Many chemicals go into the water from run off, if they are in the soil for too long then they can get into ground water and ruin peoples drinking water
· Chronic (low dose long term exposure) vs. acute exposures (high dose short term exposure)
· Chronic vs. acute health conditions (death)
· Acute: Bhopal, India
· Union Carbide: chemical manufacture that used a lot of pesticides
· Had a factory in Bhopal that was closed and had to be cleaned up but it wasn’t
· Massive explosion and a cloud of chemical killed residents
· Safety systems were disabled to save money
· Rates of cancer and tuberculosis have risen
· Women cancer rates have risen
· Victims have received almost no compensation for their suffering
· Union Carbide ignored charges and consequences
· Chronic in Ontario: Where is the problem the worst?
· Bad near Toronto
· Chronic exposure: Indoors
· Hazardous fumes from home products
· Molds, off-gassing, radon
· Asbestos, lead, toxicants in paints/plastics/cleaners etc.
· Dust mites and other allergens
· Gas exhaust—furnaces, stoves etc.
· Radon: highly toxic radioactive gas that is colorless and undetectable. It seeps up through the ground with certain types of bedrock and builds up inside of homes with poor circulation. It is known to cause lung cancer
· Lead ingesting: 
· Can come from older homes when water goes through lead pipes
· It can cause problems in the liver, kidney, stomach and brain
· Lead paint was commonly used in older homes 
· Health Canada is working on reducing lead in products
· Some toxins bioaccumulate through the food chain. Once one animal has it, the animal that eats it now has the chemical inside of them and so on creating biomagnification (high concentrations in top animals)
Cultural/Social Hazards: human health hazards that result from the place we live, our socioeconomic status, our occupation, or our behavioural choices. 
· AKA behavioural risk factors
· Consequence of choice
· Examples of risky behaviour:
· Smoking
· Alcohol and drug abuse
· Reckless driving
· Unsafe sex
· Smoking, obesity and alcohol use are the biggest killers from social hazards
· Behavioural choices but always environmental impacts
Risk Assessment:
· Risk:  probability of harm from a given exposure 
· Risk assessment: the quantitative measurement of risk involved in different activities or substances
· Scientific study of toxicity
· Assessing the likely extent of exposure to the substance (frequency, concentrations, and length of exposure) 
· Risk management follows from assessment process 
· Risk assessment asks:
· What chemicals are hazardous (hazard identification) 
· Case histories
· They have advanced our understanding of human illness but they do not always help us infer the effects of rare hazards
· Also tell us little about probability and risk such as how many deaths might we expect
· Experimental animal studies; experimental human studies?
· Epidemiological studies: large-scale comparisons among groups of people, usually contrasting a group known to have been exposed to some hazard and a group that has not
· A lot of weaknesses, rely on people to tell us their exposures and how there is a relationship there
· Takes a long time
· Advantage is that there is realism
· Who has been/is likely to be exposed (exposure assessment)
· Who has been exposed? How long? At what dose?
· At what dose will harm occur (dose-response)
· Relationship between amount of chemical and response of subject[image: ] [image: ]




Risk Management: the process of considering information from scientific risk assessment in light of economic, social, and political needs and values, in order to make decisions and design strategies to minimize risk. In environmental health, decisions are often hard to make because the benefits are often economic and the costs are often health related
· Evidence to Policy:
· Considerable uncertainty in science
· Different approaches/philosophies
· Numerous influences on management decisions
· Two approaches: 
· Innocent until proven guilty approach: product manufactures don’t need to prove a product is safe
· Benefit: not slowing advancement
· Disadvantage: putting into wide use substances not proven safe
· Out of the 100, 000 chemicals on the market today only about 10% of them have been tested for harmful effects
· Precautionary principle approach: substances are harmful until they are shown to be harmless
· Benefit: identifies troublesome toxicants before released
· Disadvantage: may impede pace of advancement
· The Influences on Decisions: 
· Influences on management decisions=not just science
· Science; economics; politics; public perceptions
· Science=uncertainty and/or just ignored
· Risk management considerations include:
· Cost-benefit analysis
· Risk-benefit analysis
· Public preferences
· Some examples: lead in gasoline, cosmetic pesticide use; BPA, Asbestos
· Policy and environmental solutions
· Citizens make personal actions and consumer choices to make solutions to environmental problems. We often distrust corporations 
· Combine this with the uncertainty of science… cause and effect of the environmental exposure and health and science is unable to provide and explanation so policies are often delayed by governments
· Science and Risk Perception
· Sometimes perception is more important than the science in decision making
· Highly risk conscious society
· Distrust
· Uncertainty in science
· Adequate cause-effect rarely established=action delayed
· Facts unknown so perceptions become central
· Sometimes perceptions do not match reality
· Some people are more afraid of airplanes than driving but in reality driving is a lot more dangerous
· They say this is because people fear situations in which they are not in control
Risk Perception:
· Factors affecting perception include:
· Familiarity with hazard
· Nature of different hazards (Bhopal vs. auto accidents)
· Risk is voluntary or forced
· Trust
· Control
· Benefit from hazard
· Fairness
· Media
· Children
· Timing—immediate vs. long term

Asbestos [image: ]
Asbestos: Two types: amphibole, chrysotile. Uses: magic mineral. Fibrous material that is resistant to chemical and heat and added to the building materials of many older homes.
Health Effects: hazard exists when undergoing a renovation or demolition for homeowners and workers, danger is releasing the fibers into the air
· Enter the mouth and nose
· Flow down air passages deep into the lungs
· Fibers lodge into the lung tissue where oxygen is absorbed into the blood
· Immune system tries to break it down and becomes damaged
· Scar tissue forms around the dead cells and spreads as more fibers are embedded in the lungs
· Fibers can remain in the lungs for long periods
· Eventually so much scar tissue develops that the lungs stop working
· From 2000, more workers have died from asbestos than any other workplace injury
· Leads to lung cancer

Canada and Asbestos—international disgrace?
· the town of asbestos Quebec has large asbestos mines
· In the 1960’s and 1970’s people started to realize it was a problem
· Canada is one of the biggest exporters of asbestos in the world, India is a big importer
· Export about 90 million annually 
· We do not use asbestos in our homes because we know it is bad but we are exporting it to developing countries
Risk Management: Asbestos
· What is driving Canada’s policies around asbestos?
· Scientific uncertainty? 
· Politics? 
· Economic? —Profits to be made
· Public perception? – Isn’t really a huge role internationally. Canadians are against asbestos. 

Fossil Fuels: Energy and Impacts [image: ]
Energy Sources: 
· Major sources have changed over time
· Consumption is increasing, the western world is the biggest consumers
· Primary Energy: using directly
· Fossil fuels, radioactive material, wind, water, solar
· Natural resources subject to exploitation
· In Canada the main primary energy consumption is oil, then hydroelectric power
· In the world it is oil then coal
· Get something out of it right away
· Primary fossil fuels: coal, oil, gas
· Coal is major primary energy source for electricity
· Globally=38%, US=55%, Canada=19%
· Nuclear and hydro are second
· Each represents approx. 18% of global production
· Secondary Energy: new energy being created from another source of energy
· Depends on a primary source for its production
· Whenever you’re creating a secondary energy you’re losing some of that energy during conversion
· Electricity
· A clean energy alternative?


Fossil Fuels:
· Highly combustible substances formed from the remains of organisms from past geological areas 
· Oil, coal and natural gas are the three fossil fuels used widely today
· Formed from tissues of organisms that lived 100million to 500million years ago
· The energy the fuels contain originally came from the sun
· Fossil fuels are produced when organic material is broken down in an anaerobic environment, one that has little or no oxygen
· Fossil fuel deposits are localized and unevenly distributed over Earth’ surface
· Developed nations (transportation, industry) consume a lot more fossil fuels than developing nations (food preparation, agriculture, home heating)
Coal: 
· Organic matter that was compressed under very high pressure to form a dense, carbon-rich solid material
· People have used coal longer than any fossil fuel
· Coal is extracted by using:
· Subsurface mining: method of mining underground coal deposits, in which shafts are dug deeply into the ground and networks of tunnels are dug or blasted out to follow coal seams
· Strip-mining: the use of heavy machinery to remove huge amounts of earth to expose coal or ore minerals, which are mined out directly
Natural Gas:
· Consists primarily of methane, CH4, and typically includes varying amounts of other volatile hydrocarbons
· Natural gas can arise from:
· Biogenic gas: created at shallow depths of anaerobic decomposition of organic matter by bacteria
· Thermogenic gas: results from compression of organic material, accompanied by heating deep underground
· Natural gas has only recently been widely used
· Today natural gas is increasingly favored because it is versatile and clean-burning, emitting just half as much carbon dioxide per unit of energy produced as coal ad two-thirds as much as oil
· Natural gas extraction becomes more challenging with time 
· Most fields remaining today require the gas be pumped to the Earths surface
· Drilling for natural gas happens not just on land but the seafloor as well


Problems with electricity:
· Environmental impacts
· Nuclear
· Hydro: 
· Coal/oil
· Secondary energy: laws of thermodynamics (energy is lost in conversion)
Energy Sources and End Uses:
· Not all energy sources are suitable for all uses, different processes need different things, example: coal, can’t use it for cars very well, takes a lot of energy.
· Some energy sources less efficient than others, example: electricity is less efficient for heating than gas
· Some processes limited to specific energy sources, examples: need electricity for lighting and computers, no alternatives
· Care must be taken to avoid ‘energy mismatches’: when were using oil it is a very low waste, high energy type of energy but we are wasting it on processes that don’t make sense. Using up resources we could use later on for something better.
Fossil Fuel Dependence: Oil
· Non-renewable resource
· Main source of energy globally
· Accounts for 37% of he worlds commercial energy consumption
· US consumes nearly one-fourth of the worlds oil and shows little sign of abating
· Crude oil is a mix of hundreds of different types of hydrocarbon molecules 
· Tends to form within a window of temperature and pressure conditions
· Some portion of the oil that is located by geologists will be impossible to extract by using current technology
· As much as two thirds of a deposit may remain in the ground after primary extraction, the initial drilling and pumping of available oil
· Companies may then begin secondary extraction, in which solvents are used or underground rocks are flushed with water or steam to remove additional oil
· We may have already depleted half of our oil reserves
· Global demand has increased from 60 to 87 millions of barrels per day in 20 years
· Estimates suggest 116 mbd by 2030
· Where will demand come from?
· Will production meeting the demand—can it keep pace?
· We are very dependent on petroleum
· Production of asphalts 
· CDs, DVDs
· Linoleum flooring
· Food production
· Agricultural l industry
Oil Crisis:
· Early 70s, drop in the United States: OPEC oil crisis
· 1970s
· OPEC, Arab-Israeli war (1973)
· OPEC stopped selling oil to the US
· Oil supplies dried up
· Western economies were hit
· Impacts on Canada (despite being oil producer)
· Increased or decreased because of higher cost of oil?
· Rate of exploratory drilling and discovery of oil: increase
· Production from previously closed ‘old’ oil fields: increase, start re-opening
· Efforts toward fuel conservation: increase
· Consumption: 
· Development of alternative energy sources 
· Did we learn a long-term lesson?
· Consumption increasing (SUVs etc.)
· Conservation policies abandoned
· Oil production subsidies
· Oil consumption subsidies (e.g. automobiles)
· Incentives to develop new energy sources cut
· Plans afoot to expand production into sensitive areas (Artic Ocean)
Hubbert Curves of Oil Production
· Hubbert predicted that the US would reach their peak in the 1950’s. it happened in the late 1960’s
· Oil production follows a bell-shaped curve 
· Global peak estimates: 2010-2015
· USA: slowly raises, peaks in 70s, drops off. The desperately want oil, yet their production is dropping off. Are they running out of oil?
· When oil is extracted, the primary is very easy to get. But after the pressure is gone it is difficult to get the next secondary oil, have to pump in gas and water to create pressure, oil comes out more slowly and costly.
· We are not running out of oil but it is unable to produce it at the rate we were able to in the past, hence dropping of oil production
· Just running out of cheap oil
Peak Oil: an increasingly mainstream concern
New oil field discoveries: discovering fewer and smaller oil fields. We are consuming more than we are discovering 

There are still new discoveries: Brazil
· May be biggest discovery in 30 years
· May produce up to 40 billion barrels over life span
· Up to 459 days of supply at current global consumption rate of 87 mbd
· Like most other new discoveries, access is dangerous and expensive
· “Drilling at depths that would crush a submarine”
· “Relies on technological systems so complex they’ve strayed from their roots in mining and become something akin to space exploration”

Oil Reserves are Questionable
· Iran, Iraq, Kuwait, Saudi Arabia, UAE, Venezuela working together to control the price of oil

Peak Oil—move to other fossil fuels?
· Coal
· Dirty but lots available (100’s of years supply)
· Natural gas
· Increasingly popular (heating, transport, mining etc.)
· Reserves relatively large (50 year supply?)
· Cleaner than oil
· High costs of transport
· Increasingly environmentally damaging: “fracturing technique”
· Oil sands (unconventional fossil fuels)
· Sedimentary material containing Bitomen
· Canada rich in oil sands
· Highly polluting
· Production costs are high (>$60/barrel)
· Profitability depends on high oil prices and low natural gas prices
Canada on the global energy scene
· 5th energy producer in the world
· 7th crude oil producer in the world
· Largest energy supplier to the USA in the world
· Second only to Saudi Arabia for proven oil reserves (oil sands)
· Alberta oil sands=3rd largest proven crude oil reserve in the world
· Relied upon internationally for our oil reserves

What are oil sands?
· Ingredients:
· Clay or sand
· Water
· Bitumen (rich in carbon and poor in hydrogen, black sticky substance, degraded oil, byproduct of organic material)
· Close to surface: mine by scraping off of the topsoil and then start digging down so you get massive trenches 
· Further below the surface: inject steam into the ground to make it more liquid to retrieve it. Heat the water to make the steam takes a lot of energy
· Natural phenomenon
· Unconventional petroleum deposit: heavy bitumen product would be considered unconventional because it can not be converted easy, requires a lot of investment and energy to get the bitumen out of ground)
· Tar sands: not actually made of tar. Tar is human made and this is a natural material.
· Widespread 
Mining the oil sands:
· Usually removed by strip-mining, using methods similar to coal strip mining
· Massive mechanical shovels take it out of the ground
· Hot water is added to separate the clays, sands from the bitumen
· It is then sent to an upgrading plant where it is processed to synthetic oil
· Very expensive process
Oil Sands Video:
· The tar sands is what is getting Canadas $$$
· But it is making Canada one of the worst countries in terms of the environment
· Boreal forest being removed in Alberta
· Natural gas usage high
· Water consumption is high
· Need an environment and an economy that is vibrant and can be passed on to children and grandchildren
Alberta oil sands advantages:
· Secure source of energy for future
· Reduced dependence on foreign oil
· Some countries are unethical (Saudi Arabia: lack of women’s rights) 
· We know our oil is ethical
· Canada=world leader in terms of energy production
· United States is very dependent on us
· “Overburden” can be replaced
· When you remove the top of the soil you can replant it
· Job opportunities
· In Alberta:
· Economic growth and new jobs
· New housing units
· Prosperity
· Increased quality of life, infrastructure, services
Alberta oil sands disadvantages: 
· Removal and extraction methods
· Costly, inefficient, carbon-intensive
· Land clearing—habitat impacts
· Fresh water requirements—high
· Tailing ponds—toxic, dangerous
· Pollution—air (globally)
· Animal and human health impacts
· Indigenous treaty rights, sacred places
· Pipelines
· Transportation of huge equipment

Oil shale: a sedimentary rock that contains abundant kerogen, which can be processed to produce liquid petroleum
Methane Hydrate: an ice-like solid consisting of molecule of methane embedded in a crystal lattice of water molecules. Being investigated as a potential new source of energy from fossil fuels
Fossil Fuels: a need for change 
· Ever growing threats of war as oil reserves become increasingly diminished
· Significant environmental impacts of extracting and burning more and more fossil fuels
· Economic costs increasing 
· Decreasing EROI (energy returned on invested)
· Makes other energy sources more worthwhile
· Lifestyle
· We should consider other energy sources that don’t require that much energy
Fossil Fuel Environmental Impacts
· Taking carbon from the ground and releasing it into the air, producing carbon dioxide, therefore drives global warming
· Releases methane
· Gasoline combustion in automobiles releases pollutants that irritate the nose, throat and lungs
· Can pollute water—run offs from roadways enter the rivers and sewage treatment facilities to be discharged eventually into the ocean as well as oil spills
· Coal mining can destroy large habitats and cause soil erosion
Political, Social and Economic Aspects:
· Nations can become dependent on foreign energy
· Supply jobs to millions of people
· Supply dividends to millions of investors

Supply Side vs. Demand Side Policies
· Supply side policies=increase energy supply
· Exploration and production
· Expand oil sand production
· Northern exploration; deep sea drilling

· Support foreign development (e.g. Iraq)
· Other non-renewables (coal, gas, oil sands, nuclear)
· Develop renewable energy supplies 
· Supply Side Policies:
· Renewable energy sources
· Direct solar power (passive or active)
· Advantages: 
· Significant potential
· Clean
· Free (sort of)
· Variable scales
· Disadvantages
· Expensive technologies
· Time/season dependent
· Requires backup energy supply
· Geographic constraints
Different Scales
Renewable Energy Sources:
· Water, wind, and biomass
· Indirect Solar Power—sun is driving force behind each
· Hydropower: movement of water:
· Significant source of electrical power in Canada
· Limited supply of suitable rivers
· Numerous environmental, social impacts
· E.G.s—China; James Bay
Wind Power
· Once common
· Today—0.45% of electricity supply
· Propeller and generator
· Benefits
· 0 emissions
· Becoming competitive ($$$)
· Drawbacks: 
· Inconsistent—winds vary
· Demand-production mismatch, when you need it the wind may not be blowing (necessary to combine sources). 
· Limited impact on oil or natural gas consumption
· Location specific
· Environmental impacts
· Birds 
· Bats 
· Migraines and other health problems
Renewable Energy for Transportation
· Biofuels; ethanol, biodiesel
· Ethanol from sugar cane, corn etc.
· Biodiesel from any recycled vegetable oil
· Clean and relatively cheap
· Limitations?
· Hydrogen:
· Clean and efficient fuel
· Burn it OR combine it with 02 to create electricity (fuel cell)
· Technology exists and car/busses in use
· Why aren’t we using it?
· Electricity (wind generated?)
No single solution
· Renewable energies
· Use specific (e.g. solar, wind etc. not viable for transportation)
· Region/environment/time specific
· Often small scale and local
· New environmental problems
· Combinations required
Ontario Renewable Energy Policy
· Announced March 21, 2006
· ‘Feed-in’ Policy
· Wind and solar energy
· Above market value purchase of energy by Government
· Purchase at 0.19 (wind) and 0.80/kWh (solar)
· Sell for 0.08/kWh in residential market
· To encourage development of industry
· Massive success in Europe: biofuels, wind and solar projects + 1000’s of new jobs
Demand Side Policy (vs. supply side)
· Demand Side Policies = reduce demand
· Conservation
· Set energy use standards (cars, appliances, building codes, light bulbs etc.)
· Encourage public transit/car pool
· ‘Time-of-use’ pricing (‘Smart Meters’)
· Cogeneration
· Research and Development
· Education
· ‘True-value’ pricing
Renewables in Ontario: Guest Speaker
What needs to be done?
To keep below 2 degrees, need to reduce global emissions by 80% from 1990 levels

Means a drastic shift towards increased energy conservation and developing renewable, non-fossil fuel energy sources

Values
Clean air
Clean water
Nature for grandchildren
Low toxins

Hydro electricity
· Turbines in a dam in a river
· Body of water behind their walls in the river valleys upstream
· Turbines capture the energy of water in motion to create electricity
· Run of river on or in-stream turbines are smaller versions with less environmental impact

· Advantages:
· Can produce power for centuries
· Hydro facilities are in good combination of other sources of power 
· 90% efficiency
· Good resources in Canada 

· Disadvantages:
· Extremely expensive to build
· Flooding of large areas of land can have significant environmental impacts
· Severely impact fish spawning 
· Forces people out of their homeland
· Depend on water availability

Tidal Power
· Energy from gravitational fields
· Like wind turbines under water, more energy in water than air
· More predictable than wind and solar power
· In demonstration but great potential (Scotland, UK, Nova Scotia, BC)

Wave Power
· Snake-like structures
· Energy from constant up and down waves 5-10 km offshore
· First project N. Portugal, ~3MW



Geothermal/Groundsource
· Energy from the heat of the earth
· Hot rocks 4-5 km below the earth produce steam
· Electricity generation in 24 countries while geothermal for heating in 70 countries
· Can also be used to heat and cool homes
· Ground stays a constant ~8c
· Most widely applicable
· Needs electric heat pump to convert 

Wind
· Wind power is generated by the use of turbines that are strategically placed to take advantage an area with prevailing winds
· The turbines capture the kinetic energy of the wind and harness it to create usable electricity 

· Advantages
· Wind is free, can be captured efficiently
· Very few greenhouse gases or other pollutants
· Takes little land. Land below can still be used
· Many people find turbines interesting feature (tourism)
· Remote areas that are not connected to the grid can use wind turbines
· Available in a range of sizes, applicable to a range of applications
· Disadvantages
· Wind is not constant and it varies from zero to storm force sometimes quickly, causes variability challenges
· Some people feel that the countryside should be left untouched, without these large structures being build
· Some people bothered by the noise
· Largest turbine available today 5MW (offshore 3mW onshore) when running at full capacity; need lots 

Solar Photovoltaic (PV)
· Advantages:
· Clean and silent
· No harmful air or water pollution
· Visually onbstrusive
· Mall-scale solar plants can take advantage of unused space on rooftops of existing buildings
· Locally available almost everywhere
· Peaks during summer loads
· Can be constructed to any size based on energy requirements
· Disadvantages: 
· Variable energy source, production dependent on the sun. luckily sun is predictable (within 3%)
· Some toxic chemicals, like cadmium and arsenic, are used in the production process. Can be easily controlled through recycling and proper disposal
· More expensive to produce than conventional sources of energy due in part to the cost of manufacturing PV devices and in part of the low conversion efficiencies of the equipment. As the conversion efficiencies continue to increase the manufacturing costs continue to come down, PV will become increasingly cost competitive 

Solar Thermal
· Solar thermal has the same energy source as solar photovoltaic’s. However, thermal solar uses the heat of the suns ray to create electricity. More common in Canada are solar thermal hot water panels. 
· Advantages:
· Energy from the sun is free
· Some can store heat and use it when necessary
· Usually situated in areas with few other uses 
· Smaller solar thermal systems can be used in households to provide hot water and space heating 
· Disadvantages:
· Large-scale solar thermal instillations require significant amounts of sunlight and take up space. 

Passive Solar
· Passive solar is the efficient use of the suns heat. Examples include: orienting homes toward the south, including large windows to capture sunlight, few windows on the north, heat distribution mechanisms, and incorporating thermal mass to absorb and then dissipate heat when the sun is no longer shining
· Advantages:
· Highly energy efficient, reduces heating and cooling demands and costs by as much as 50%
· Reduces greenhouse gases
· Attractive and comfortable living space
· No additional investments in mechanical and electrical “active solar” services to capture free energy
· Disadvantages:
· Construction costs can run higher than for conventional homes, and mistakes can be made in the choice of building materials, especially window glass, if designers not trained
· Room and furniture layouts need to be planned carefully o avoid glare and ensure air flow
· Must be designed so that spaces remain cool in the summer

Biomass
· Biomass includes any organic materials that can be burned and used as a source of fuel. Wood is the main sources; this includes saw-dust or any type of waste from wood is produced to make wood-pellets and used as fuel for wood pellet boilers and stoves. Switch grass and alders also are used. Efficiencies a challenge. Combined heat and power best. 
· Advantages:
· Reduce needs for fossil fuels for the production of heat, steam nd electricity for residential, industrial and agricultural use
· Can be used for combines heat and power
· Dispatchable, thus balances variable sources
· Widely available and cab be produced as a renewable resource
· Can be carbon neutral
· Biomass crops can be grown on land that is unsuitable for other crops
· Disadvantages: 
· Forest biomass, if not harvested sustainably, can contribute to deforestation and be carbon sources
· Not efficient if heat not also used
· Agricultural wastes will not be available if the basic crop is no longer grown
· Crops take up space
· Combustion of biomass cause air pollution



[bookmark: _GoBack]Biogas
· Organic waste such as manure, food scraps, or farm wastes can b anaerobically digested into methane. Fertilizer remains.
· Can be used for natural (heating, cooking, transportation) or for electricity production
· Landfill gas also produces methane

Green Energy and Green Economy Act
· One of the worlds most progressive acts
· FIT/microFIT programs
· Enables everyone’s involvement
· Creating green jobs and energy in Ontario with domestic content (50,000 predicted) 

The Urban Environment: Creating Livable Cities
Canada is about 80% urban
50% of people live in cities worldwide 
Your City:
· How would you rate Ottawa in terms of sustainability
· What steps need to be taken to make Ottawa more sustainable?
Urban Sprawl: Definitions
· The spreading (often unplanned and uncontrolled) of urban development into areas adjoining the edge of the city
· Physical spread at rate greater than rate of population growth
· Suburban (Canata, Orleans) or exurban migration 
· Cities are becoming less dense
Measuring Sprawl: 
· Residential density:
· Neighborhood mix of homes, stores, and workplaces
· Accessibility of the street networks: streets are all intertwining, hard to have public transit
· Strength of activity centers and downtowns
Origins of Urban Sprawl
· Pre WWII: massive amounts of energy, demand from homes after people coming back from the war and a lot of money
· Post-WWII economic boom
· Demand for housing = boom
· No growth plans and dysfunctional zoning: build them as fast as possible
· Highways built and public transit destroyed: cars were really taking off. Wanted people to buy cars so they created demand for cars
· Perceived ideal- “North American Dream”
· Technology (telecommunications, internet)
· Benefits of suburbs and urban sprawl?
· Green space
· Access to parks
· Get away from pollution
Negative Impacts of Urban Sprawl: Environmental
· Alteration of land:
· Loss of agricultural land
· Loss and fragmentation of wildlife
· Loss of biodiversity
· Road kill of numerous animals
· More energy consumption
· Depletion of energy resources
· Increasing air pollution
· Increasing climate change
· Hard surfacing: upsetting the water cycle
· Increasing runoff 
· Flooding
· Steambank erosion
· Degrading water quality
· Decreased infiltration: lest water seeping into the group
· Depletion of water resources
· Land subsidence
· Saltwater infusion
Environmental Impacts of Urban Sprawl: Simplify and Destabilize
· When you take an area that was once forested with a bunch of different plant species, swamps, animals etc. and turn it into acres of urban land there is less biodiversity
Environmental Impacts: Ontario Farmland
· We are converting farmland into urban areas
· Development has been increasing
Impacts of Urban Sprawl: Quality of Life
· Increase in vehicle ownership and driving mileage*. Own more vehicles on average and drive more on average as a result of our cities
· More fatal accidents
· Decrease in walking and mass-transit use
· Congestion delays
· Cost for municipal services
Registered Motor Vehicles
· More registered vehicles 
· Ottawa is going down
Impacts of Urban Sprawl: Quality of Life
· Human health impacts
· Higher increase of obesity and high blood pressure
· Frank et al.: 5% increase in ‘walkability’ associated with:
· 32.1% increase in time spent in physical activity
· 0.23 point reduction in average BMI
· 6.5% fewer vehicle miles traveled
· 5.6% fewer grams of nitrogen oxide emitted
Calgary: Estimates of public service provision by development type
· Cheaper between in compact cities than dispersed cities
· If you’re saving money in these ways, there is more money for other things
Livable Cities:
· Livable=sustainable
· Goal of “Smart Growth”
· Economic, social and ecological factors key to both
· Livability=people like living here vs. elsewhere
· Related to crime, recreation, health, cultural and professional opportunities (is it close to work?), cost-of-living (is it affordable?), environment factors, etc. 
“Smart growth” aims to counter sprawl and make cities livable
· Urban growth boundaries and other land use policies to control growth
· Proponents promote:
· Healthy neighborhoods and communities through parks, street systems that accommodate pedestrians and bikes
· Jobs and economic development: within that area so people don’t have to drive out to get to work
· Transportation options: do we need to be as reliant on 
· Environmental quality
· Building “up, not out”
· Focusing development in existing areas (vacant parking lots turning into homes)
· Favoring multistory shop-houses and high-rises (maybe shops on the first floor, businesses, then condos)
Ten Principles of Smart Growth:
· Mixed land uses, not just houses, not just commercial
· Compact building design, starter home used to mean 1.5 bathrooms, now on suite bathroom, 4 bedrooms (our expectations are growing, we can grown in smaller places) 
· Range of housing opportunities and choices (wealthy, poor, social services all together to make a strong community)
· Walkable neighborhoods
· Distinctive, attractive neighborhoods, invest in art, make a neighborhood appealing
· Preserve open space
· Develop existing communities; do we need to take down old communities to make new ones?
· A variety of transportation choices
· Predictable development decisions, people want to know that zoning rules will be followed if investing in a place. If someone wanted to invest 500 dollars in solar panels, they want assurance that they can pay that off by selling energy to the government etc. therefore, need to be rules that people can plan around, hence more likely to invest in thing. 
· Community collaboration in development decisions, 
Transportation options are vital to livable cities
· Automobile-bus-commuter rail- light rail- heavy rail (energy consumption for different modes of transit)
Curitiba, Brazil
· A model of urban planning
· Original city fully planned
· Strict planning restrictions in place
· State of the art public transit system
· Bi-articulated buses
· Dedicated lanes on major roads
· 85% usage rate
· Model for many cities
· Preservation of green space a major priority
· (Average 54m2/person)
How is Ontario Doing? Ottawa?
· Some successes:
· Toronto greenbelt (Oak Ridges Moraine)
· Vision 2020 initiative to many cities
· Dedicated gas tax to cities for public transit. Money given to cities specifically for public transit
· Some failings:
· Few incentives for ‘smart growth’
· Zoning rules that encourage low-density development, lots of parking etc. Easier to build in country areas than in urban areas
· Weak regulatory framework
· Limited community consulation (often insincere)
· Suburban interests over urban—tax rates; voting strength in urban area isn’t as strong as suburban; etc.
· Underpricing automobile use—roads, parking, environmental impacts
· Underpricing location related costs
· Undervalue non-motorized modes of transit—changing?
· Lack of commitment to public transit—changing?
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