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Chapter 1: Introduction to Energy

General Idea:

· Energy being transferred within the system does not change the total amount of energy in the system.
· Once something from outside puts energy into the system, then the total will change.

Work and Energy in Physics:

· Energy: Ability to do work
· Work: Transfer of energy
· Circular motion, energy needs work and work needs energy to function
· Can be used to make predictions about the natural world, make calculations, etc.

Work:

Work = Force x Distance
· A guy pushing a box means he is transferring energy to the box
· Examples of work:
. Two guys lifting a 1kg box, one lifts it 2m in the air and the other lifts it 1m and holds it there for an hour. Although they both feel like they’ve done work, only the guy who lifted the box two metres is doing work. The other guy is not doing work since he is not changing the energy in the box.

Types of Energy:

· Chemical Energy: energy stored in certain chemicals or materials that can be released by chemical reactions (burning of wood, paper, coal, etc., releases chemically stored energy in the form of heat energy). 
· Kinetic Energy: the energy an object has due to its motion, depends on the mass of the object and the velocity of the object. It’s one type of mechanical energy.

K=12mv2
· Thermal/Heat Energy: the energy associated with random molecular motions within any substance.
. Increases of heat energy in any substance result in temperature increase, and, vice versa.
. Hot water = motions of molecules move more quickly than cold water.
. Increase in temp = increase in thermal energy
· Potential Energy: potential energy is associated with the position of an object when some force is acting on it. The higher the object is the more potential energy it has. Also a type of mechanical energy.
· Electric Energy: energy stored by charges (positive/negative) in their electric fields. 
· Electromagnetic Radiation: is also called light. Can be visible or not (one small range of spectrum is visible). Has the form of a wave that carries energy.
· Nuclear/Mass Energy: Einstein’s theory, he found that there is a correspondence between mass and energy. Mass can be converted to energy and vice versa. Important when looking at nuclear reactions.

E=mc2
· c=speed of light (30,000 km/second)

Units of Energy:

Joule (J)
· Is the metric unit of energy. (Work is measured in Joules) 

British Thermal Unit (BTUs)
· Often encounter this unit in discussions of fuel and insulation.
· The amount of energy it takes to raise the temperature of 1 pound of water by 1 degree fahrenheit. 

Calorie (C)
· Amount of energy required to raise the temperature of one gram of water by one degree Celsius.

Electron-Volt (eV)
· Small amount of energy which is useful when working with tiny charged particles
· Amount of energy an electron gains if accelerated by a 1-volt electric potential.

Chapter 2: Energy Transfer and the Conservation of Energy

Santa sliding down hill example:
· Potential energy is transformed into kinetic energy

Energy Flow
· Energy can be transformed from one type to another
· There can be many energy transfers

Example: Guy starts pushing box slowly and picks up speed
· Simple energy flow:
. Applied force: work done on box → Kinetic energy

· More complete energy flow:
. Nuclear energy from sun transforms into electromagnetic energy(light rays), which then becomes chemical energy in plants through photosynthesis, chemical energy when someone eats something, uses that chemical energy to do work on the box.
. Nuclear energy → Electromagnetic energy → Chemical energy → chemical energy → Work on box

Law of Conservation of Energy
· Law of conservation of energy: the total energy in an isolated region (or “system”) cannot change
· Isolated system: energy can neither enter nor escape the system
· The total amount of energy is conserved, it can be transferred from one form to another, but not created nor destroyed.
· In both examples, no energy disappearing
· In an isolated system, energy stays in the system and is conserved (no entering or exiting energy)
· In an open system, some energy will escape so energy is not conserved.

Energy cannot be created or destroyed, it can only be transferred  




Power
· Power is the rate at which energy is consumed or produced (amount of energy per time)
· Metric unit is watts (W) which is joules per second (s)

Power=EnergyTime     (Watts=JoulesSeconds)

Lecture 3: Thermodynamics, Heat Engines, Power Generation

First Law of Thermodynamics
· Change in internal energy of a system = net heat transfer into the system - the net work done by the system (same as principle of conservation of energy)

Second Law of Thermodynamics
· Deals with the direction taken by a spontaneous process in one direction only, they are irreversible
· Heat (or energy) transfer occurs spontaneously from higher to lower temperature bodies, but never in reverse

Entropy
· Is a measure of disorder or randomness of a system
· Less order = higher entropy, high order = lower entropy
· In an isolated system the entropy of the system increases over time
· Ex: Diffusion
· More entropy generated, less useful energy to do work

Mechanical Equivalent of Heat
· Thermal energy → Mechanical energy
· In order to convert thermal energy to mechanical energy we must capture the heat first by using heat engines

Energy Content of Fuel
· When we burn hydrocarbons, heat energy is released through 2 chemical reactions
. C + O2 → CO2 + Heat energy
. H2 + O → H2O + Heat energy

Heat Engine
· Any device that can take energy from a warm source and convert a fraction of this heat energy to mechanical energy
· It relies on a temperature difference between the heat source (hot) and the heat sink (cold)

Efficiency
· The efficiency of a heat engine tells us how much of the input heat energy is turned into useful mechanical work

Efficiency = Work DoneEnergy put into the systemx 100%

· As a result of the second law, it is impossible to turn all of the input energy into mechanical energy
· Best efficiency possible by a heat energy:

Efficiency (best) = (1-TcoldThot) x 100%

· Need to use Kelvin scale, 0 degrees celsius = 273K

Faraday’s Experiments
· Opening or closing switches creates a momentary current
· Pushing the coil into the magnetic field or pulling it out momentarily creates a current
· Pushing a bar magnet into a coil or pulling it out momentarily creates a current

Faraday’s Law of Induction
· This law describes how changing magnetic fields through a wire coil results in an electrical current through that coil

Electrical Generator
· Through the process of electrical induction, mechanical energy → electrical energy
· By turning the wire loop (mechanical energy) the magnetic field passing through the loop changes which generates a current (electrical energy)

Lecture 4: Energy Consumption

Energy Use Per Capita
· Amount of energy used per person
· Wealthier countries use more energy per capita than poorer countries
· Account for 60% of world’s energy use
· Tied to growing economies, growing economies will use more energy
· Energy can be consumed in four sectors for developed countries: Residential, Commercial, Industrial, Transportation

Renewable and Non-renewable Energy 
· Non-renewable resources: could be used up within a short time as a result of us exploiting them 
· Renewable: can never be consumed to completion

Non-Renewable Resources
· Fossil fuels: coal, oil, natural gas
. Being produced on a time scale of 100s of millions of years but are depleted in 100s of years, that’s why they can run out
· Uranium 235: used for nuclear fission power generation
· Geothermal:
. Their lifetime varies from site to site

Renewable Resources:
· Based on solar energy: 
. Direct sunlight
. Wind
. Hydroelectric
. Ocean currents
. Ocean thermal
. Biomass
· Limited only by the lifetime of the sun
· Not based on solar energy:
. Geothermal: can be locally depleted, renews over 100s of years
. Tidal: comes from the gravitational energy between the Earth and the moon


Fossil Fuel Use:
· In highly developed countries, the percent of fossil fuel consumption is decreasing (does not mean total consumption is decreasing)
· In North America and Europe, coal consumption has been decreasing
· In North America, petroleum consumption has plateaued, natural gas consumption increasing

Fossil Fuel Trends:
· Overall consumption is increasing
· All countries are at least 50% dependent on fossil fuels
· Fossil fuel uses varies by: region and type of fuel
· Sankey Diagram: In Canada
. Coal
. Oil
. Natural Gas

Renewable Energy Consumption:
· Clean energy is energy that does not use carbon dioxide
· Alternative energy is becoming more popular
· Strong link between a country’s income and the use of alternative energy

Sankey Canada:
· Majority of renewable energy used in Canada in hydroelectricity
· Wind and Solar used for production of electricity
· Biomass use is dominated by wood burning by the pulp and paper industry
Electricity Generation: Canada:
· A percentage increase is projected for:
. Natural gas
. Wind
. Solar
· A decrease is projected for:
. Nuclear
. Coal (big change)
. Hydro (small Change)

Lecture 5: Fossil Fuels

Coal reserves:
· Most abundant fossil fuel, Northern Hemisphere
· At current rate of consumption, coal reserves could last approximately 200 more years

Coal Mining: Surface:
· Used for shallow coal deposits, coal is close to the surface 
· Soil and rock above the coal deposit (overburden) is removed → exposed coal is then extracted
· Strip mining: long narrow strips are mined
· Open pit mining: dig a giant hole and extract the coal
· Mountaintop removal mining: the top of a mountain is removed to expose the coal

Coal Mining: Subsurface:
· Used when deposits are deeper and harder to access
· Series of tunnels and shafts are used to remove coal underground
· More expensive, more dangerous for workers, less surface impact

Safety:
· Practices today are getting safer when mining, there is still risk
· Deaths are decreasing



Mining: Environmental Impact:
· Acid mine drainage: Pollution caused when sulfuric acid and dissolved materials such as lead, arsenic, and cadmium wash from coal and metal mines into nearby lakes and streams
· Destruction of surface vegetation and wildlife habitat
· Mountaintop removal mining is the most destructive form of surface mining

Coal use in Canada:
· Approximately 50% of coal in Canada is exported and the rest is used for electricity

Oil:
· Petroleum: refers to crude oil, you get from the ground
· Compared to coal:
. More versatile
. Easier to transport
. Cleaner burning

Petroleum Refining:
· Crude oil is separated into a variety of products based on their different boiling points
· After being heated, they are separated in a fractionation tower, which is about 30 m tall
· The lower the boiling point, the higher the compounds rise in the tower 
· Just a way to separate them

Structural Traps:
· These traps form when sedimentary rock strata buckle, or fold upward
· Oil and natural gas seep through porous rock and collect under nonporous layers such as a roof of shale
· Oil sits on top of the water, and natural gas sits on top of the oil due to different densities

 Drilling:
· Oil reserve is discovered → drilling commences
· 70% oil production onshore, 30% offshore


Proved Reserves of Natural Gas:
· Russia and Iran have the most natural gas available
· Russia and USA produce the most natural gas

Natural Gas:
· Natural gas extraction is similar as previous descriptions
· Natural gas use increasing:
. Electricity production
. Direct use, like heating
· Some reasons for increased use:
. Improvements in technology
. Releases less harmful combustion products per unit than other fossil fuels
. New applications for natural gas

Natural Gas Use in Canada:
· Energy Industry (34%)
· Residential (18%)
· Commercial and Industrial (13%)
· Industrial (22%)
· Generation of electricity (13%)

Tight Resources
· Shale and tight resources are hydrocarbons (crude oil, natural gas and natural gas liquids) found in tight reservoirs
· These are rocks with pores so small that the oil and natural gas cannot flow through them easily
· They can be accessed us hydraulic fracturing (fracking)

Hydraulic Fracturing
· A deep vertical well is drilled, with a horizontal hole bored into the rock layer of interest
· Water is pumped into the well. The pressure breaks natural gas and other hydrocarbons free from the shale
· The gas is then extracted from the wellhead at the top

Water Concerns
· Fracking liquid is a mix of water, sand, and various chemicals
· Concerns over drinking water contamination 
· Concerns over contamination of ecosystems
· Wastewater is usually collected and stored in enclosed containers, and pumped into deep saline aquifers

Lesson 6: Renewable Energy: Solar

The Sun’s Energy
· The sun’s energy is produced through nuclear fusion reactions
· It then produces a vast amount of power in the form of light (electromagnetic radiation)
· By the time the light travels to Earth the intensity has diminished to a tiny fraction of what it was

Light Intensity
· A wave carries energy and momentum
· The amount of energy per time delivered by a wave is called power
· Smaller area leads to more intensity than same amount of energy in larger area
· As light travels away from the sun in all directions, it covers more and more area, meaning there is a reduction in energy
· Intensity of the sun at Earth is about 16% of the light intensity at Mercury, because Mercury is closer to the sun

The Sun’s Light
· The Sun’s light is made up of different wavelengths, some visible and some not
· Left side: UV wavelengths, middle: visible, right: infrared
· The most intense light is in the visible spectrum
· Very little light in UV spectrum, very little amount makes it to Earth
· Amount of light in infrared decreases rapidly
· The total amount of light energy in the visible spectrum is approximately the same as the total amount in the infrared

Light at the Surface of the Earth
· Not all energy reaches Earth
· Some light is absorbed, reflected or scattered
· Clear day → 24% of light energy makes it to the surface of Earth
· Cloudy → about 17%
· Amount of energy arriving on the Earth is called insolation

Using Solar Energy Directly
· Active solar energy: electromagnetic → thermal
· Uses pumps or fans to distribute the collected heat
· Commonly used for heating homes and water
· Flat-plate collector: used to capture the sun’s energy
· Heat exchanger: takes energy from fluid heated by solar collector and uses it to heat household water

· Passive solar energy: putting the sun’s energy to use without mechanical devices
· Keys to this: insulation, collection, storage
· Collection: large south facing windows, overhang to optimize amount of light entering by season
· Storage: something massive to capture thermal energy

Solar Thermal Electricity Production
· If we concentrate light into a small area the intensity increases
· Parabolic surface for which all incoming parallel rays are focused to the same point
· Allows us to capture large amounts of energy in a small area
· Using a series of parabolic reflecting surfaces heats oil in a pipe to very high temperatures and turns it into thermal energy

Photovoltaic Solar Cells
· Electromagnetic energy (Light) → Electrical energy
· A thin film that is treated with certain metals so that they generate electricity when they absorb solar energy
· No pollution, minimal maintenance
· Low efficiency (15-18%)
· Cost has declined over the past decades
· More economical than running electrical lines to rural areas
· Can be incorporated into building materials (roofing, tiles, windows)

Global Installed Photovoltaic Capacity
· Rapid growth over recent years
· China and USA shows biggest change

Net Metering
· In Quebec, if you’re generating more energy than you’re using, you can feed that back to the grid and in exchange you get credits in amount of energy on your electricity bill

Chapter 7: Renewable Energy: Other Types

Hydraulic Cycle
· Evaporation of water as its heated by sunlight
· Followed by precipitation and the downward course of the water in rivers and streams under the force of gravity
· Electromagnetic → Thermal → Gravitational → Kinetic/Mechanical → Electrical energy

Hydroelectric Plant
· Electricity is produced in the hydroelectric plant by the action of water against a turbine connected to a generator
· In this way the stored potential energy of the water in the reservoir becomes electrical energy
· Run of river: river flowing, divert some water into the power plant and turns turbine
· Dams: water floods into reservoir, through a penstock, moves turbine. Generates more electricity than run of river

Water Flow
· Amount of water and speed of the water
· Amount of energy depends on the volume and speed of the water
· Hydroelectric stations normally built at a sharp incline to increase the speed of water


Environmental Impact
· Construction
. CO2 produced making concrete and in transport
. Destruction of habitat and ecosystems
. Flooding
· Operation
. Danger to communities downstream of large dams in the event of a breach
. Loss of free flowing rivers, can disrupt aquatic life
. Reservoirs can become filled with silt and become inoperable

Wind Power
· Faster the wind, more energy

P/m2=6.1 x 10-4v3
· P = power per square meter of cross section in kilowatts
· V = wind velocity in meters per second

· A windmill that severely interrupts the airflow through its cross section will reduce the effective wind velocity
· A windmill that intercepts an exceedingly small fraction of the wind passing through its cross section will reduce the wind’s velocity by a small amount, extracts only small amount of power from the wind

Impact
· Land use
· Noise
· Visual Impact
· Bird/bat disruption

Lesson 8: Nuclear Energy

Nuclear Fission
· The nuclei of uranium atoms, when bombarded with neutrons, fissioned and split into two fragments, at the same time emitting more neutrons
· These fragments are called fission products, and they carry off about 160 MeV of kinetic energy divided between the two fragments from the fission reaction
· Neutron is incident on Uranium-235
· When a neutron is added, it creates a highly unstable nucleus Uranium-236
· Uranium-236 is in a highly excited state that promptly fissions into two lighter nuclei, emitting neutrons and gamma rays in the process

Results of the Process
· Gamma Rays
.  High energy light
· Neutrons
. This process releases more high energy neutrons which then in turn can cause more reactions
· Fission fragments
. About 85% of the energy released is kinetic energy of the fragments
. These come to rest and in doing so their kinetic energy is transformed to thermal energy

Where does the energy come from?
· The mass of Uranium-236 is more than all the final products added up
· Missing mass is extremely small amount of kg
E=mc2

Resource
· Uranium ore found in the earth mostly in the form of an oxide, U3O8, or yellowcake
· Uranium is mined, since energy density is so high, less mining than resources such as coal

Projected Nuclear: Canada
· Nuclear energy accounted for 15% of total electricity generation in Canada in 2014.
· Ontario and New Brunswick are the only provinces using nuclear power

Projected Nuclear: Global
· Total amount of electricity generated from nuclear to increase

Accidents
· There have been accidents involving:
. Release of radioactive material
. Explosions
. Contamination

Chernobyl
· Ukraine, 1986
· Worst accident in history of nuclear reactors
· 50-100 deaths
· Safety systems were disabled to perform tests
· Reactor went out of control, overheated and exploded

Fukushima
· Japan, 2011

Three Mile Island
· Pennsylvania, 1979
· Loss of cooling accident
· Severe damage to reactor core
· No major release of radioactive material

Renewability
· At the current rate of use the known Uranium deposits would approximate 100 years

Waste
· Safe long term storage of waste products is necessary in order for nuclear energy program to be feasible
· World wide 15,000 tonnes of spent fuel is produced
· Spent fuel:
. Radioactive
. Hazardous to living organisms
. A heat source
. Long lived (1000s of years)

Weapons
· Concerns
. Weaponizing radioactive material
. Tampering with or theft of radioactive waste
. Terrorism
· Proliferation of weapon technology

Fusion
· Energy is released in a fusion reaction
· Since the hydrogen isotopes are positively charged they repel so they must be given enough energy to be brought very close together
· Advantages: 
. Less radiation in operation and waste
. Abundant fuel 30 mL of fusion fuel = 270,000L of gas

Breeder Reactors
· A reactor that produces more fissionable fuel than it consumes
· In a breeder reactor uranium-238 (non-fissionable) is converted to plutonium-239 (fissionable)

Chapter 9: Energy Conservation

Efficiency
· The fraction of energy used that is transformed into the useful energy we want
· Ex: How useful is a conventional light bulb?
. A conventional 60W light bulb produces about 3W of visible light and 57W of infrared light and heat.
. Useful energy/energy used = 3 watts/60 watts = 5%

Household Energy Use in Canada
· Space heating (63%)
· Water heating (19%)
· Appliances (12%)

Heat Transfer
· 

Chapter 10: Global Effects - Pollution

The Atmosphere
· Nitrogen (78.08%)
· Oxygen (20.95%)
· Argon (0.93%)
· Top to bottom layers: Thermosphere, Mesosphere, Stratosphere, Troposphere

Air Pollution
· Most of our serious air pollution is produced directly or indirectly by the combustion of fuels
· Transportation (57%), Fuel combustion (21%), industrial processes (12%)
· Including effects on:
. Human health and wellbeing
. Animal welfare
. Plant life

Pollutants
· Primary pollutants: things that come directly from human or natural sources
· Secondary pollutants: derived through chemical reactions from these primary pollutants

Carbon Monoxide (CO)
· Makes up 50% of air pollutants
· Ideal burning of hydrocarbons
. C + O2 → CO2 + heat energy
· There can also be incomplete combustion of the carbon that leads to the formation of carbon monoxide
. 2C + O2 → 2CO
· Takes place when the oxygen present during combustion is insufficient to form carbon dioxide
CO: Effects
· Is a colourless, odourless, tasteless and poisonous gas
· Can have a significant impact on human health. Enters bloodstream through the lungs

Sulphur Oxides (SOx)
· All fossil fuels contain sulphur
· When burned sulphur dioxide is formed (SO2), primary pollutant

Sulphur Oxides: Effects
· SO2 can cause adverse effects on respiratory systems of humans and animals, damage to vegetation

Nitrogen Oxides
· If a nitrogen-oxygen mixture such as air is heated over 1100 degrees Celsius, it will combine to form nitrogen oxide

Nitrogen Oxides: Effects
· Can have adverse effects on human health and the environment
· NO2 has effects on respiratory systems of humans and animals, and damage to vegetation

Volatile Organic Compounds
· Are carbon containing gases and vapors such as gasoline fumes and solvents

VOC: Effects
· Having direct toxic effects on humans, ranging from carcinogenesis to neurotoxicity

Water Pollution
· Fossil fuel consumption and use contaminate water in many places
· Coal, oil, and natural gas extraction all require water in large amounts
· Oil and coal are transported around the world on rivers and the ocean
· Power plants are invariably built near access to water,which can be used for cooling processing, and waste management 

Coal
· Coal causes massive amounts of water pollution
· Coal ash, the solid material left over after coal is burned, can also cause considerable ecosystem damage
· Typically contains toxic materials

Fracking
· Fracking activities can impact drinking water resources under some circumstances

Oil Spills
· Environmental impact on:
. Birds
. Marine mammals
. Fish
. Habitat and breeding grounds
. Soil and vegetation
· Impact on society:
. Expensive to clean
. Effect on fisheries
. Effect on all coastal activities
. Drinking water contamination

Trucks and Rail Incidents
· No risk of large scale spill as seen with tankers or pipelines
· Trains and trucks tend to be located closer to populated areas
· This can increase the likelihood of large numbers of people being exposed to contamination

Pipelines
· Land based pipelines are easier to fix than infrastructure at sea
· Spill volume risk somewhere between ocean tankers and other forms of landr transport
· Pipeline incidents in hard to access remote areas pose to risk to wildlife and plant life
· Risk of water contamination




Chapter 11: Global Effects: Climate Change

Climate and Weather
· Weather refers to the conditions in the atmosphere at a given place and time, includes temperature, atmospheric pressure…
· Climate refers to the typical patterns of weather that occur in a place over a period of years

Earth’s Temperature
· Each of the last three decades has been successively warmer at the Earth’s surface than any preceding decade since 1850.
· The period from 1983 to 2012 was very likely the warmest 30 year period of the last 800 years in the Northern Hemisphere (high confidence), maybe even the warmest in last 1400 years (medium confidence)

Sea Ice
· Over the last two decades, the Greenland and Arctic ice sheets have been losing mass
· Glaciers are shrinking worldwide
· Northern Hemisphere spring snow cover has continued to decrease

Sea Level
· Over the period 1901-2010, global mean sea level rose by 0.19m
· Sea level rising at a constant rate

Millennial Temperature Reconstructions
· There are many different reconstructions of the Earth’s temperature history
· Using for example: tree rings, coral, river sediments, ice cores

Energy Balance
· Energy balance means the amount of energy into a system is the same as the amount of energy out of the system
· Input = Output

Energy balance: The Earth
· The Earth receives energy from the Sun in the form of visible light (input of energy)
· It emits energy in the form of (output):
. Reflected light
. Infrared light
· When Earth is in energy balance, amount of energy input = amount of energy output

Energy Balance: Feedback
· The Earth reaches an energy balance through a feedback loop
· The amount of radiated energy depends on T^4
. If the temperature (in kelvin) doubles, the radiated energy increases 16 times
· The temperature at which an energy balance is reached depends on how much energy needs to be radiated from the earth’s surface

Greenhouse Effect
· Most gases in the atmosphere are transparent to visible light and to IR
· Some gases are transparent to visible light and not transparent to IR (greenhouse gases)
· The most important are: H2O and CO2
· The GHG absorb outgoing infrared radiation and heat up
· They then emit radiation in all directions, sending some energy back down (the greenhouse effect). Has a warming effect on the Earth

Calculations Including the GHE
· Taking into account the greenhouse effect, the calculation for the average temperature of the Earth’s surface is about 15 degrees Celsius

CO2 and Temperature for the Last 400,000 Years
· CO2 concentrations and temperature are highly correlated

Carbon Cycle
· Amount of carbon is fixed
· Problem is where it is located
· Fossil fuels produced over millions of years
· Burning and releasing carbon over hundreds of years
· Increases the carbon circulating within the atmosphere

CO2 Concentration Over Time
· The current CO2 concentration is unprecedented over the last 400,000 years
· The increase is due to human causes

Natural and Anthropogenic Effects
· Natural:
. Solar
. Volcanic
. Reflectivity
· Anthropogenic:
. GHG
. Sulphur
. Ozone

Water
· In many regions, changing precipitations or melting snow and ice are altering hydrological systems

Animal Distribution
· Many terrestrial, freshwater and marine species have shifted their geographic ranges, seasonal activities, migration patterns, abundances and species interactions in response to ongoing climate change

Crop Yields
· Negative impacts of climate change on crop yields have been more common than positive impacts

Cascading Impact: Cryosphere
· Cascading impacts of climate change can now be attributed along chains of evidence from physical climate through to intermediate systems and then to people

Extreme Events
· Changes in many extreme weather and climate events have been observed since about 1950.

Chapter 12: Climate Sustainability

Climate Models
· The planet is divided into grid of squares
· Each square is layered into tiles, each representing a precise sample of the ocean,land or atmosphere
· Climate data for a specific tile are fed into the computer, data from adjacent tiles are factored in, a climate model is created

Natural Experiment
· Volcanic eruption of Mt Pinatubo
· Opportunity of natural experiment
· Climate models were run after eruption
· Wait and then compare to data taken
· Compare it to actual temperature, and it was pretty spot on

Key Drivers of Future Climate
· Cumulative emissions of CO2 largely determine global mean surface warming by the late 21st century and beyond

Representative Concentration Pathways
· RCP’s describe four different 21st century pathways of greenhouse gas emissions and atmospheric concentrations
. Stringent mitigation scenario
. Intermediate scenarios
. Very high GHG emissions

Changes to the Climate System
· Strong, consistent, almost linear relationship between cumulative CO2 emissions and projected global temperature change to the year 2100

Changes to the Climate System: Precipitation
· Changes in precipitation will not be uniform
· The high latitudes and the Equatorial Pacific are likely to experience an increase in annual precipitation
· Mid-latitude and subtropical dry regions, decrease in precipitation
· Mid-latitude wet regions, increase in precipitation

Changes to the Climate System: Warming
· Changes in warming will not be uniform
· Bigger changes in Northern Hemisphere
· Bigger changes over land

Impact
· Climate change will amplify existing risks and create new risks for natural and human systems
· Disadvantaged countries are at a higher risk

Extinction
· Most plants cannot naturally shift their geographical ranges fast enough to keep up with current and projected rates of climate change
· Most small mammals and freshwater mollusks will not be able to keep up at the rates projected under RCP4.5

Food Production: Fishing
· Climate change is projected to undermine food security
· Reduction in biodiversity, which will challenge the fishing industry in the future

Food Production: Crops
· For wheat, rice and maize in tropical and temperate regions, climate change without adaptation is projected to negatively impact production

Health
· Until mid-century, projected climate change will impact human health mainly by increasing already existing health problems
· Developing and low income countries more at risk
· By 2100, the combination of high temperatures will compromise common human activities, including growing food and working

Urban Areas
· In urban areas, climate change is projected to increase risks for people, assets, economies and ecosystems, including risks from:
. Heat stress
. Storms and extreme precipitation
. Inland and coastal flooding
. Landslides
. Air pollution
. Drought
. Water scarcity
. Sea level rise and storm surges

Rural Areas
· Rural areas are expected to experience major impacts on:
. Water availability and supply
. Food security
. Infrastructure 
. Agricultural incomes

Economic Impacts
· Economic losses accelerate with increasing temperature, difficult to estimate
· Climate change projected to slow down economic growth

Social Impacts
· Climate change is projected to increase displacement of people

Stabilization Wedges
· Allowing emissions to double versus keeping emissions at current levels for the next 50 years
· The stabilization triangle represents the required carbon savings
· Eight wedges in the stabilization triangle
· 1 wedge avoids 1 billion tons of carbon emissions
· Wedges can represent ways of either:
. Making energy with no or reduced carbon emissions
. Storing carbon dioxide to prevent it from building up as rapidly in the atmosphere





