CHAPTER 5: ELECTRIC POWER PLANTS AND THE ENVIRONMENT

Introduction

· Very important aspect of electricity
· One of the most techno lies of the 21st century

· We have a huge dependency on it

· Think of the Ice Storm, when we had outages

· 10 days outage

· Long outages can result in huge issues

· First Discovered in 1882, by Thomas Edison 

· Before 14 MW used

· Now 1million + MW used

· Usage is very high 

· Usage is increasing

· 40% of energy used is Electrical in USA

· Growth is exponential in the last 50 years

· The 3 major sources are: fossil fuels, nuclear energy, and renewables.

Fossil Fuels Sources

· Output energy / input energy = efficiency of plant. Energy usually expressed in kW*h

· Basically coal, oil and natural gas. The heating value is the energy released per kg (kJ/kg).
· Formed by geological formations (decomposition of plant and animal matter)
· Energy Sources

· 52% coal

· 18% Nuclear

· 14% Natural Gas 

· 10% Hydro-electric

· 3% Oil

· 3% Renewable Energies

· Important distinction

· Depends on Hydrogen/Carbon Ration (if you know this, you can figure out what regions have the resources)

· 1:1 Coal

· 2:1 Oil (petroleum. Highly refined ( distillate oils, less refined( residual oils)
· 4:1 Natural Gas (methane with traces of ethane, propane, and butane)
· November 23rd, CBC News

· They found Shale Gas Deposits

· You have to consider the composition

· Baku, Kazhikstan

· Has a huge natural gas deposit

· Problem it has a lot of sulfur, removing it is expensive  (Is it worth it?)

· The deposits are used as resources

· They can be consumed, but eventually we’re going to run out

· This is why we need to look at alternatives, but it’s currently only 3%

· Environmental concerns: 

· Emission of CO2, SO2, NOx, and particulate matter
· Carbons turns to CO2 and hydrogen to water

· New Source Performance Standards (NSPS) require use of “best available control technology”.

Coal

· Separating facts with theories

· 2/3 of electricity comes from Coal

· 4 Types of coal

· Bituminous:



· Sub-bituminous  
· Lignite:

· Anthracite

· Remember the Hydrogen/Carbon Ratio

· Geological formations are dependent on this

· Coal Combustion

· You’re breaking the bonds between hydrogen and carbon
· This produces energy, which can be transferred to electricity

· Environmental Impact

· Consider the emissions

//See previous chapter

· This has to be controlled via standards, pollution control and regulations

· Worst scenario is to have VOC’s, NOx, SOx, since these are combinations which create the problem

· These don’t have boundaries, since they can travel across borders

· Particular emissions (use kg of emissions per unit of energy released (kJ) to quantify)
· CO2 (from carbon)


· Less harmful than other pollutants, but still a big problem. Natural gas releases 42% less CO2 than coal
· We associate the CO2 emissions with how much energy is produced

· This is why we use GWP  (equivilant CO2)

· Translate other pollutants in terms of CO2, using weighting

· SO2 (from sulfur)
· Biggest problem is sulfur, it’s an indication of impurities

· To use it properly, you have to remove sulfur, which is costly

· SO2 can become SO3 => Acid rain, so it can become progressively worse. Can also gaseous sulfuric acid (H2SO4)
· PM  (Particular Matter)

· Mostly Ash. Coal is very high in ash (2 types):
· Bottom Ash

· Fly Ash

· Example of fireplace, when you burn wood, the ash at the bottom is bottom ash.  The top of the chimney is fly ash

· Natural wood ash can be used as fertilizer

· Chemically treated woods will produce pollution

· Example of St.Michel:   Incinerator burns waste.  The bottom and fly ash needs to be treated, since it’s so toxic.  So it has it’s own landfill.  So you need to consider WHAT you are burning

· Example of Chimney Cleaning:  Depending on what you’re burning.  You can have deposits of harmful chemical comounds

· NOx (from nitrogen)
· Remember, this is all the oxides of Nitrogen

· The big difference is that natural gas has little to no NOx

//BIG ADVANTAGE

· Burning Natural gas will produce very little pollutants
· Solid and liquid wastes

· Water pollution from ash, or heat

· Ash creates solid waste

· Life cycle impacts

· Extraction, refining, transportation, storage, transmission, and distribution all creates environmental concerns (land use disturbances, gas pipe leakage, transmission lines, etc.)

Nuclear Power

· Usage increased to 14%

· 1950’s Nuclear plants were being created

· 1979 
3 Mile Island accident, (Contained)

· USA no longer allowed Nuclear plants to 

· 1986

· Was not contained

· Effects will be for 3-4 generations

· Went as far as Africa

· Other incidents may not have been reported

· Now less plants are being used

· Canada has 5 Nuclear Power Plants

· There is one that is 100 Km from Montreal

· Reason is that Quebec has hydro-power

· Hydro-Quebec has a map of all the plants in Quebec

· Ontario is dependant on Quebec for Energy  (like 50%)

· This why they are more likely to accept a Nuclear Power plant

· Important Idea, if you have resources, you are less likely to go to war

· We need to be proactive to prevent disasters from happening in the first place

· Some plants are around for 20-30 years

· The worst scenario is that during the enriching process, that you are producing radiation during that process

· Problem is that you cannot transport it and you need to store it

· EPA did a study for places to safely store waste

· After a 20 year study, they picked Nevada, Yucca Mountains

· They figured out transportation protocols, problem is that eventually you will have accidents in the transportation process

· Killed off by President Obama

· Using LCA, the waste needs to be considered

· Nuclear waste is stored where they are produced until we can find a place to put them

· Nuclear Waste (Uranium)

· Largest Uranium Deposit is in Russia

· 0.57% of the area is Uranium ORE

· Uranium has many Isotopes

· Has to be enriched via fusion, by controlled reactions

· This what allows for production of atomic energy

· Big Problem is that the Uranium needs to be ENRICHED

· If a country has uranium, they have to enrich it, and they have to go through the international community [Iran]

· U92 => U94 = Plutonium   PU94

· Highest grade

· Gigantic amount of energy

· Another problem is that you have radiation

· Alpha (2 neutrons and 2 protons), beta (negatively charged free electron), and gamma radiation (electromagnetic waves)
· 500 m down with layers of cement, gamma radiation still penetrates through

· These Electromagnetic waves

· Also used in medical treatment

· Has to be highly controlled, otherwise it will kill the patient

Renewable energy:
· Hydroelectric (most popular), wind, biomass, refuse, geothermal, and solar energy
· Still have adverse impacts
Benefits

· Zero-pollution is usage

· Production has emissions though

· Consider LCA

· You will have waste to consider

· In the 1980’s, we started considering the full impact

FUNDAMENTALS OF ELECTRIC POWER
· Current, voltage, and power:

· Current: flow of one coulomb per second (unit = ampere)
· Voltage: work required to move a unit of charge
· Electrical resistance: measured in ohms
· V = I * R
P = V * I
E = P∆t (kW/hr)

· Electromechanical generators: mechanical energy required to move conductor through a magnetic field to produce electric current. Basically, mechanical work turns a turbine which rotates a conductor which produces electricity.
· The fossil fuel power plant: uses steam generated by the heat of burning fossil fuels to produce mechanical work.
· Energy content of steam:
· Some laws of thermodynamics:
· Enthalpy quantifies thermal energy content
· h2 – h1 = cp (T2 – T1), where h = H/m
· enthalpy increases as water turns to steam, which is the heat of vaporization
· Extracting work from steam: In principle, maximizing input enthalpy and minimizing output enthalpy by increasing input steam pressure and allowing steam to cool and expand before leaving turbine. There are some limits set by materials of construction. A boiler generates steam, a condenser cools the waste steam, and a pump pumps back the waste water into the boiler. This is the steam cycle (rankine cycle).
· Efficiency of steam cycle = gross electrical output / heat added to steam
· Generating steam:

· Boiler efficiency = rate of heat added to steam / rate of fuel energy input

· Gross plant efficiency:

· Gross electrical output / fuel energy input

· Net plant efficiency:

· Net electrical output / fuel energy input, where Enet = Egross - Eauxiliary
· Gas turbine: fluid used is air heated by the combustion of natural gases which turns the turbine. AAir is heated directly by fuel energy input. 
· Combined-cycle plants: steam and gas turbine. The waste gas from gas turbine is used to heat steam in a heat recovery steam generator (HRSG) so less energy is wasted. More efficient
REDUCING ENVIRONMENTAL IMPACT
3 ways: environmental control technology, green design, and alternative sources of energy and technology.

· Environmental control technology: technologies that reduce or eliminate pollutant emissions.
· Particulate emissions: an electrostatic precipitator (ESP) is used. Ash is bombarded with negative ions and then collected by positively charged plates. 
· Sulfur dioxide:

· switching to low sulfur coals
· installing flue gas desulfurization (FGD) systems that use a slurry of limestone mixed with water to react chemically with SO2 to createCO2 and gypsum
· Nitrogen oxide:

· Combustion modification produces less of it
· Selective catalytic reduction (SCR) uses a catalyst (ammonia) to remove nitrogen oxides
· Selective non-catalytic reduction does the same thing without the catalyst
· Water Pollution: 
· Thermal: a cooling tower cools the water and it evaporates
· Solids, acidity, heavy metals: could leave ash in an impermeable ash pond or use lime to neutralize acidity to meet National Pollutant Discharge Elimination System (NPDES) standards
· Solid Waste management:

· Dispose of ash in ash pond or in landfill
· Recycle and reuse ash and FGD waste as aggregate for road construction, cement manufacturing, etc.
· Improving energy efficiency: less energy used ( less environmental impact
· Increasing operating temperatures (limited by construction material)
· Cogeneration: heat released by steam could be used to provide hot water for residencies or industries (limited by cost)
· Advanced cycles:

· Integrated Gasification Combined Cycle (IGCC): Coal reacts with oxygen and steam to form fuel gas; impurities are removed by environmental control systems. Can be used to synthesize fuel as well as make electricity
· Integrated Gas Turbine Fuel Cell (IGTFC): Gas turbines with fuel cells. Fuel cells generate electricity electrochemically, so no turbine needed ( no work needed to run it
· Alternative Energy Sources and technology: (1) alternative sources and fluids, (2) direct energy conversion methods ( no turbine
· Nuclear energy: primary coolant pressurizes water which flows through a heat exchanger and generates steam. However, it’s radioactive!!
· Biomass and refuse energy: wood, grain, crops residues are used as fuel. Much lower energy content than fossil fuel. However, no net CO2 is released. Impacts include: land requirements, ecological impacts of harvesting and transportation, loss of species, atmospheric emissions
· Geothermal energy: energy source derived from molten core of earth. Limited by technical difficulties and cost. In the long-term, geothermal wells can be depleted. Impacts include: hydrogen sulfide release, seismic effects, noise, and land use.
· Hydroelectric energy: potential energy of water transferred to kinetic energy which does work on turbine. Potential energy of water = mwg(∆z), where z is elevation. Impacts on land use and ecosystems
· Wind energy: limited by cost and effectiveness. Only a fraction of kinetic of energy of wind is recoverable because it does not halt as it crosses device. Impacts include: land use requirements, visual impact, electromagnetic interference, birds. 
· Electrochemical generators: metals separated by electrolyte produce small voltage. Produces direct current. Fuel cells: electrode reactants are gas. Limited by cost.
· Photovoltaic generators: Energy of photons mobilizes electrons to cause a flow (photoelectric effect). There is a need for an energy storage system.  Impacts include land requirements, life-cycle manufacturing, and disposal issues of PV solar cells. 
Comparing environmental impacts of alternative technologies is necessary to determine which is environmentally preferable. This is not easy however. 

· Environmental outlook:
· Ozone attainment: reductions in nitrogen oxides by combustion modification methods and flue gas treatment processes. 
· Fine particulates: SO2 and NOX react to form fine sulfate and nitrate particles, so reduction in these emission, as well as particulate matter, is necessary to achieve PM2.5 standards.
· Air toxics: mercury control requirements.
· Global climate change: extremely important. Can be achieved by more efficient power generating systems, improvements in energy usage efficiency, emphasis on low-carbon energy sources, and development of new CO2 sequestration technologies. 
· Technology outlook:
· Ex. Switch from large central station power plants to small distribution generated systems, or switch to gas turbines, natural gas, fuel cells, low-cost solar energy.
· Rate of technology development will depend on growing need for electricity and need for new power plants to replace existing ones. 
· Need to switch to natural gas, nuclear, and renewables (especially wind and biomass). 
