Electricity 

General observations

· Association w/economic growth and quality of life (consumer electronics); symbolic value

· Rising importance of electricity/Historical demand growth 

· From 1901 through 1970 robust increases in demand, doubles between 1960 and 1970 
· New Deal: TVA, REA, Bonneville Power Administration
· Post WWII demand for power
· By the mid-'60s utilities were accustomed to steadily rising demand. 
· Presumption of inelastic demand
· Thermodynamic efficiency: loss of primary energy in standard methods of thermal power plant production 

· Long-term power demand has grown steadily since the 1980s, but investments in transmission have lagged

· Federalism: Many policies are decided at the state level: retail electricity prices, mix of fuels utilities should use to generate power. 
Basics of electrical system
· Stages: Production, Transmission, Distribution

· Production/generations

· Producers: Investor owned utilities (IOUs), publicly owned utilities, federally owned (e.g. TVA. Bonneville Power Authority, Independent power producers (IPP) (includes cogeneration)
· 1 GWe enough power for a city of  1,000,000 people
· Coal 33%, natural gas 33%, nuclear 20%, hydro 6 %, wind 5%, Biomass 2%, Oil .7%. Solar .7%, other .7%  (May 2016)




· Economics

· Economies of scale 
· Fixed costs – incurred w/out regard to how much power is produced
· Variable costs – fuel costs, fuel to energy conversion factors
· Ramping costs – start up time and shutting down
· Least cost dispatching, plants with the lowest variable costs over time of use.
· Environmental costs

· Reliability and load

· To ensure the stability of the entire power grid, electricity must be produced at the same time it is used as large quantities of electrical power cannot be stored effectively.
· Base load 
· Peak load/reserve margins/excess capacity

· Transmission

· Capital costs and natural monopoly
· From high voltage transmission lines to usable lower voltage electricity
· Large scale initial capital investment, low marginal costs to add new customers
· Transmission losses  friction and heat, as high as 10%, heat capacity of lines
· Loop flow problem  flow across all available lines, demand and congestion, interconnected users
· Need for co-ordination  load management, load balancing, synchronized command and control operations
· Grids and control areas  North American Electric Reliability Council (NERC); RTOs (e.g. PJM): sets voluntary standards for maintaining reliable service
· Developed in response to historic blackouts (1965 – 8 Northeast states and Ontario; 1977 25-hour blackout in New York City; 2003 - 50 million people in the Northeast, Midwest and Ontario, Canada caused an estimated $10 billion in business disruptions)
· Need for capital investment and expansion

· Distribution

Traditional Regulation 

· Publically regulated monopolies

· Market entry: service area

· Price: rate regulation

· Reliability

· Rate of return

· Rate base x Rate of return

· Used and useful

· Reserve capacity/excess capacity  























[bookmark: _GoBack]
