Electrical Energy Generation Considerations

Definitions and glossary:

kw


kilowatt

mwh


megawatt-hour

operating range

range of power that can be generated by the plant

dispatchable

power output of plant controllable by the operators

net energy
energy available from process after energy necessary to run process has been subtracted

insolation

level of solar energy reaching the earth's surface in any area

BWR


boiling water reactor (type of nuclear power plant)

PWR


pressurized water reactor (type of nuclear power plant)

CdTe


cadmium telluride, an emerging photovoltaic material

CIGS


copper indium gallium selenide, an emerging photovoltaic material

LCC


life cycle costs; construction and operating costs averaged over life of 




               facility.  From IEA reference unless noted.

LCA


life cycle assessment; CO2 emissions from construction and operation 




               averaged over life of facility (kg CO2/MWH).  From Hondo reference.

FCS 
fuel cost sensitivity; sensitivity of energy price to changes in fuel cost.  From IEA reference unless noted.

Coal:

Costs $1000-2500/kw to build, LCC $25-50/mwh, LCA CO2 975 kg/mwh. FCS moderate, 45%

Advantages:
Mature technology



Fuel is inexpensive and currently plentiful



Boilers and generators can be very large



Dispatchable

Disadvantages:
Makes large quantities of ash, which can be toxic and difficult to dispose of

Most carbon intensive generation fuel.  Carbon capture and storage (CCS) doubles the construction costs of a plant and is untested in safety and effectively achieving intended goal.

Energy Giant, Conoco-Phillips, says there is only about 100  years left of economically extracted oil or   coal of varying quality.

Extremely polluting, damaging to the environment and human health and life

Narrow operating range.  Requires support from gas, oil, or hydro to efficiently follow load

Oil (heavy fuel oil or diesel) 

Cost $800-1200kw to build LCC $40-70/mwh, LCA 742 kg/mwh FCS moderate-high  ~60%

Advantages:
Mature technology



Fuel currently plentiful can be transported by pipeline

                             Requires less stack emission control than coal therefore less costly to burn



Dispatchable.  Some generators have wide operating range and fast response.



Can be used in dual-fuel generators for economic versatility

Disadvantages:
Second most carbon intensive generation fuel



May become less plentiful and more expensive in the near future, according to Big Energy’s Conoco-Phillips, there are only about 100 years left of economically extracted oil or coal of varying quality.



Fuel supply vulnerable to transportation disruptions unless piped.

                              If transported by pipeline, those costs must be added. 

                              Pipelines subject to leaks, explosions, aging (infrastructure) and other possible detriments associated with their location, above or below ground.

Can be extremely polluting and damaging to the environment; costly to human health and life; harder to find, reach, and extract; and quality issues

Typically only used for small (<10 MWe) generators

Natural gas turbine or reciprocating engine

Cost $600-800/kw to build LCC $15-25/mwh  LCA 607 kg/mwh  FCS high 70%

Advantages:
Mature technology



Fuel currently plentiful, and is transported by pipeline



Requires little or no stack emission control



Dispatchable.  Generators typically have wide operating range and fast response.

Disadvantages:
Carbon intensive generation fuel

Conventional gas supply is in decline in North America.  Hydrofracturing fluids, on which shale gas production depends, may contaminate groundwater as well as surrounding areas.  


Typically only used for small generators.

Must be transported by pipeline, adding piping costs to the cost of the plant

Pipelines subject to leaks, explosions, aging (infrastructure) and other possible detriments associated with their location, above or below ground.

Natural gas combined cycle

Cost $1000-1400/kw to build LCC $15-25/mwh LCA 518 kg/mwh FCS high 70%

Advantages:
Fairly mature technology, with a significant operating history



More efficient than turbine or engine

Fuel currently plentiful, and is transported by pipeline



Requires little or no stack emission control



Dispatchable.  



Generators can be larger than other gas or oil generators

Disadvantages:
Carbon intensive generation fuel

Conventional gas supply is in decline in North America.  Hydrofracturing fluids, on which shale gas production depends, may contaminate groundwater.  



Narrower operating range and less operational versatility than other gas generators

Must be transported by pipeline, adding piping costs to the cost of the plant

Pipelines subject to leaks, explosions, aging (infrastructure) and other possible detriments associated with their location, above or below ground.

Hydro (conventional) Dams

Cost $1500-2200/kw to build LCC $10-15/mwh LCA 11 kg/mwh FCS none

Advantages:
Mature technology

Requires no mined fuels

No carbon emissions during operation, and overall carbon emissions very low with respect to fossil fuels

Dispatchable, with very high operational versatility and operating range

Can be extremely large

Can efficiently store energy with the addition of pumped hydro—a non-factored expense

Small hydro (<100 MW), as well as tidal and current can offer local alternatives to fossil fuel generation 

Disadvantages:
Dependent on topography and water supply



Large hydro disruptive of local environment and agriculture



Dam breaks can cause large loss of life and property

Nuclear  (conventional BWR or PWR)

Cost $1000(1)-$4000(2)/kw to build (high number more typical) LCC $21-31/mwh (also $100-120/mwh(5)) LCA 24 kg/mwh FCS low 10%

Advantages:
Fairly mature technology, with significant construction and operating history

Fuel extremely energy dense, so only small volumes need to be handled and transported

No carbon emissions during operation, and overall carbon emissions low relative to fossil fuels



Dispatchable.  



Generators generally very large, due to expense of construction

Disadvantages:
Highly radioactive waste products technically costly, environmentally and politically difficult to handle



Only 40-75 years of known conventional uranium supply



Expensive to permit and construct

Must be specially decommissioned at end of plant life, and reactor parts specially disposed of due to radioactivity

Possibility of catastrophic accident

Narrow operating range and slow response

Wind

Cost $1000-1500/kw to build LCC $40-80/mwh LCA 29kg/mwh FCS none

Advantages:
Fairly mature technology, utility scale operating history somewhat limited



Requires no fuel

Multiple small independent generators instead of a few large ones at utility scale  

Loss of a turbine does not affect the operation of its companions

No carbon emissions during operation, and overall carbon emissions very low with respect to fossil fuels
Costs drop with economies of scale

Disadvantages:
Non-dispatchable and intermittent.  Requires energy backup or storage to provide reliable power

Diffuse (non-concentrated) energy source.  Many turbines must be used, spread out over large land areas, to match the generating capacity of fossil fuel plants

Unaesthetic to some, and noisy in populated areas.  Can kill birds and other flying life.  Requires large amount of interconnection relative to other technologies

Solar PV



Cost $3000-5000/kw to build  LCC $20(2) -300(1)/mwh LCA 53 kg/mwh FCS none

Advantages:
Fairly mature technology (silicon), to emerging (CdTe and CIGS).  Utility scale operating experience limited



Requires no fuel

Multiple small independent generators instead of a few large ones can be effective.  Loss of a panel (or panel string) does not affect the operation of its companions

Panels require no maintenance under most circumstances

Prices dropping with economies of scale and as new technologies enter the market

No carbon emissions during operation, and overall carbon emissions very low relative to fossil fuels

Disadvantages:
Expensive and difficult to scale.  Utility scale numbers of panels difficult to get quickly until     manufacturing ramps up

Non-dispatchable and intermittent.  Requires energy backup or storage to provide reliable power

Diffuse (non-concentrated) energy source.  Requires large areas relative to similar fossil fuel capacity



Can require rare or toxic elements for manufacture

Manufacture of some types of panels generates significant quantities of highly toxic waste



Considered unaesthetic in some populated areas

Concentrating solar

Cost $3000/kw(2) to build LCC $50-80/mwh (est(1))  FCS none

Advantages:
Requires no fuel



More efficient than solar PV, and easier to scale



Generation period may be extended with thermal storage



Less resource intensive than solar PV

Disadvantages:
Emerging technology in the demonstration stage.  No commercial plants currently operating

Thermal storage required to make dispatchable

Diffuse (non-concentrated) energy source.  Requires large areas relative to similar fossil fuel capacity

Requires sunny location  (high insolation) to be economic

Ecological effects of covering large amounts of ground unknown

Biomass (wood chips, corn stover, etc) burned for heat or electricity

Cost $4,000/kw to build if new, const(2). LCC $65/mwh(2)
Advantages:
Often can be used in existing facilities with minimal modification



Renewable and carbon neutral



Often locally available, reducing transportation costs, supportive 

Can stimulate local economy if planned and executed wisely, and can substitute for extraction of less renewable resources in some cases



Can improve forest management with proper techniques

Disadvantages:
Low energy density, moisture content, and large volume increases transportation costs



Very large land requirements for utility scale energy production

Can affect food prices and divert food crops directly or indirectly, by replacing crops on land used for food production

Some biofuels can use almost as much or more energy to produce as they yield (low net energy)

Removes micronutrients over time - must be returned to the soil either by spreading ash or artificially

Increased efficiency ("negawatts" - a watt saved is a watt generated)
Cost: variable  $0-55/mwh (4)
Advantages:
Allows desired activities to continue with less energy/environmental impact



When significantly deployed, reduces the need for new capacity



Positive economic effect on manufacturing and construction interests



Often cost effective for consumers

Disadvantages:
In some cases can take long periods of time before positive effects are seen due to financing and supply shortages.  May require significant new manufacturing capacity



Cost effectiveness can be variable, and overall new benefit difficult to determine

Efficiency gains can be neutralized by increased use of the more efficient process if users do not conserve
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Among costs that have not been included or assigned a dollar value: Damage to the environment and clean-ups; loss of livlihood/lifestyles/business such as insurance, agriculture and other food related industries; loss of health and human life; loss of other non-human life, nature and habitat.
Recent data and links on human health costs related to energy:

The EPA Clears the Air

http://blog.timesunion.com/opinion/the-epa-clears-the-air/5051/
US Energy Use Carries Hidden Costs of $120 billion

http://www.rsc.org/chemistryworld/News/2009/October/26100901.asp
Hidden health costs of transportation

http://www.grist.org/article/2010-05-28-hidden-health-costs-of-transportation/
The Hidden Health and Environmental Costs of Energy Use

http://www.motherearthnews.com/Nature-Community/Air-Pollution-Health-Effects.aspx

