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Health & Energy Use
CPH 601:Occupational & Environmental Health I
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Learning Objectives

� Human Energy Needs

� Biomass Fuels

� Fossil Fuels

� Hydropower

� Nuclear Power

� Alternative Energy Sources
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� Alternative Energy Sources
� Wind Power

� Geothermal

� Solar thermal

� Photovoltaic

� Priorities for Action

� Energy Costs



Human Energy Needs

� Basic human needs

� Agriculture

� Urbanization

� Transportation

� Industrial production
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� Industrial production



Human Energy Needs:

Natural Energy Flows
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Human Energy Needs: 

Energy Consumption & Trends
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Human Energy Needs: 

Energy Consumption (Developing World)
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Human Energy Needs: 

Energy Consumption (Developed World)
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Human Energy Needs: 

Energy Consumption & Trends
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Human Energy Needs: 

Energy Consumption & Trends
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National geographic, 2004



Human Energy Needs

� Total risk of an energy source includes evaluation of:

� Energy Cycle

� Material acquisition and construction

� Emissions from material acquisition and energy production
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� Emissions from material acquisition and energy production

� Operation & maintenance

� Energy back-up systems

� Energy storage systems

� Transportation

� Waste management



Biomass Fuel

� Used for domestic use 
� Cooking

� Heating

� Often the only energy source available in poor, rural areas

� Due to incomplete combustion- biomass smoke often exceeds 
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� Due to incomplete combustion- biomass smoke often exceeds 
WHO’s guidelines for
� Respirable particles

� Carbon monoxide

� Nitrogen oxides

� Formaldehyde

� Complex organic compounds

� Polycyclic aromatic hydrocarbons



Biomass Fuel
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WHO Executive Summary

� About 2.7 billion people still dependent on the use of rudimentary, 
traditional biomass and coal stoves 

� Cause about 2 million deaths annually, including over 1 million deaths from 
chronic obstructive pulmonary disease and almost another million deaths 
from pneumonia in children under the age of 5

� Scenario modeling estimates that 11% of all chronic lung disease burden in 
Latin America and Sub-Saharan African among adults over 30 could be 
averted in less than a decade by the introduction of more advanced 
biomass or biogas stoves, in pace with UN targets for universal energy 
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averted in less than a decade by the introduction of more advanced 
biomass or biogas stoves, in pace with UN targets for universal energy 
access

� About 36,000 lung cancer deaths every year are also due to indoor air 
pollution from coal stoves, and these, too, are also largely avoidable with 
cleaner stoves 

� More than one-third of the annual deaths from chronic lung disease 
worldwide and nearly 3% of lung cancer deaths are due to indoor air 
pollution from biomass and coal stoves, and most of this burden is borne 
by poor women in developing countries 

http://www.who.int/hia/hgebrief_henergy.pdf



Biomass Fuel
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Biomass Fuel

� Indirect Health Effects

� Unless vegetation materials are re-planted at the same rate as 
consumed

� Deforestation

� Greenhouse Effect

� Can decrease problems with biomass by:
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� Can decrease problems with biomass by:
� More efficient stoves

� Cutting amount of fuel required for domestic tasks

� Lessen rate of deforestation

� Increase ventilation

� Installation of chimneys and hoods on stoves

� Rearrange the stove or fire in a position where more of the emissions can 
flow outside



Fossil Fuels

� Derived from solar energy trapped in the form of fossilized 
plants
� Were created over millions of years

� Provides 90% of the worlds commercial energy

� In 12 months the world consumes an amount of fossil fuels that took 
1 million years to create
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� Oil
� Supplies 38% of world’s energy needs

� Coal
� Supplies 30% of world’s energy needs

� Natural Gas
� Supplies 20% of world’s energy needs



Fossil Fuels

Combustion Turbine Power Plant
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Fossil Fuels

� Distillation process for dividing 
petroleum into various 
fractions

� Separated on the basis of 
boiling points

� Complex mixture of 
hydrocarbons and molecules
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hydrocarbons and molecules
� Metallic elements are present

� Sulfur and metal-containing 
products are in residue

� Ease of transport & high level 
of efficiency & integration of 
fossil fuels creates challenge for 
alternative energy



Fossil Fuels - Oil
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Fossil Fuels

� Known reserves of oil and natural gas may be consumed 
in the next 30-40 years
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Fossil Fuels

� Coal reserves may last 200 years

� Remaining coal is lower in quality than what is used now

� Combustion will produce less energy

� Different coals have different amounts of minerals
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� When coal is burned inorganic and organically bound sulfur is 
oxidized to SO2

� SO2 & NO2 from burning coal is the major source of acid rain



Fossil Fuels  - Coal
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Fossil Fuels

� Swedish Coal-Health-
Environment Project

� Using modern & effective 
techniques in burning coal, 
adverse effects can be reduced

Risk of increased levels of 
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� Risk of increased levels of 
methyl mercury in fish

� Fly ash is too high in 
radioactivity to use in building 
materials for residence

� Drinking water wells should not 
be located in vicinity of dumps



Fossil Fuels

Coal-fired Power Plant
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Fossil Fuels
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Fossil Fuels

� Indirect Health Effects

� Transboundary pollution

� Urban centers located along 
country borders

� Global warming
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� Global warming

� Acid Rain



Fossil Fuels

� Pollution Prevention

� Mitigation technologies
� Scrubbers- reduce SO2 emissions up to 95%

� Electrostatic precipitators & bag filters trap large amounts of particulates

� New technologies 

� Decarbonization

27

� Decarbonization

� Separation
� Separate CO2 from exhaust gasses after fuel combustion

� Long-Term Storage
� Deep oceans

� CO2 could react with the water and harm marine life

� Geoligic formations
� Store in reservoirs where petroleum and gas were extracted 

� Enhances recovery of oil



Fossil Fuels
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Hydropower

� Renewable & Clean Energy

� Accounts for ¼ of world’s electricity output

� Potential uses of hydropower

� Europe: 36%
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� North America: 59%

� Asia: 9%

� Latin America: 8%

� Africa: 5%



Hydropower
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Hydropower

� Construction of dams are expensive
� Dams may only last decades

� Buildup of silt behind the dam 

� Creation of dam may cause:
� Displacement of persons
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Displacement of persons

� Disruption of food supply

� Large dams have been suspected of causing earthquakes

� Ecosystems may be damaged or disappear

� Failure of a dam can cause:
� Flooding

� Loss of life



Hydropower

� Direct Health Effects

� Over 10,000 skilled & unskilled workers will be employed to 
construct the dam

� After the dam is constructed, hydroelectricity is relatively cheap

� Dammed water can be used for irrigation

� Fish can be bred in dam to provide food source for population
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� Fish can be bred in dam to provide food source for population

� Indirect Health Effects

� After the dam is constructed, hydroelectricity is relatively cheap

� Dam can change biological local environment

� May contribute to spread of disease

� Schistosomiasis

� Malaria



Hydropower

� Mitigation by Environmental Management

� Environmental Impact Statement (EIS) should be done on any 
new project

� Predict negative effects of dam construction
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� To reduce negative effects, planners should:

� Diminish peoples contact with vectors

� Plan for the provision of water and sanitation

� Health education and the promotion of public health participation to 
reduce hazards



Nuclear Power

� 95% of total generating capacity of nuclear power is in:
� North America

� Europe

� Japan

� Only known incidents to cause off-site releases
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� Only known incidents to cause off-site releases
� 3 Mile Island

� Chernobyl

� Fukishima

� Normal operation of plants produce less pollution than 
other forms of power



Nuclear Power

� 3- Mile Island
� Core heated & melted

� Pressure vessel & containment structure remained intact

� Chernobyl
� Reactor was obsolete design
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� Not operated properly

� Surge in reactor power

� Rapid rise in temperature

� Explosion of core

� Intense fire

� 31 deaths & approximately 1,000 thyroid cancer in children

� Permanently evacuated 100,000 people

� Several million people still living in contaminated areas



Nuclear Power

� Fukushima
� Tōhoku earthquake and tsunami

� equipment failures (reactors shut down, but back-up generators 
flooded);

� nuclear meltdowns because no cooling water were circulated; and

� explosions & releases of radioactive materials

� The second disaster (along with Chernobyl) to measure Level 7 
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� The second disaster (along with Chernobyl) to measure Level 7 
on the International Nuclear Event Scale
� Radiation release from all the reactors taken together as equivalent to 
a "sixth"(17%) that of Chernobyl

� 0 death due to direct radiation exposure
� WHO estimated 70% increased risk of thyroid cancer among girls 
exposed as infants in the most affected area 

� 12 mi-radius (~100,000 persons) evacuation around the plant



Nuclear Power

� Nuclear resources for reactors is uranium and thorium

� Power is based on process of fission

� Splitting of uranium atoms

� Alternative nuclear technology

� Fusion
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� Fusion

� Strong pressures force 2 hydrogen atoms to release energy

� If successful, could produce cheap energy from sea water

� Under development in engineering programs in the US, Japan, & Europe

� Distant possibility



Nuclear Power

� Health Effects

� Stochastic (non-threshold) effects

� Cancer

� Conflicting studies on increase in childhood leukemia

� Heredity Effects
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� Deterministic (Threshold) effects

� Acute exposure

� Include:

� Skin burns

� Damage to bone marrow

� Sterility



Nuclear Power

� Safety Approaches

� Built-in-safety factors on new reactors

� Retro-fit older reactors to achieve current safety standards

� Management of nuclear waste
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Nuclear Power

� Where to store waste?
� Geologic formations

� Yucca Mountain proposed site

� Types of Waste Disposal
� Low & Intermediate-Level Waste Disposal

� Effective barriers
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� Effective barriers
� Prevent significant transfer 

� Shallow ground disposal with or without concrete liner

� High-Level Waste Disposal
� Liquid waste stored for 1 year or more in water tanks to cool down

� Deep underground & stable rock formations with multiple engineered 
barriers



Alternative Energy Sources

� Priorities for action on energy-related issues

� Exposure to noxious agents in the course of domestic utilization of biomass and coal

� Exposure resulting from urban air pollution in numerous large cities of the world

� Energy-related climate change

� Serious energy-related accidents with environmental impact
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� Alternative to fossil fuel & biomass

� Most promising alternatives:

� Hydropower

� Wind

� Solar

� Geothermal

� Other alternatives 

� Tidal



Alternative Energy Sources
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Geothermal

� Geothermal is Renewable

� There is almost unlimited amount of heat generated by the Earth’s core

� Geothermal is Clean energy

� Can be extracted without burning fossil fuel

� Geothermal fuels only produce 1/6 CO2 of relatively clean natural gas 
fueled power plants
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� Shallow temperatures are relatively constant in the US 

� Geothermal heat pumps can be used almost anywhere

� Characteristics of land determine type of heat pump
� Geology

� Hydrology

� Land Availability



Geothermal Energy

� Good Site for Development for Geothermal Power Plant

� Hot geothermal fluid with low mineral and gas content

� Shallow aquifers for producing and re-injecting fluid

� Availability of make up water for evaporative cooling

� Geothermal fluid temperature should be at least 300°F

� Plants operate on fluid temperatures as low as 210°F
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� Plants operate on fluid temperatures as low as 210°F

� Need pollution control measures for release of hot, mineral-
laden underground water

� Effects of heated water on ecosystems



Geothermal
� Resources are classified 

by temperature

� The highest 
temperature resources 
are used for electric 
power generation 

� Low Temperature
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� Low Temperature

� Less than 90°C 
(194°F)

� Moderate Temperature

� 90C-150°C (or 
194F-302°F)

� High Temperature

� Greater than 150°C 
(302°F)

Further Information about Geothermal:
http://www.sciencedirect.com/science/article/pii/S1364032101000028



Photovoltaic

� Renewable source of energy

� Photovoltaic cell (PV cell)

� PV materials are 
semiconductors, solids with 
electrical properties between 
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electrical properties between 
metals & insulators

� Solar energy cannot be 
converted at 100% efficiency

� ½ of photons cannot be 
utilized



Photovoltaic

� Solar cells are portable

� In locations remote from power grids, PV electricity is 
cheaper than building grid extensions

� Solar cells can provide small amounts of power required 
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� Solar cells can provide small amounts of power required 
for basic human needs:
� Pumping water to villages, livestock, & irrigation

� Refrigeration to preserve vaccines, blood, & other healthcare 
perishables

� Lighting & appliances for homes &community buildings

� Recharging batteries for flashlights & portable appliances



Solar Thermal

� Clean Energy

� Generate high temperatures 
by using mirrors to 
concentrate sun’s rays up to 
5,000 x’s
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5,000 x’s

� It would take an area of 
10,000 sq miles in the 
Nevada desert to supply 
total electricity needs of the 
US



Solar Thermal
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Wind Power

� Renewable source of energy

� Lowest-cost alternative o 
electricity from fossil fuel & 
nuclear plants
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� The total wind resource in 
the Great Plains is nearly 3 
x’s as large as US electricity 
generation in 1999



Wind Power
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Wind Power
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Energy Use
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Energy Costs

� As demand for renewable 
energy goes up, the price is 
expected to decrease

� Solar power is becoming 
more cost-effective
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more cost-effective

� Wind & Geothermal are now 
at lower cost than traditional 
fossil fuels after initial 
instillation



Energy Costs
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http://www.magma-power.com/pages/magma_power.html



Kentucky Data
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