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Human Energy Needs

» Basic human needs
» Agriculture

» Urbanization

» Transportation

» Industrial production



Human Energy Needs:
Natural Energy Flows
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Human Energy Needs:
Energy Consumption & Trends
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Figure 9.1 Trends in encrgy
consumption, 1973-1993. From
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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

TABLE 1.2 ENERGY TRENDS IN TEN MOST POPULOUS COUNTRIES

Population (millions) Energy use (ET) Rate of increase (%) Doubling time
Country {2000) (199%) (1987-19498) {yrs)
China 1,277.6 36.0 +31.5 19.8
India 1,013.7 13.3 +6.3 11.0
United States 278.4 100.5 +1.5 462
Indonesia 2121 38 +7.3 9.5
Brazil 170.1 86 +3.8 18.2
Pakistan 156.5 1.8 +5.2 13.3
Russian Federation 146.9 275 —4.6 —
Bangladesh 129.2 0.4 +5.9 n3
Fapan 126.7 226 +2.6 267
MNigeria 111.5 1.0 +3.5 19.8
Totals (1998) 3.622.7 2155 o e 511
Population {millions) Energy use (ET) Rate of increase (%) Dioubling time
Country (2020) (20200 (1998-2020) {yrs)
Totals (2020) 43318 380.9*1 +2.6 26.7

+For individual countries, assumes rates of increase during the period 1998-2020 are the same as they were in 1987-1998.
T Assumes Russian Federation consumption is fixed at 27.5 EJ throughout the time period 1998-2020.

Source: Energy Information Agency, U.S. Department of Energy (1959). International tables for population and energy con-
sumption trends, Washington, DC. (hitp-/iwww.cia.doe.gov/emew/international/contents.himl)



Human Energy Needs:
Energy Consumption & Trends

THE U.S. USES MORE, PRODUCES LESS, AND RELIES ON IMPORTS
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The gap in the U.S. between the production of crude oil and the consumption of all the products made from it
has been widening steadily since the 1970s. As a result the U.S. imports crude from dozens of countries, Saudi
Arabia first among them. The U.S. will likely become more dependent on Middle East supplies in the future.
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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
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
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 | 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 | [% 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
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
13



Biomass Fuel

TABLE 9.2

ADVERSE EFFECTS OF BIOMASS FUEL PRODUCTION AND COLLECTION

ON HUMAN HEALTH

Function

Possible Health Effects

Processing/preparing dung cakes

Charcoal praduction

Gathering fuel

Fecalforalfenteric infection
Skin infecrion

CO/smoke poisoning
Bumsitrauma

Cataracis

Trauma

Reduction in infani/child care
Biles from venomous snakes, spiders, leeches, insects
Allergic reactions

Fungus infections

Severe fatigue

ADVERSE EFFECTS OF BIOMASS COMBUSTION ON HUMAN HEALTH

Bifects of smoke {acute and subacure)

Effects ol toxic gases (eg., C0O)

Ellects of smoke {chronic)

Acute eflects of hear
Chronic effects of heat
Ergonomic ellects of crouching over stove/fire

Conjunctivitis, blepharoconjunctivitis
Upper respiratory irritadon, inflammarion
Acute respiratory infection

Acute poisoning {from COj
Cardiovascular diseasey

Chronic obstructive pulmonary disease
Chronic bronchitis

Adverse reproductive outcomes
Cancer (lung)

Bums

Calaracts

Arthritis

Source: WHO, 1991b.



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:
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
| million years to create

» QOil
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

Gascous

fuel

I

» Distillation process for dividing
petroleum into various
fractions

Separated on the basis of
boiling points

Complex mixture of
hydrocarbons and molecules

Automobile
gasoline
Jet fuel
. —— Keroscne 2
H Diesel wil
=1 House heating fuel
E p—e (a5 o]
jﬁ: 1 Steam generating,
| é industrial fuel
|
| Lubncating -
- oil
crude |
ol Wax
Residue
Asphalt
coke
Chemical Compuosition
Fraction Carbon Muolecular Boiling
aloms weight range, 'C
Gaseous I 16-58 -1.26-=0
Gasoline 5-12 T2-170 0-204
Kerosene 10-16 156-226 180-274
Gas oil 15-22 212-294 260-3T1
Lube oil 19-35 268-492 338468
Residue 36-20 492-1262 468+

Figure 2.5 Crude oil refining.

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

Major trade movements :
Teade flows worldwide
{inillicn tons) i
usa

B Caianda

Bl Mexico

B8 5. & Cent, America
B Europe

£ Former Sovien Union
B Middle East

] Africa

E3 Asia Pacific

Figure 2.6 Foutes of itermational oil wade.,  Sewrce, BE Ancco, Stedistcal Review of W ld
Energy J000, (http/iwww bp.coms/oentres/energy/world _stat_revioil/trade.asp)




Fossil Fuels

» Known reserves of oil and natural gas may be consumed

in the next 30-40 years

20
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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

When coal is burned inorganic and organically bound sulfur is
oxidized to SO,

SO, & NO, from burning coal is the major source of acid rain

21



Fossil Fuels - Coal

B Anthrecite

8 Biturninous
Sub-bituminous
] Lipnite

Average Sulfur Content of Coal by Rank

Fo of total % with sulfur

Rank coal reserves content > 1%
Anthracite 0.9 2.9
B':h.lmim:rus 46.3' 70.2
Sub-bituminous 24.7 0.4
Lignite 284 9.3
Toral, all ranks 100.0 35.0

Figure 2.11 Coal distribution in the United States and average sulfur content of coal.
Source: F. Averitt (1960). U.S. Geological Survey, Bulletin 1136 (Washington, DC: U.S.
Depantment of Interior).



Fossil Fuels
— » Swedish Coal-Health-
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turhances that can wocur, From SCHET, 1983, with permission.
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Fossil Fuels

Generator
Transformer

Condenser Cooling Water Condenser




Fossil Fuels

TABLE 9.4
HAZARDS ASSOCIATED WITH FOSSIL FUEL EXTRACTION AND PROCESSING
Fuel Location Hazards and Effects
Coal Underground mines Coal workers’ pnevmoconiosis (CWP) or “black
lung,” silicosis, lresfexplosions, infuries
Open-pitl mines Indusirial bronchitis, chronic cough, accidents
{mining, ransport}
0il Qff-shore developments Accidents caused by weather, explosions
Land oil fields Dermatitis {[rom long-term exposure to crude ofl),
accidents/explosions
Refineries Exposure to hydrocarbons (known carcinogens)
Marural gas Deposits Hydrogen sulfide exposure, accidents/explosions
Relineries Exposure 10 hydrocarbons {(known carcinogens),
accidenis/explosions
TABLE9.S
HEALTH HAZARDS ASSOCIATED WITH FOSSIL FUEL COMBUSTION
Fuel Method of Combustion Associated Hazards and Effects®
Coal Damestic fires Acuie respiratory infections, chronig

{i.e.. using raw coal)

Indusirial consuription

il Industrial consumption
Vehicles

Domestic consurmption
fe.g.. kerosene stoves)
Natural gas Industrial consumprion
Domestic use jcookingheating)

lung discases, lung <ancer
Accident/fire, air poliution effecls
Accident/lire, air pollution eflects
Motor vehicle accidents, gir pollution
eifects
Indeor 3lr pollution ellects

Air pollutanis
Air pollutamts, asphyxiation, explosions

The different types of air polaion are discussed In Chapuer §,



Fossil Fuels

» Indirect Health Effects

Transboundary pollution

Urban centers located along
country borders

Global warming

Acid Rain

26

U.5. SOURCES

CO; from energy generation is largest
component of greenhouse gas emissions ...

Mitrous oxide HFCs, PFCs, sulfur
5% hexafluoride

Methane
7%

CO- from ——
-:iher
SOUrces
3%

CO; from
ENergy
E‘HE
U.5. greenhouse gas emissions =
1.89 billion tons of carbon equivalent

.« and energy for making electricity
accounts for largest share of that

Other

Electricity
9%

39%

Trans{nriatiun
2%

U.5. CO, emissions from energy generation =
1.53 billion tons of carbon equivalent

HFCs = bydroflunrocarbons. PFCE = perfluorocarbons
NOTE: Data are for 2000 SOURCES: DOE. World Resources



Fossil Fuels

» Pollution Prevention

Mitigation technologies
Scrubbers- reduce SO, emissions up to 95%
Electrostatic precipitators & bag filters trap large amounts of particulates

» New technologies

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 oll

27



Fossil Fuels

Carbon dioxide
pumping station
[ S i
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Depleted oil or
BAS Meservoirs
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Deep aguifer
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lake
Sterage underground Advaniages Disadvantages Storape in oceans Advantages Disadvantages
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Figure 2.12  Potential storage sites for carbon dioxide in the ground and deep sea.  Sowrce: H. Herzog
et al. (2000). Capluring greenhouse gases. Scienrific American 282(February):72-79. Reprinted with
permission from D. Fierstein.



Hydropower

» Renewable & Clean Energy

» Accounts for Y4 of world’s electricity output

Potential uses of hydropower
Europe: 36%
North America: 59%
Asia: 9%
Latin America: 8%
Africa: 5%

29



Hydropower

Hydroelectric Dam

Long Distance
Power Lines



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

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

31



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

» 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

32



Hydropower

» Mitigation by Environmental Management

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

Predict negative effects of dam construction

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

33



Nuclear Power

» 95% of total generating capacity of nuclear power is in:
North America
Europe
Japan

» 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

34



Nuclear Power

» 3- Mile Island
Core heated & melted
Pressure vessel & containment structure remained intact

} C h e rn o byl Chemobyl. caesium-137, 1986-05-09 00:00:00, base-10 log of total ground deposition (By.m )
. ‘.

Reactor was obsolete design

EdF R&D

anisTech and

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

35




------

Nuclear Power

11111

» Fukushima

TOhoku 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
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

|2 mi-radius (~100,000 persons) evacuation around the plant

36



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

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

37



Nuclear Power

» Health Effects
Stochastic (non-threshold) effects

Cancer

Conflicting studies on increase in childhood leukemia

Heredity Effects

Deterministic (Threshold) effects
Acute exposure

Include:
Skin burns
Damage to bone marrow
Sterility

38



Nuclear Power

» Safety Approaches
Built-in-safety factors on new reactors
Retro-fit older reactors to achieve current safety standards
Management of nuclear waste

39



Nuclear Power

Where to store waste!?

Geologic formations
Yucca Mountain proposed site

Types of Waste Disposal

Low & Intermediate-Level Waste Disposal

Effective barriers
Prevent significant transfer

Shallow ground disposal with or without concrete liner

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

Deep underground & stable rock formations with multiple engineered
barriers

40



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

» Alternative to fossil fuel & biomass

Most promising alternatives:
Hydropower
Wind
Solar
Geothermal
Other alternatives
Tidal

41



Alternative Energy Sources

TABLE 5.6
SUMMARY OF SIGNIFICANT HEALTH EFFECTS Of TECHNOLOGIES FOR
GENERATING ELECTRICITY
Technology Cccupational Health Effects Public Heaith Effects
Geothermal Exposure to ioxic gases, rowine Disease from exposre to toxic brines
and accidenal and hydrogen sulfide
Stress [rom noise Canger from exposure to radon
Trauma [rom drilling accidenis Arsenic poisoning from contaminated water
Mercury poisoning via fish in this water
Hydropower  Traema [rom dam failures Mercury peisoning through mercury
Trauma from construction accidents contamination of waler and lish
Disease from exposure 1o pathogens  Malaria spread 1o new areas
Health effects from lifestyle Schistoscmiasis
disraprion associated with forced
relpcation
Photovoltaics  Exposure 1o toxic materials during Exposure to 1oxic maierials during
[abrication, routine and accidental fabrication and disposal, Toutine and
accidental
Wind Trauma from accidents during Noise disturbance
gonstruction and operation
Solar thermal  Trauma from accidenrs during

fabrication
Exposure to toxic chemicals during
operation




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 /6 CO, of relatively clean natural gas
fueled power plants

» 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

43



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

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

» Effects of heated water on ecosystems

44



Geothermal

200°C

150°C

100%C

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

45
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Resources are classified
by temperature

The highest
temperature resources
are used for electric
power generation

Low Temperature

Less than 90°C
(194°F)

Moderate Temperature

90C-150°C (or
|94F-302°F)

High Temperature

Greater than 150°C
(302°F)



Photovoltaic

» Renewable source of energy

» Photovoltaic cell (PV cell)

46

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

Solar energy cannot be
converted at 100% efficiency

/2 of photons cannot be
utilized

Anti-reflection Sunlight
coaling é
Transparent
o ¥ Current —
Cover glass Front contact
75 ' 722

r=type semiconductor

Back contact

p-type semiconductor

Figure 4.8 Schematic diagram of a
photovoltaic cell.  Sowrce: C. L. Stanitski
et al. (2000) Chemistry in Context, Applying
Chemistry to Society (third edition) (New
York: McGraw-Hill). Copyright ©@ 2000 by
The McGraw-Hill Companies. Reprinted
with permission.



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
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

47



Solar Thermal

» Clean Energy

» Generate high temperatures
by using mirrors to

concentrate sun’s rays up to
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

48




Solar Thermal

Trough Systems Power Towers
Receiver

Receiver
and
generator

Concentrator

Receiver

Heliostats

(a) (b)

Figure 4.3 Electrcity from solar thermal energy. a) Trough system; b) Power tower; ¢) Solar

dish/engines. Sowrce: Sun Lab Snapshot (1998). Concentrating Solar Power Program, Overview.
U.S. Department of Energy. Jwww.nrel gov/d '




Figure 4.12 Photovoltaic Solar Resources
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Wind Power

» Renewable source of energy

» Lowest-cost alternative o
electricity from fossil fuel &
nuclear plants

» The total wind resource in
the Great Plains is nearly 3
x’s as large as US electricity
generation in 1999

51

328 it
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ground level
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Figure 4.14  State-of-the-art wind urbines
with high hub heights and large rotor
diameters. Somrce: U.S. Department of
Energy, Wind Energy Program
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Figure 4.13 Onshore Wind Resources
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Wind Power

TABLE 4.2 TEN COUNTRIES WITH LARGEST WIND ENERGY PRODUCTION (2000}

Installed Wind energy Total electricity Total
wind capacity production production provided by wind

Country (MW (million MWh) {million MWh) (percent)
Germany 6,113 11.50 4952 2.3

United States 2,554 5.10 3,2359 02
Spain 2,250 4.50 189.6 24
Denmark 2,140 4.28 329 13.0
India 1,167 233 424.0 0.6
Netherlands 449 0.90 97.8 09
Italy 420 ' 0.84 272.4 0.3
United Kingdom 400 0.80 333.0 0.2
China 265 0.53 1,084.1 =1
Sweden 226 _ 0.45 128.8 0.4
Total 15,984 312 6,294 0.5

Source: American Wind Energy Association, news release (February 9, 2001).
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Figure 4.1 a) Distribution of fuels in world primary energy use including share of
_____________________________________ renewable energy contribution (2000); b) Distribution of remewsahle fuels in deveioping

countries and rest of world.  Sowrce: Energy Information Agency, U.S. Department of
» 54 Energy, Outlook 1998 with Prajections through 2020, Washington, DC.



Energy Costs

» As demand for renewable 03 - S
energy goes up, the price is 025 |
expected to decrease .

é .
» Solar power is becoming 4
> 01
more cost-effective
005, e e
| Lo

» Wind & Geothermal are now 1985 1987 1389 1931 1938

Yaar
at lower cost than traditional
fossil fuels after |n|t|a| Figure 9.6 Cost of electricity
. . . from wind energy at two inter-
InStlllatlon est rates, 1985-94, From WRI,

1994, with permission.
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‘nergy Costs

Narrowing Gaps PHOTOVOLTAIC 100
Altarnative energy sources have long been
promoted as cleanar options to fossil fuals, o0

But their high cost relative to coal and oil have =
kapt them from catching on. As that gap
marrows, investors are starting to take mota.,
Here are how retail prices of electricity from
alternative sources compare with SOLAR THERMAL -
that generated by fossil fuels. T

&J
Retaill cost of electricity T

50
ALTERMATIVE FO55IL =
SOURCES FUELS
Estimated, Adjusted for WIND &)
in constant inflation in
2000 dallars 2000 dalfars

E

BIOMASS 20

GEOTHERM AL

e —Ro S=f o Solame S

cen ts per kil owat -hour

http://www.magma-power.com/pages/magma_power.html
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Kentucky Data

2011 Annual Summary

Kentucky Department for Energy Development
& Independence

Kentucky Energy & Environment Cabinet
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Kentucky Electrk'.:hr Generation, 2010
Electricity Generation by Fuel Type (%)

B Fetoleum N Eomacs

. Coal S Naturel Gas  EEEEEEE Hydro

Wood

Kentucky Energy Database, EEC-DEDI 201
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Annual Expenditures by Sector (Milion $)
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863-2009
Industrial Energy Consumption per State GDF Dollar, 1
ndustrial Energy Use (Biu) per Real GDP ($ US 2010)
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Kentucky Renewable Electric Power [YTTITTIIIIIIT
Industry Net Generation, by Energy Source,
2005 - (Thousand MWH] per year

@ Hydro Conventional ®@ Wind 2009
@ Wood/Wood Waste m Selar

Source: EIA.gov



TOTAL REBATES BY CATEGORY 50%

0%

HVAC 4,920 rebates {14%) —I |
)

WATER HEATERS 966 rebates (3%

Freezers Air Conditioners Heat Pumps Boilers
765 _l |_ {Room) {Ground Sourge} _l | {Gas) I_ t%lc:cli'r: Backup)
665 139 5 21 5

. Gas
Electric Tankless
Heat Pump 262
378

Dishwashers

6,955 Heat

Pumps
(AirSource)
2,225

Refrigerators

7929 {Central)

858

MAJOR APPLIANCES HVAC WATER HEATERS
Major Water All

Rebate Payments to Customers $2,061 $1,539 $248 $3,848
{Thousands} ' .
Consumer Spending (Thousands) i ; : i
and Leveraging Ratio $20,962 (10.2:1) $28,958 (18.8:1) $1,189 (4.8:1} $51,108 (13.3:1)
Sales Tax Leveraged  (Thousands) : - . :
and Leveraging Ratio $1,258 (0.6:1) $1,737 (1.1:1) $71(0.3:1) $3,067 (0.8:1)
Annual Cost Savings*
{Thousands) $967 $433 $119 $1,519
Annual Energy Savings”
(Billions of Btu) 14 25 6 45

Estirnated Maote: Due to rounding, the sum of the first three celumns may not equal the “All Praducts™ total.
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http:/ /kyenergydashboard.ky.gov
- A public website is available where visitors can learn about each of the buildings
involved in the pilot and view the energy unit and dollar savings in real fime.
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