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World Energy Demands are Increasing

The world in figures: Countries

e Top growers
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Correlation GDP
& Energy Consumption
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Significance of Energy

* Energy has always played an important role in human and
economic development and in society’s well-being.

 Without energy, economic activity would be limited and
restrained.

 Modern society uses more and more energy for industry,
services, homes and transport.

* The effects of growing demand and depleting resources calls for
a close monitoring of the energy situation.

* Energy dependency, security.

* Environmental concerns (e.g. climate change, acid rain, ozone
depletion, photochemical smog).
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EU Energy Policy

“The energy challenge is one of the greatest tests faced by
Europe today. Rising energy prices and increasing dependence on
energy imports jeopardise our security and competitiveness. Key
decisions have to be taken to slash our emissions and mitigate
climate change.”

Competitive, sustainable and secure energy.
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Categorization of Energy forms

Terminology for Energy Commodities
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Energy Consumption Sectors

* Industry (chemicals, iron and steel manufacture).

* Transport (Road, Air, Pipelines, etc).

e Agriculture (pumps for irrigation).

* Residential (heating, lighting).

 Non-energy uses of fuels, e.g. as raw materials on non-

fuel products, as lubricants due to their unique
properties and as solvents.
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Primary World Energy Consumption

Figure 2.8 = The global energy system, 2010 (Mtoe)
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Energy Overview (1/6)

 The “Arab Spring” (energy supply and security) and the
earthquake/tsunami in Japan (nuclear power) were the
main events that affected the global energy in 2011.

* Oil prices hit an all-time record high in 2011.

e All of the net growth in 2012 took place in emerging
economies, with China-India alone accounting for nearly
90% of the net increase in global energy consumption.

e OECD consumption declined for the 4t time in the past 5
years, led by a large decline in the US.

£5E NavemiotApio AuTiking Makedoviag



Energy Overview (2/6)

* Despite the slowdown, consumption/production
reached record levels except for nuclear power and
biofuels.

* Global energy consumption grew by 1.8% in 2012,
well below the 10-year average of 2.6%.

 Consumption in OECD countries fell by 1.2%, led by a
decline of 2.8% in the US.

* Non-OECD consumption grew by 4.2%, below the
10-year average of 5.3%.
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2012 — World Consumption
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* World primary energy consumption grew by a below —average 1.8% in
2012. Growth was below average in all regions except Africa.

* Qil remains the world’s leading fuel, accounting for 33.1% of global energy
consumption. Qil has lost market share for 13 years in a row.

* Hyrdoelectricity (6.7%) and other RES (1.9%) reached record shares.
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Regional

Consumptlon Pattern 2012

mption pattern 2012

ERE

Asia Pacific

 The Asia Pacific region accounted for a record 40% of global energy consumption

and 69.9% of global coal consumption in 2012; the region also leads in oil and

hydroelectricity generation.

 Europe & Eurasia is the leading region for consumption of natural gas, nuclear

power and renewables.

e Pacific region, the only region dependent on a single fuel for more than 50% of

total primary energy consumption.

% MavemoTAuio AuTikng Makedoviag

14



Energy Overview (3/6)

* Global oil consumption grew by a below-average 0.9%.

* QOil had the weakest global growth rate among fossil fuels for
the 3rd consecutive year.

* Global oil production, in contrast, increased by 1.9 mb/d or
2.2%.
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Energy Overview (4/6)

* World natural gas consumption grew by 2.2%. Growth was below average (2.7%).

 Consumption growth was above average in S&C America, Africa and N. America,
where the US (+4.1%) recorded the largest increment in the world. China (9.9%)
and Japan (10.3%) were responsible for the next-largest growth increments.

 EU faced a large decline (-9.9%) in 2011 and this was also the case for 2012 (-
2.3%). Due to the weak economy, high gas prices, warm weather and continued
growth in RES power generation.

e Global natural gas production grew by 1.9%.

-0.9”

23.9”
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Energy Overview (5/6)

e Coal consumption grew by 2.5% in 2012, well below the 10-year average
of 4.4% but still the fastest-growing fossil fuel.

* Consumption outside the OECD rose by a below-average 5.4%. China still
accounts for all of the net growth in global coal consumption.

* Global coal production grew by 2%, with growth in China (3.5%) and
Indonesia (9%) offsetting a decline in the US (-7.5%)

* Coal reached the highest share of global primary energy consumption
(29.9%) since 1970.
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Energy Overview (6/6)

* Global nuclear output fell by 6.9%, the largest decline on record for a 2"
consecutive year. Japanese output fell by 89%, accounting for 82% of the
global decline.

* Nuclear output accounted for 4.5% of global energy consumption, the
smallest share since 1984.

e Hydroelectric output grew by above average 4.3% reaching the highest
share on record (6.7%) of the global energy consumption.

* RES saw mixed results in 2012. Global biofuels production recorded the 1t
decline since 2000 (mainly to US).

* Renewable energy used in power generation grew by 15.2%, slower year-
on-year growth for the 15t time since 2008.

* Wind energy (+18.1%) accounted for more than half of RES power
generation. Solar power grew more rapidly (+58%).
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Fossil Fuel
Reserves to Production (2012)

‘fears

OECD Non-OECD European Union Former Soviet Uni World

* Coal remains the most abundant fossil fuel by global R/P ratio, although
global oil and natural gas reserves have increased significantly over time.

* Non-OECD countries possess the majority of proved reserves for all fossil
fuels, and have a higher R/P ratio than the OECD countries for oil and
natural gas.
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Electricity & heat

e Electricity is an energy carrier with a very wide range of applications
(industrial production, household use, lighting, heating, etc).

* Primary electricity is obtained from natural sources such as hydro, wind,
solar, tide and wave power.

e Secondary electricity is produced from the heat of nuclear fission of
nuclear fuels, from the geothermal and solar thermal heat, and by
burning primary combustible fuels (coal, natural gas, oil, renewables and
wastes).

* Heat, as electricity, is an energy carrier primarily used for warming spaces
and industrial processes.

Electricity & Heat

S

D
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Electricity Generation
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Electricity and Heat Flows

Figure 2.1 @ Simplified Flow Chart for Electricity
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Electricity & Heat Supply

* Electricity and heat are produced from several sources in two
basic types of plants, by two types of producers.

 The sources, include coal, petroleum products, Natural Gas,
renewables, etc.

* Type of plants: electricity only, heat only, CHP.

* Types of producers: public and private producers.

 The major sources for production of electricity and heat are
coal (39%), followed by NG, nuclear, hydro (each 17%) and oil
(8%).

* During the past 30 years, the share of oil decreased from 25
to 8%, while the nuclear increased from 3 to 17%.
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Electricity &
Heat — Imports & Exports

e With increasing globalization and opening of countries’
economies, trade of electricity has been growing.

* On all continents, countries are connecting their grids in order
to improve security of electricity supply and take advantage of
generating cost differentials.

e Electricity is transported using high-voltage national
transmission grids, which are interconnected at borders.

e Since it is impossible to store electricity, supply must always
equal to demand in order to keep the grid in balance (cross-
border flows).
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Electricity
& Heat Consumption (1/2)

The consumption of electricity and heat occurs in several sectors:

m In the transformation sector, and by the energy industry within the energy sector.
m In the transmission and distribution of electricity and heat.

m In the various sectors and branches of final consumption (industry, transport,
residential, services, efc.).

* The transformation and energy sectors consume around 10% of global
electricity supply and around 9% of global heat supply.

* For electricity, the distribution losses account for anywhere from 7 to 15%
of electric supply.

« The amount of losses depend on the size of the country (grid length),
voltage of transmission and distribution, quality of network.

* For heat, distribution losses account for about 15%. The heat is usually
distributed over short distances, otherwise it becomes inefficient.
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Electricity
& Heat Consumption (2/2)

* The final consumption is a major part of the electricity and
heat consumption accounting for about 80% of total
consumption.

* The share of the residential and commercial/public service
sectors combined increased from about 38 to 52% over the
last 30 years.

 The industry sector has constantly increased at a lower rate
compared to residential and commercial/public sectors. The
share of industry has decreased from 51% in 1973 to around
42%.
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Natural Gas Overview
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Natural Gas

Natural gas comprises several gases, but consists mainly of methane
(85%).

Natural Gas is taken from natural underground reserves and is not a
chemically unique product.

When NG is produced in association with oil is called associated gas while
when is deriving from a gas reservoir is non-associated gas.

The gas that is produced when coal is mining from underground mines is
called colliery gas.

When a gas contains appreciable amounts of butane and heavier
hydrocarbons is termed as wet gas.

Dry gas consists mainly of CH, with relatively small amounts of C,H,, C;Hs.
When gas is liquified is called Liquified Natural Gas (LNG).

NG now accounts for more than 21% of global total primary energy supply
compared to 16.2% in 1973. =y

Natural Gas f
= in
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2012 — Natural Gas
Production/Consumption

Resst of Worid 3500 Resst of Wiord

 World NG production increased by 1.9% in 2012, while
consumption increased by a below average 2.2%.

* Production grew in every region except Europe (lowest level
since 2000) and Eurasia, where declines in Russia and the UK
offset a gain in Norway.
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2012 — Natural Gas
Consumption per capita

Consumption per capita 2012
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2012 — Natural

Gas PROVED RESERVES

Distribution of proved reserves in 1992, 2002 and 2012
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2012 — Natural
Gas Reserves to Production

2012 by region
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 World proved NG reserves are sufficient to meet 55.7 years of
global production.

* Proved reserves declined by 0.3% relative to end 2011.
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Natural gas formation

e Natural gas forms mainly from the remains of plankton, or a
type of small water organisms including algae.
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Formation of
Petroleum and Natural Gas (1/3)

* Accumulation of organic material — typically marine sludge.

e Burial and preservation of organic material — reducing
conditions.

 Reducing conditions in deep sea or on continental shelves
during times of unusual oceanic circulation.
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Formation of
Petroleum and Natural Gas (2/3)

* Black, organic-rich sludge is buried deeper and
converted to rock — shale.

* With burial, the organic matter is heated.

 When heat is sufficient (but not too great) —in the
range of 100-300 °C — the organic matter is “cooked”
and oil forms.

* Process is called thermal maturation.
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Formation of
Petroleum and Natural Gas (3/3)

* If heat is greater than 300 °C, the liquid petroleum is
further broken down to form natural gas.

* If heat is too great, even the natural gas is broken
down to form carbon dioxide, which has no value as
a fuel.
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How NG is created

Natural gas is formed underground though heat and pressure
acting on organic matter.

The light gas “travels” through porous earth until it gets trapped
under rock formations.

Oil and water are also found in these reservoirs.
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Locating Natural Gas Reserves

Vibrator Truck
Recording (Energy|Source) Geophone
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The technologies used to
locate and extract gas have
improved significantly.

Seismography measures the
travel time of shock waves
from the surface, refracted,

and reflected back by
underground rock formations.

This provides a picture of
underground structures and
probable locations for gas and
oil.
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Drilling Rig

A well is dug by a drilling rig.

In a rotary drilling rig, a rotating
bit is mounted on the bottom of

a drill pipe.

Drilling mud lubricates and Mud Hose. )
cleans the rotating bit, which is RotaryTa:lz”y
propelled by the Sludge Pump Mud Pump._

through the Sludge tube.

Casing lines the hole preventing  orilPipe——

collapse.

Casmgrmz

Bit —

Hook
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Completed Well

* Once the hole is drilled,
cement is poured outside the

casing to stabilize the ground.

* Gas is forced by underground
pressure to travel to the
surface where flow is
controlled and directed by a
series of pipes and
instruments.

 The gas then flows into the
gathering systems lines.
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Natural Gas Transportation System
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Natural Gas flows

Figure 3.1 & Simplified Flow Chart for Natural Gas
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Natural Gas supply

Figure 3.3 o Simplified Flow Chart for Notural Gas Production
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Natural Gas — Imports & Exports

* There are two main means of transport of NG: in a gaseous
from by gas pipeline, and in a liquid form by LNG carriers.

* Because of the relative difficulty and high cost for transporting
NG, trade of gas remained limited until recently.

* In 1971, the gas traded accounted for 5.5% of total NG
consumed. However, in the last decade, NG trade increased
fast and is now representing more than % of oil gas consumed.

* In the past the trade was local, however with the

development of more efficient pipelines the market became
more regional.
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2012 — Natural
Gas Trade Movements

Major trade movements 2012
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Natural Gas —
Stocks levels and Changes

* NG demand is very seasonal in most countries.

* To limit the need for long-distance transport and to improve the
security of gas supplies, countries have started to build gas storage
facilities.

e @Gas storage facilities are divided to seasonal and peak.

e Seasonal storage sites must be able to store huge volumes of gas
built up during low demand times for slow release during periods of
high demand.

* Peak facilities store smaller quantities but must be able to inject gas
quickly into the transmission network to meet surges in demand.

 The storage facilities can be classified according to physical type:
aquifers, salt caverns, LNG peak-shaving units, mined caverns, etc.
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2012 — Natural Gas Prices
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Natural Gas consumption

The consumption of natural gas occurs in several sectors:

In the transformation sector.
By the energy-producing industry within the energy sector.

In the transport and distribution of gas.

In the various sectors and branches of final consumption (industry, transport,
residential, services, etc.). This includes both energy and non-energy uses of
natural gas.

* In the past, NG was perceived as a noble fuel, reserved for
premium uses. Due to its high efficiency, low capital costs and
cleanliness, it is used in a variety of applications.

* Inrecent years, NG consumed for electricity has accounted for
almost 20% of global electricity production (up from 13% in
1973), and accounts half of the world heat generation in CHP
and heat plants.

G
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Natural Gas —
Transport & Distribution losses

* As NG is often piped over long distances, some losses
may occur.

* Transport losses are those that occur during the
transmission of gas over a long distance.

e Distribution losses are those that happen in the gas
supply chain through the local distribution network.

e These losses are due to differences in measurement of
flows (flows calibrations, different ambient conditions).

* These losses account for less than 1% in global gas
supply.

£5E NavemiotApio AuTiking Makedoviag



Natural Gas — Final Consumption

* In the transport sector, NG is used in a compressed (CNG)
or in liguified form (LNG).

* CNG is used due to its clean burning properties, in light
duty vehicles and is stored in high-pressure cylinders.

 LNG is favoured for heavy duty vehicles.

* Non-energy uses concern the petrochemical industry (NG
is used for ammonia and methanol syntheses).

* NG represents 16% of global final energy consumption.
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Oil Overview

BP website (httpy/Awww.BP.com
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Oil

* Petroleum is a complex mixture of liquid hydrocarbons, chemical compounds containing
hydrogen and carbon, occurring naturally in underground reservoirs in sedimentary
rock.

* Crude oil is the most important oil from which petroleum products are manufactured.

A whole range of petroleum products are derived from crude oil, varying from light
products such as liquified petroleum gas (LPG) and motor gasoline to heavier ones such
as fuel oil.

 Qilisthe largest traded commodity worldwide, either through crude oil or refined
products.

* Although oil supply grows in absolute values, its share in global total energy supply has
been decreasing, from over 45% in 1973 to 35%.
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Oil Products

Primary versus Secondary Qil

Cruds ail
PRIMARY
QIL Matural gas liquids
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Oher hydrocarkors
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INPUTS TO REFINERY Refinery faadstocks
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Ethare Heating and cthar gasail
Liquefied petroleum gosss Ras. fuel: low-sulphur contert
Maphtha Ras. fual: high-sulphur contart
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2012 - Oil
~production/consumption (1/2)

Production by region Consumption by region

W 5. & Cent. America
North America

* World oil production increased by 1.9 mb/d in 2012, more
than double the growth of global consumption.
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2012 - Oil
production/consumption (2/2)

Product consumption by region
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2012 - OIL

CONSUMPTION PER CAPITA

0-0.75
0.75-156
1.6-2.25
2.25-3.0
M >30
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2012 — OIL PROVED RESERVES

Distribution of proved reserves in 1992, 2002 and 2012

B Middle East

W 5. & Cent. Amenica
MNorth Amenica

B Europe & Eurssia
Afnica

W Aszia Pacific

2012
Total 1668.9
thousand million
barrels

2002
Total 1321.5
thou=sand milion
bamals

1002
Total 1058.3
thousand million
mamals
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2012 — OIL
RESERVES TO PRODUCTION

 World oil proved reserves are sufficient to meet 52.9 years of global
production.

 OPEC members continue to dominate, holding 72.6% of the global total.

* Global proved reserves have increased by 26% over the past decade.
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Origin: Chemistry

en.wikipedia.org/wiki/Image:Petroleum.JPG
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Crude Oil

en.wikipedia.org/wiki/Image:Octane_molecule_3D_model.png

Hydrocarbon

* QOil is made of a complicated mixture of
different hydrocarbons.

* Asthe name suggests these are large
molecules made up of hydrogen atoms
attached to a chain of carbon.

e Short chain HCs (methane) are gases;
Medium chain HCs (paraffin) are liquids;
Long chain HCs (bitumen) are solids.
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Origin: Plankton

Animal plankton

ALASRININ Y Y
\\\\\\\\
.....

10,000 of these bugs
would fit on a pinhead!

Most oil starts life as microscopic plants and animals that live in
the ocean.

D
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Origin: Blooms

serc.carleton.edu/images/microbelife/topics/red_tide _genera.v3.jpg

* Today, most plankton can be
found where deep ocean
currents rise to the surface.

* This upwelling water is rich in
nutrients and causes the
plankton to reproduce at high
rates generating blooms.

* Blooms of certain plankton
called dinoflagellates may give
Dinoflagellate bloom — red tide. the water a red colour.
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Origin: On the sea bed

upload.wikimedia.org/wikipedia/en/0/04/Plankt
on.jpg

- - . - - -~ A - - - NOALUD -
upload. wikimedia org/wikipedia’en/J/04/Plankion jpg

1 Sea bed |

When the plankton dies it settles on sea
bed to form an organic mass.

en.wikipedia.org/wiki/Image:Nerr0328.jpg

=2 sedia oraiwikilmace Nerr0325
en. wiKipedia org/wiimageiNernuoss. Jpg

If there are any animals on the
sea bed these will feed on the
organic particles.

D
% MavemoTAuio AuTikng Makedoviag



Origin: Black Shale

upload.wikimedia.org/wikipedia/en/0/04/Plankton.jpg ° However’ if there is little or no
oxygen in the water then animals
can’t survive and the organic
mass accumulates.

 Where sediment contains
more than 5% organic matter,
it eventually forms a rock

known as a Black Shale.

Black Shale turns to oil and gas © Earth Science World Image Bank

G
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Origin: Cooking

g me wiredore

Cakpthi i

TEmp (%)

Kerogen

i ]:

60°C |

90°C

120°C |

150°C

www.oiIandgasgebloéy.com/_diI:gas_Wiﬁdow.jpg

As Black Shale is buried in the
Earth’s crust, it is heated, due to
the geothermal Gradient.

Organic matter is first changed by
the increase in temperature into
kerogen, which is a solid form of
hydrocarbon.

Around 90°C, it is changed into a
liquid state, which we call oil.

Around 150°C, it is changed into
a gas.

A rock that has produced oil and
gas in this way is known as a
Source Rock.

D
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Origin: Migration

* Hot oil and gas is less dense than
the water in the source rocks.

* Oil and gas migrate upwards up
through the rock in much the same
way that the air bubbles of an
underwater diver rise to the surface.

OO

@) o
%giq%@ Rising oil

* The rising oil and gas eventually gets
trapped in pockets in the rock called

reservoirs.
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Origin: Ancient Earth

© Ron Blskey, Arzons Flagstaff

* During mid-Mesozoic times
around 150 million years ago,
conditions were just right to

build up huge thicknesses of

Black Shale source rocks.

’ f‘.,ﬁ’ =T
S Ancient Earth

The world’s main oil deposits all
formed in warm shallow seas

where plankton bloomed but
bottom waters were deoxygenated.
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Exploration
and Production Oil Traps

Impermeable

Dome Trap

Permeable

e Some rocks are

permeable and allow oil
and gas to freely pass
through them.

Other rocks are
impermeable and block
the upward passage of oil
and gas.

Where oil and gas rises
up into a dome (or
anticline) capped by
impermeable rocks it
can’t escape. This is one
type of an Qil Trap.
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Exploration and

Production Reservoir Rocks
= ' . __:; ‘;~~' e - l

* The permeable rocks in an oil trap
is known as the Reservoir Rock.

e b3l ‘ * Reservoir rocks have lots of
" - P ' interconnected holes called pores.
R2 These absorb the oil and gas like a
sponge.

% 2 As oil migrates it fills up the pores
- &= X" . (oil-filled pores shown in black).
Earth Science World Image Bank Image #h5innl




Exploration and
Production Seismic Surveys

Vibrator Truck
Recording Truck (Energy‘Source)

Geophone
(Receivers)

A A \ v‘ -
\ “‘ % 7 7
CREIMING=——\ L\ o
\ \ / ‘”’/ “u‘ /

Soundiiaves A\

Earth Science World Image Bank Image #h5inpj

Earth Science World Image Bank Image #h5inor

 Seismic surveys are used to locate likely rock structures underground

in which oil and gas might be found.

 Shock waves are fired into the ground. These bounce off layers of
rock and reveal any structural domes that might contain oil.
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Exploration and
Production Drilling the well

en.wikipedia.org/wiki/lmage:Qil_platform.jpg

Once an oil prospect has
been identified, a hole is
drilled to assess the
potential.

The cost of drilling is very
great. On an offshore rig, it
may cost $10,000 for each
meter drilled.

A company incurs vast
losses for every “dry hole”
drilled.
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Exploration and
Production Enhanced Recovery

STEAM INJECTOR OIL PRODUCER

© California Department of Conservation

e Although oil and gas are

less dense than water and
naturally rise up a well to
the surface, in reality only
40-50% of the total will do
SO.

To enhance recovery, a hole
is drilled adjacent to the
well and steam is pumped
down. The hot water helps
to push the oil out of the
rock and up into the well.
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Exploration and
Production Transport

* Once extracted oil and

' k
‘ ’T"s" Pe""e 3°° m gas must be sent to a
refinery for
processing.
" Fruthos 5y S — | * Pipelines transport
o, ALASKAT ‘5'55};::'5 0 e most of the world’s oil

from well to refinery.

e Massive Oil Tankers
also play an important
role in distribution.

United States Geological Survey




Exploration and
Production at the Refinery (1/3)

efinery Distillation gus

ey Plant P
, v 150°C

| 3 : L ‘ RETETETES  Gasoline <:| Car fuel

200°C (Petrol)

LL— Kerosene
300°C ) <j Jet fuel
Crude Oil 8= Diesel Oil

N Fu! Ol

tz‘::é.i“é‘v%f"'@ Road tar

Asphalt

FURNACE
en.wikipedia.org/wiki/Image:Crude_Oil_Distillation.png

. Before it can be used crude oil must be refined.

 Hydrocarbons can be separated using distillation, which
produces different fractions (or types) of oil and gas.
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Exploration and
Production at the Refinery (2/3)

* Further chemical processing is
required in order to make products
such as gasoline of various grades,
lubricating oils, kerosene, jet fuel,
heating oil, chemicals for plastics
and other polymers. It is possible to
change one fraction into another

through these three methods; Hoavy Gas ON s
. oL . Sy :
cracking, unification, and alteration. ssee i
. oa?o > acca o:srepresents
* Cracking takes large hydrocarbons Fhne o !
and brea kS them into Sma”er ones. http://science.howstuffworks.com/oil-refining5.htm

G
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Exploration and
Production at the Refinery (3/3)

e Unification is the process where smaller hydrocarbons are combined to make
larger ones. The main unification process is called catalytic reforming and uses
a catalyst to combine low weight naphtha into aromatics which are used in
making chemicals and in blending gasoline.

e Alteration: The structures of molecules in one fraction are rearranged to

produce another. Commonly this is done using alkylation- low molecular
weight compounds are mixed in the presence of a catalysts.

) i D
I §eformer
o0 00
000 000
e® 00 —>»00 OO0 000 P-4
o0 (o) e Q00 000
oo 0o 000 000
— OO0 w—rQ00
oo @0 o0 OO 830 4P
o0 (o))
Naptha Int lat
Y Y — ermediate
¢ | Gasoline 5‘ ::'::'t“rop m 000 Each dot represents
\ J OO J x 50800000 4 carbons
y

© 2000 How Stuff Works
© 2000 How Stuff Works

http://science.howstuffworks.com/oil-refiningS.htm http://science.howstuffworks.com/oil-refining5.htm
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Processes in a Refinery

Figure Al.4 o Operatfion of a Typical Refinery
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Qil flows

Simplified Flow Chart

Proaducton

—
A

for Ol

Refinery |——

Petrochemical
Industry

—

Inland
Deliveries
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Oil supply (1/3)

Supply of Crude Oll, NGL, Refinery Feedstocks, Additives and Other Hydrocarbons

From Other

Petrochemical
Industry

Socos Exports Direct Use Stock Build
Indigenous > N
Production lr_’
Imports Backflows f_rom Stock Draw
Petrochemical
Industry Products
f Transferred

Oils which are classified
under another name

The oil supply chain is consisting of the supplies of crude oil and finished

products and flows of the petrochemical industry.
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Oil supply (2/3)

Simplified Flow Chart for Indigenous Production

Associated
> Gas

B Crude

Oil
S Treatment
Extraction of ‘
Crude Oil and —— Separation NGL
Associated Gas

Blending Products from Outside Additives/
the Refinery Sector b

Other Inputs not already included

in energy balances N Hydrocarbons|—

e.g. far sands, orimulsion

Refinery Output is the production of finished products.
NGL: Natural gas liquids

Oxyagenates | |

; Annual Gas

Questionnaire

Indigenous
> Production
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Oil Supply (3/3)

 Crude oil is produced from different locations, onshore or offshore
fields or from different types of wells, in association with NG or not.

* Crude oil from the well, is a mixture of oil, water, sediment and
dissolved gases (CH,, C,H, C;H,, butane, pentanes).

* Initially, all gases are separated from the oil/water mixture due to
their high marketable value (e.g., LPG). In the following, the
sediment and other unwanted substances are removed in
treatment plants.

 The most important characteristics of crude oil are its specific
gravity and S content that determine its quality and price.

 The energy balance also include the additives (oxygenates) and
other hydrocarbons (e.g., shale oil).
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Supply of finished products

Supply of Finished Products

Infernational
Marine _ Products Stock
Runkers Exports| | Transferred| | Build
Refinery A
T Fueal
+ Gross Inland
Output A A _.'Dclim:r'ies
Refinery
Primary || Recycled || Imports || Interproduct Stock
Products || Products Transfers Drraw
Receipts
Crude
il
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Petrochemical Flows

Figure 4.6 o Deliveries fo the Petrochemical Sector

Refine Petrochemical Fertilisers
v INLAND Dlant
DELIVERY Plactice
[ > h > e
n C
s Ethane Mon-energy Rubbar
Foadstock » Maphtha Use and Fibre
n LPG
: g::i?mm o Emergy Use Pesticides
PETROCHEMICAL BACKFLOWS

(e.q. pyrolysis gasoling)
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Imports and Exports of Oil

* Qil is often found far from consuming markets. 2/3 of
the reserves of crude-oil are either in the Middle East
or in Russia, while almost 90% is consumed in other
areas.

* QOil can be transported in tankers, pipelines, railways
and trucks (vast transportation network).

* |simportant to know from which supplier country
you are dependent.
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2012 — OIL - TRADE MOVEMENTS

us
Canada
Maxico
M 5. & Cent. America
Europe & Eurasia
Middle East
Africa
Acsia Pacific
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Stock levels and changes of Oil

* Oil stocks are a critical element of information in an oil balance.

* Stocks allow for the balance between supply and demand; stocks
are drawn to help meet demand when supply falls short, while a
stock build offers an outlet for oil products to flow when supply
exceeds demand.

e Stocks are a leading indicator of prices.

* Oil stocks are important for strategic decisions.

* Primary stocks are held by the various companies supplying the
markets. They are held in refinery tanks, bulk terminals, pipeline
tankage, barges and coastal tankers.

e Secondary stocks are those held in small bulk plants

e Tertiary stocks are corresponding to end-consumers.
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2012 — OIL PRICES
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Oil Consumption

OQil consumption occurs in the following main sectors:

In the transformation sector.
By the energy industries in the energy sector.

In the transportation and distribution of oil (although limited).

In the various sectors and branches of final consumpfion (industry, residential,
etc.), including both energy and non-energy uses of oil.

Oil Consumption by Sector

—» | Transformation

—» Energy

Inland
Deliveries Distributi
Istribunon
= Losses Transport

Total Final

b Consumption ndustry

Residential,
Commerdial,
Agriculfure

» The use of oil products in the generation of electricity (now 8%) has been in
steady decline since the 1970s (25%).
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Oil Transport and Distribution losses

* The transportation and distribution of petroleum
products often involve multiple episodes of handling
and storage.

* Transporting means: by sea, pipeline, railway and
roadway.

* Ways of oil-losses: a tanker splits at sea, pipeline
leakages, train car derailments, tanker truck
accidents.
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Coal Overview
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Solid Fossil Fuels &
Manufactured Gases (1/3)

e Solid fuels and manufactured gases cover various types of coals
and products derived from coals.

* Primary coal is a fossil fuel, usually with the physical appearance of
a black or brown, consisting of carbonized vegetal matter.

 The higher the C content of a coal, the higher the quality.

* Coal types have different physicochemical characteristics
determining their price and suitability for various uses.

* Derived fuels include both solid fuels and gases produced during
coal processing and by coal transformation.

il

w
Solid Fossil Fuels & P;

Manufactured Gases o0

D
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Solid Fossil Fuels &
Manufactured Gases (2/3)

e Coalis categorized in hard coal (GCV= 23865 kJ/kg), sub-bituminous
coal and brown coal (lignite, GCV= 17435 kJ/kg).

 Hard coal is divided to coking coal (blast furnaces), and other
bituminous coal and anthracite (space heating) and steam coal.

 The secondary products include patent fuels, briquettes, gas and
coke-oven cokes, gas-work gas, etc.

 The share of coal in global primary energy supply has been stable
over the last 30 years at around 25%, a 56% growth compared to
1973.

* Coal consumption has dramatically increased for electricity
production (250%), while the corresponding consumption in the
residential sector decreased by 65%.
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Solid Fossil Fuels &

Manufactured Gases (3/3)

Table 5.1 &« Primary and Derived Coal Products

PRIMARY
COAL

PRODUCTS

Coking coal

Other bituminous coal and anthracite

Sub-bituminous coal

Lignite/brown coal

Paat

DERIVED
FUELS

Pataent fuels

Coke-oven coke

zas coke

Briquettes

SOLID
FOSSIL FUELS

Gas-works gos

Coke-oven gas

Blast-furnace gas

Crygen steel-furnace gas

MANUFACTURED
GASES
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2012 - Coal
Production / Consumption

Production by region

Consumption by region

Asia Pacific
Afnca

B Middle Esst

Europe & Eurasia
B 5 & Cent. America
Morth America

Asia Pacific

Africa
M Middle East

Europe & Euwrasia 3E00
W 5. & Cent. America

Morth America

3000
"‘\.-—-...__h

az

e Global coal

production grew by 2%. The

a

Asia Pacific region accounted for

all of the net increase, offsetting a large decline in the US.
* Coal consumption increased by a below-average 2.5%.
 Asecond consecutive large decline in N. America (-11.3%).
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2012 —
Coal Consumption per capita

Consumption per capita 2012

Tonnes oi equivalent
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2012 — Coal Proved Reserves

Distribution of proved reserves in 1992, 2002 and 2012
Percertags

M Europe & Eurzsia

W Asia Pacific

[ North America

B Middle East & Africa
M 5. & Cent. America

2002
198z Total 964453

Total 281780 i 2012
million tonnes Total 880935

million tonnes

million tonnes
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2012 —

Coal Reserves to Production

_ -—r\—lr- B \\

 World proved reserves of coal are sufficient to meet 109

years of global production, by far the largest R/P ratio for
any fossil fuel.

* Europe and Eurasia holds the largest regional reserves.

G
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Coal Composition

e Carbon > 50%.
* |Impurities:
* Volatile Matter.
e Sulphur.
e Chlorine.
* Phosphorus.
* Nitrogen.
* Trace amounts:
* Dirt.
e Other elements.
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Coal Varieties

Lignite (brown coal)

— Relative youngest, softest

— Least valuable, lowest energy density
Sub-bituminous

— Higher energy density

— Over 40 percent of US production
Bituminous

— Highest energy density

— Half of US production
Anthracite

— Metamorphic, 86-97% carbon

— Less abundant

% MavemoTAuio AuTikng Makedoviag

98



Coal Rank

Fixed Volatile
Ranks of Coal Carbon Matter Moisture
Lignite 29 26 46
Subbituminous 42 34 23
Low-rank/volatile bituminous 47 41 12
Medium-rank/volatile
bituminous 54 41 5
High-rank/volatile bituminous 65 32 3
Low-rank/volatile
semibituminous 75 22 3
Semianthracite 86 12 3
Anthracite 96 1.2 3

G
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Coal Grade

* Describes size, appearance, weight, structure,
cleanliness, heat value and burning
characteristics.

* A: Superior < 8% ash.
* B: Good: 8-12% ash.
e C: Fair: 12-16% ash.

* D: Poor >16% ash.
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Coal Extraction

* Open Pit Mining:

— Most minerals are
extracted this way.

— For near-surface ore
bodies.

— Series of ‘benches’ are
cut.

e Used when coal is close to
the surface.
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Underground Mining

e Used when ore is far below surface.

% MavemoTAuio AuTikng Makedoviag 102



Coal Supply and
Coal Imports & Exports

* Most primary coal production occurs either in underground mines or in
operational (surface) mines.

* Some production can also come from recovery of coal from waste piles,
slurry ponds, etc.

e Coalis a product that is easily transported over long distances either by
boat or train.

e Hard coal trade accounts for about 20% of the world hard coal
consumption.

* For the other coal products, the amounts of imports and exports are
usually extremely limited.

* Primary coal products due to their solid state and relatively inert character
are often held in stock to cover periods of higher demand.

e Stocks are defining the price.
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Coal Flows

Figure 5.1 & Simplified Flow Chart for Coal
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Coal Consumption

In the transformation sector.

m By the energy industry within the energy sector.
® |n the transport and distribution of fuels (although very limited).

® In the various sectors and branches of final consumption (industry, residential,
etc.). This includes both energy and non-energy uses of the fuels.

* Transformation plants to derive energy from solid fossil fuels include
patent fuel plants, coke ovens, gas-works plants, blast furnaces as well as
electricity plants, CHP plants and liquefaction plants for synthetic oil.

* The largest use of primary coal products is for the generation of electricity
and heat (67% hard coal and 92% brown coal).

* The traditional use of gases manufactured at integrated steel mills is to
heat the transformation plants.

* Besides the transformation plants, solid fossil fuels and manufactured
gases can be use to produce energy (consumption of coal to support the
extraction and preparation of coal within the coal-mining industry).

D
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Coal Transport
and Distribution losses

e Solid product is lost through various ways:

1. Coals shipped by rail experience small losses during their movement in open
hopper cars.

2. Accidents and derailments on rail lines.

3. During storage, coals and solid fuels tend to “settle” and a residue of fuel is
left in the soil or in the pads.
4. “Fugitive” dust.

— Manufacturing gases are lost during distribution due to leaks, and
accidental or deliberate venting reaching sometimes the losses
observe in the case of NG that is transported over long distances.

 The losses of coal (0.04%) are much more limited compared to oil,
NG (1%) and electricity (8.7%).

 The losses are minimal for solid fuels and apply mainly to
manufactured gases.
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Coal Final Consumption

* Final energy consumption of coals and coal products outside
the transformation sector is primarily in the industry (e.g.,
cement) sector accounting around 15% of total coal supply.

* In the past a large quantity of coal was used in the transport
sector (e.g. ships, rail locomotives), however nowadays this
consumption has declined to only 0.2%.

e Other sectors including services and residential, where coal is
used for heating purposes account for 0.5% in global coal
demand.

 The use of coal for non-energy purposes is very small (less
than 0.1%).
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Primary World
Energy Consumption (2011)

2011 Energy Consumption by Fuel (BP Data)
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Correlation
Energy & Environment

World Per Capita Energy Consumption and CO2
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Air pollution - Definition

* The presence of one or more chemicals in the
atmosphere in sufficient quantities and duration to
cause harm to humans etc.

 Air pollution results from human activities such as
burning fossil fuels to create electricity and power
automobiles, and manufacture industrial products.

* The air Pollutants are particulates, HC, CO,, CO, NO,
NO,, SO, .
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The Atmosphere

* Gases that envelop the Earth.

Composition of the

Earth’'s Atmosphere
{Gases - Percent by Volume)

Other - 1.4%

Oxygen - 20.6%:

MNitrogen - F8°%6

Cils Figure 7T

Argon {(O.934%)

Water Vapor {(O.45%)
Carbon Dloxide [(O.O035%)
MNMeon {(O.00182%)
Hellum {0. 000525 75)
Methane (0.00015%:)
Kryvptomn [(O. 000 L1L4%)
Hydrogen (0.00005%)

" NoO (O 0003 T04)

Ozone {0.000005%:)
CFCs {0.0000001%)

* Known Greenhouse Gas
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Layers of the atmosphere

The Layers of the Atmosphere

Oz0ne

Stratosphere
Tropopause
F Y

Troposphere
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Sources of Air pollution

Partial reflection and absorption of incoming solar radiation

Aerosol haze » o
AR NS
/
~~ Sulfur
dioxide Organic
carbon y
/4 VSOO( /
H Y
Land-use changes Industrial emissions Biomass burning

* Natural:
— volcanoes, fumaroles and hot springs,
— increase ozone due to thunderstorms, fires.

% MavemoTAuio AuTikng Makedoviag

113



Man made

e Stationary sources - those that are fixed in
location.

e point sources e.g. smoke stacks, 14% air
pollution from plants generating electricity;

e fugitive sources e.g. construction sites,
exposed areas;

e area sources e.g. dense urban community
or agricultural area.

* Mobile sources - those that move while
polluting, e.g. trucks, cars, busses etc. 60%
of air pollution from motor vehicles. 80-
88% in major cities!

D
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The main categories of air pollutants

* Primary: those emitted directly into the air; e.g.
sulfur dioxide (SO,), carbon monoxide (CO), nitric
oxide (NO), nitrogen dioxide (NO,).

e Secondary: those that form as a result of a chemical
reaction of the primary pollutant with a natural
component of the environment.; e.g. some ozone,
sulfuric and nitric acids.
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Environmental Pollution

Environmental Pollution...

Ay

» Stationary sources 17 .
¢

~

Environmental Pollution
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Environmental effects

Pollution Effects in worldwide scale...

» Greenhouse effect

(C0,, CFCs, CH, N,0, 0,)

» Ozone depletion (CFCs)

» Photochemical smog

(N OX: CXH Yy 03’ P M)

> Acidification

(SOy. NOy, H,S)
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Doubling of carbon dioxide

* In 1850, atmospheric carbon dioxide was about 280 ppm. Today, it is about 350

ppm.
* This increase is due largely to burning of fossil fuels and clearing of forests.

e Oceans (and photosynthetic organisms) currently absorb half of the carbon
dioxide emitted.

= lll!lll!lll.lll-llll!l-l!IIII:I-I!I

.......................................

S50

325

S00

AT e gﬂreiﬂéuat-risél--

250 E s

G0, Goneertration (pprmv)

l e
el e s ottty Vo <Y B0 O T s X S
200 R T s ¥ Aitans WSS . §] B SR
175 1 1 i 1 i a 1 1 n ']
180 140 4120 100 80 50 40 0 20 0

Age in Thousands of YWears
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Cycle of carbon dioxide

COs 1 B i
21n N R, €C) ) Fossil Fue
Atmosphere S/ ‘‘Z7  Buming
/ GOE in 4
Diffusion Photosynthesis Biomass
Decomposition \
Respiration Biomass &

CO,in  Aguatic

Oc _ Biomass
cedans Coal & Qil

Calcareous
Sediments
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Concentration of carbon dioxide

Change in Concentration
of Carbon Dioxide
Since The Industrial Revolution

iIss5d¢ 1857 1850 19104 1930 1950 19370 19940

F —
—
=3
[ |
=S
k=
—
-=
=
L —
]
=
 ——]
L—
-

W ear

Sowrce - fAdapted fromm Sciewmtiific Armericam, Jmiiy L0y
Cide FRgure-223F
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Impact of increasing CO2 levels

Increased photosynthesis and
productivity by the earth’s vegetation.

Increased plant production also means
increased respiration.

Elevated atmospheric CO, is global
warming.

Elevated CO, means an increase in
global temperature - the greenhouse
effect.

Global temperatures may increase by 3-
4°C by the end of the next century .

Vuntods Ive Core Dana + Nethoual Gospduomical Dt Cavier |

mz 3 f"‘f \
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Greenhouse effect

Earth's Greenhouse Effect

Greenhouse gases let the sun’s short wave
radiation (visible light) reach the earth, but trap some of the
long wave (infrared or heat) radiation coming from the warm earth.

Incoming
solar
radiation
(short wave)

Reflected by the
earth and its Infrared radiation
atmosphere (heat) emitted from
earth's surface
(long wave)

Atmosphere
_rb__pn Store

A ODC
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Greenhouse gases (GHGs)

e Some greenhouse gases occur naturally in the atmosphere, while
others result from human activities.

* Naturally occuring greenhouse gases include water vapor, carbon
dioxide, methane, nitrous oxide, ozone.

e Carbon dioxide is a product of burning fossil fuels.

* Nitrous oxide, produced by fertilizer use and released from
decomposition of animal wastes.

« Methane is produced by bacteria from sediments.

e Chlorofluorocarbons (CFCs), Freon (a refrigerant) deplete the ozone
layer in the upper atmosphere.

* Water vapor in clouds reradiate heat back to Earth.
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Greenhouse gases

Carbon DicXide Methane

L
=
=
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=
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Impact of Global warming

Air Temperature River discharge

« River discharge has changed over the last decades across Europe

increase
+50%
+25%

* Global temperature: + 0.7 +0.2 *C over past 100 years
« Europe: mean annual +0.95 *C
e Summer +0.7°C ; Winter +1.1°C

3DURd) i5ed

o = b 41 0%
i } L rere cmall changes
g £ -10%
s ¢ -25%
g g v -50%
i § ' European annual decreass
£ zeazonal mean
e e T R R e R N R v temperature devia . - = = .
B 55 F EE:EREZ% 88 38 ¢ B 1850.2002 * Projected changes in precipitation and temperature will mean further
changes in river discharge z
* Global projection (1990-2100): + 1.4-5.8 °C « Strong decline in southern and south-eastern Europe H
« Europe: + 2.0-6.3°C « Increase in almost all parts of northern and north-eastern Europe 3
Precipitation
* Heterogeneous trends (1900-2000): 3 :
- northern Europe 10-40 % wetter =|
- southern Europe up to 20 % drier 3|
Precipitation trend :
(1900-2000):
. 20
40
® %
® o |
o
o 3%
o}
Qs
gl
z|
2|
* Projection: - 1-2% Increase per decade for northern Europe g
- up to 1 % per decade decrease In southern Europe ‘g
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Ozone Layers

Ozone (O,) is a key constituent
of the troposphere.

Ozone is considered a
pollutant at ground level.

Breathing O, affects both the
respiratory and nervous
systems.

Ozone is damaging to plants.

The stratosphere contains the
ozone shield, a layer of ozone
(O;) in the stratosphere, 50 km
above the ground.

Altitude (kilometars)

Ozong

Ozone Layer

20Ne

; O R + |\ Tropospheric
(403 (=F- 1~ - 1= —_d POzone

from pollution 57

_r; b

, Stratospheric

Qzone concentration -

Allitude (miles)

G
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Photochemical Smog (1/3)
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Photochemical Smog (2/3)

 Smog is a kind of air pollution, originally named for the mixture of
smoke and fog in the air.

e HC and NO react in presence of sunlight to produce ozone and
PAN (peroxy acetyl nitrate).

* Nitrogen oxides + hydrocarbons + Ultraviolet radiation ----- >
Peroxyacetyl nitrate PAN + O, ozone.

Species Polluted Area Unpolluted Air
(pg/m®) (pg/m®)
co 10.000-30.000 <200
NO 100-400 <20 (St Lows, Missoun, 1962, Hydrocarbons data not shown)
HC (excluding CHy4) 600-3.000 <300 035
03 50-150 <5 (3
PANs 50-250 <3 0.3 1
025 1

Most values are estimates based on data in 47 Quailty in Ontario 1991,
Environment Ontario, Queen’s Printer for Ontanio; 1992

Concentration (ppm)

G
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Photochemical Smog (3/3)

PHOTOCHEMICAL SMOG
STAGE | - STAGE I
Accumulation : Oxidant
of Pollutants I Formation
I

Inversion

LSS ST e
Emissions: (o> nor| 15efmem

Breeze NO }

CcO wgﬁ-rvi
—>

Iy H:O

Sy . . .
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Stratospheric ozone layer

 Formed by a natural process.

* Produced by O, interacting
with lightning and UV

radiation.
* Absorbs most of the shorter
wayelgngths - QV radla?tl.on 0,+hv> 0+0 A< 242 nm
which is damaging to living 0O+0,+M > 0, +M
things causing cancer, O,+hv=> O, + O A< 290 nm

sunburn, etc.
— allows life to live on earth,

— ozone depletion - a reduction
of the layer.

D
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The largest Antarctic ozone
hole ever recorded (September 2006)

e The Antarctic ozone
hole is an area of the
Antarctic stratosphere
in which the recent
ozone levels have
dropped to as low as
33% of their pre-1975
values.
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The Ozone Depletion

Present Future

#1
CCl, + hv > CCLF + Cl

Cl+ 0, = ClO + 0,
CIO+0->Cl+0,
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Acid Precipitation

Gasepus Particulate
Pallutants in Pollutants in
Afmosphere Atmosphere
— —
=] =
SOURCES 2 Pollutanis in %
kR I:Ic-uadn'lg.’ﬂte-f 2
VOC NO, 5 Precipitation &
e Wet
asition
o NO, Hg p
VOL 50, |I
i = e ecerTOR
Anthropogenic ¢ ORS

G
% MavemoTAuio AuTikng Makedoviag



Acid Rain

* Nitric oxide & sulfur dioxide released primarily from
electric power plants & motor vehicles.

* SO, + water vapor + ozone ---> H,SO, .
* NO + hv + 0O, ---> NO, + atmospheric gases ---> HNO,.

B¢ Navemotnpio Autikijg Makedoviag




Environmental
Impact of Acid deposition

e Sterilization of lakes and forests.
 Reducing agricultural yields.

e Causing extensive structural damage by corroding
marble, metal, and stonework.

 Degrading water supplies.
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Why we have to move to RES?

.4

(greenhouse effect, ozone depletion, acidification,
photochemical smog)

20% reduction of GHG emissions

20% energy savings
20% increase of RES portion in the enero

136
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Reasons for Renewable Energy

* Declining Fossil Fuel Supplies.
* Environmental Concerns:
— Global warming, Ozone Depletion, etc.
e Political Concerns (EU target 20-20-20).
* Increasing Cost of Fossil Fuels.
* Business Opportunities.
* Other Reasons.
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Declining Fossil Fuel Supplies (1/2)

- 30
. = conventional + non-
75 o’ 4, conventional liquids
e conventional oil - 95
= natural gas 4
o = noN-conventional oil ]
o) >
S gas liquids - 20 S
Q.
2 50 A
o ©
E e
= &
<
0 Ne)
5 S
= " '3 - 10
25 c N
. . -

Oa.sé"// - / O ~.0
1925 1950 1975 2000 2025 2050 2075 2100 2125

Boyle, Renewable Energy, Oxford University Press (2004)
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Declining Fossil Fuel Supplies (2/2)

Fossil Fuels are Getting Dirtier and Harder to Extract

Carbon released
to make a gallon
of gasoline
(inchudes extraction,
refining and

Conventional Fossil Fuels

12000
O Natural Gas (Laherrére, 2007) cmocgn&pare to
burning one
B Coal (Energy Watch Group, 2007) gallon of gasoline
1 B 0l (TheOilDrum.com, 2006)

8000

6000

MToela

4000

2000

1900 1920 1940 1960 1980 2000 2020 2040 2080 2080 2100
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Global Fossil Carbon Emissions

- . 7000
Global Fossil Carbon Emissions
S A 6000
— Total
. —— Petroleum N 5000
— (oal
~ —— Natural Gas

-------------------------------------- 4000

—— Cement Production

3000

2000

11000

Million Metric Tons of Carbon / Year

1800 1850 1900 1950 2000

Wikipedia.org, Climate Change, Global Warming articles.
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http://www.wikipedia.org/

Kyoto Protocol Sighatories
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Political Concerns

Radio Television News ..More Subjects Search the ABC

&b Print <=1 Email

Home [[REUUFE Sport | Radio | TV | Weather | Languages
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on oil sales if its nuclear
2 e w ¢ Thag

@® UK version @ International version Aboutthe versions | Low araphic

News Front Page

% # P World > Terrorism & Security —

a (S E o e posted April 20, 2005, updated 12:30 p.m. d tgo the
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africa | 7 : c ‘
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Markets H JRRERR CUROPE s US Secretary of State Condoleezza Rice may be in Moscow, but she
e —— Market Data has Caracas on her mind.
Most active s
RIS E-Commerce
Economy  plso see: Ms. Rice, who arrived in Russia Tuesday for talks with that country's
Health  raqin Transition leaders is "concered" about some arms sales in Latin America,
Terrorism & Security specifically Venezuela, reports Bloomberg News.
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Crude oil prices since 1861
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Business Opportunities

VENTURE NETWORK LLC

. CIeanteCh Contact Us  Join Our Mailing List

AN ‘\'.-

. Abceleratmg the Next

*Wave of Innovation

A

"\

Who We Are Events Company Services Investor Services Resources & Information
Premier Sponsors:
Welcome to the Cleantech Yenture Network
@ GLOBAL ENVIRONMENT FUND
e ; The Cleantech Yenture Network™ LLC is a membership
s organization bringing insight, opportunities and relationships to
“ l investors, entrepreneurs and service providers interested in clean
HellerE hrmanue technology. We do this through related information products,
advisory and online services, and the Cleantech Venture Forum™
SAIL series of events.
VENTURE PARTNERS
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Renewables and Wastes

* Renewable energy is energy that is derived from natural processes that
are replenished constantly.

 There are various forms of renewable energy generated from solar, wind,
biomass, geothermal, hydropower and ocean resources, solid biomass,
biogas and liquid biofuels.

* Waste is a fuel consisting of many materials coming from combustible
industrial, institutional, hospital and household wastes.

* Wastes are either solid or liquid in form, renewable or non-renewable,
biodegradable or non-biodegradable.

e Solid biomass is by far the largest renewable energy source representing
more than 10% of world total primary energy supply, or % of global
renewables supply.

* Since 1990, RES in the world have grown at an average annual rate of
1.7%. Growth has been especially for “new” renewables (wind and solar),

-~

which grew at an annually rate of 19%. Renewables-i(\[«vi

& Waste
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Renewables
and Wastes Classification

Figure 6.1 « Renewables and Waste Classification into Three Groups

Renewables and Waste

Electricity -only Renewable Sources Renewable Sources
Renﬁ abr!le 5"":' LIPCES without Stock Changes with Stock Changes
and Technologies (Group 1) {Group N0}
(Croup 1)
- Hydro Ceothermal — rr;g:;.:;?l
— Wind Solar Thermal Municipal
—  Solid
| Tide, wave, Wastes
Ccean
Solid
| Solar Biomass
Photovoltaic
— Biogas
| | Liguid
Biofuels
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2012 — Nuclear
& Hydroelectricity Consumption

Hydroelectricity consumption by region

Feest of Wi Asia Pacifi
Asia Pacific Adrica
Europe & E H Middle East
Morth Amer Europe & Eurasi BOO
W 5. & Cant. Amai
Morth America
M0
80O
— - ~ e
_/./__._—u—’
400

 World nuclear power generation declined by 6.9%.
* Global hydroelectric output grew by an above average 4.3%.

G
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2012 — Renewable Consumption

Asiz Pacific
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 RES grew by an above average 15.2%. Europe and Eurasia
delivered the largest growth increment.

 RES accounted for a record 4.7% of global power generation,
with an 8.2% share in Europe Eurasia.

G
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Renewables and Wastes flows

Figure 6.2 & Simplified Flow Chart for Renewables and Waste

Exports Stock Build
A A %ﬁ
Renewables Gross i
;:Sdh“;?;ﬁ A A > Consumption h
Impaorts Stock Draw
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Renewables and Wastes Supply (1/3)

Figure 6.4 o Simplified Flow Chart for Group | Renewables and Waste

Wind

Tide, Wave,
Choean

F

Solar
Photovoltaic

Production

Hydro

Cross

Consumption
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Renewables and Wastes Supply (2/3)

Figure 6.5 & Simplified Flow Chart for Group [l Renewables and Waste

EXports $

A 2]
CGeothermal :
, : Gross
} Production A = Consumption
]
]
]

Solar Thermal

el

G

Imports
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Renewables and Wastes Supply (3/3)

Figure 6.6 » Simplified Flow Chart for Group Il Renewables and Wasfe

Industrial
Wastes

Municipal
Solid Wastes

E t [
Waood, Wood HpoTis Stock Build
Wastes/

Other Solid | | A A

Wastes :$:m

- Gross
A A Consurmnption

Landfill Gas [ E{E h
|

Sewage
Sludge Gas | | Imports Stock Draw

Charcoal Production

Y

Transfers

Other Biogas —

Liguid
Biofuels
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2012 — Biofuels Production

Rest of World

Europe & Eurasia
M 5. & Cent. America

North America

[

 World biofuels production declined by 0.4% in 2012, the first decline since
2000.

* Global ethanol output declined by 1.7%, the 2" straight annual decline.

* Biodiesel production grew by 2.7% and has doubles in the last 5 years and
now makes up 31% of total biofuel supply.
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Renewables &
Wastes Imports and Exports

 The trade of renewable and wastes are still very limited.

 Group 1 RES is based entirely on electricity and heat
generation.

e Supply of Group Il RES products involves extraction and
further use of heat derived from the earth’s crust or the
sun.

* The only real possibility for trade can only come from the
Group lll products.

 Wood fuel and agricultural residues can cross the
borders. However their low calorific value limits their
exchange.
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Renewables & Wastes Stocks

* The same as in the case of Imports and Exports.
* Only Group 3 RES can be potentially stored.

e Stocks of fuelwood and agro-residues are not stable
over time because of several phenomena, such as
production of methane and consequently are often
seasonal and depend on the culture.

e Since the quantities of stocks are very limited and
locations very remote, it is extremely difficult to
calculate the stocks.
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Renewables and
Wastes Consumption

Figure 6.7 e Renewables and Waoste Consumpfion by Sector

Gross Consumption
Group [

Gross Consumption
Groups 11 and I

ﬁ'

Power and Heat

Ceneration and
Transformation

Energy Sector

F
A

Distribution
Losses Transport
Total Final
Consumption Industry
Residential,
Commercial
and Other
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Renewables &
Wastes Energy Consumption

* The largest part (>80%) of the final consumption

occurs mainly in the residential and services sectors.
Over 90% occurs in non-OECD countries.

e Less than 1% of RES and wastes are used in
transport.

B%% Navemotpio AuTikiig MakeSoviag



Telog Evotntog
OO0 [l B 20

EvpwnaixEvwon EIAIKH YNHPEIIA AIAXEIPILHE
Evpumaing Kenunns Tapeio

Mz ovyypnpatoddmmon e EAGSac kai the Evpunaikng Evweong

% MavemoTAuio AuTikng Makedoviag 158



