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Abstract

Although global warming is scientifically accepted, its cause is still disputed.
Actually, it is mostly explained as a result of CO2 emissions into the atmosphere.
Nordell (2003) gives a most natural explanation based on a simple principle: "if
you release heat into a room it gets warmer", which is also true for a large
global room like the Earth. Thus, global warming would be a result of heat
emissions from the global consumption of non-renewable energy. Global warming
means that heat has been accumulating in air, ground, and water since 1880. A
comparison of accumulated and emitted heat shows that heat emissions explains
60% of the global warming. Moreover, the amount of emitted heat is
underestimated, since the non-commercial use of fossil fuel is not included, e.g.
gas flaring, underground coal fires, oil used in production of plastics, heat loss in
nuclear plants and also biofuel (wood) consumed at a greater rate than the growth.
In performed calculations it was estimated that gas flaring contributed to 1.2 % of
global warming since 1880, coal fires – 0.1%, deforestation – 10.8 %, heat loss in
nuclear power plants – 1.5 %, oil used for plastic making – 0.5 %. The missing net
heat to explain the total heat accumulation is then 26 %. This must have other
causes e.g. the enhanced greenhouse effect.
Bien que le réchauffement climatique soit scientifiquement accepté, ses causes
sont encore discutées. Il est principalement décrit comme une conséquence directe
du rejet de CO2 dans l’atmosphère. Nordell (2003) propose une explication plus
« naturelle » basée sur un simple principe : « lorsque l’on dissipe de la chaleur
dans un espace fermé, ce dernier se réchauffe », ce qui est aussi vrai pour un
espace à l’échelle de la planète. Ainsi, le réchauffement climatique serait une
conséquence des émissions de chaleur provenant de la combustion des énergies
que l’on peut considérer comme non-renouvelable. Le terme réchauffement
climatiques signifie que de la chaleur a été accumulé dans l’air, l’eau et le sol, et
ce depuis 1880. La comparaison de la chaleur accumulée et de la chaleur émise
montre que les émissions de chaleur sont responsables à 60% du réchauffement de
la planète. Cependant cette valeur de chaleur émise est sous-estimée, dans la
mesure où il n’a pas été pris en compte l’utilisation des énergies fossiles à des fins
non commerciales, comme par exemple le torchage des gaz, les feux de charbon,
l’utilisation de fioul dans la production de plastique, les pertes de chaleur dans les
centrales nucléaires, ou encore la biomasse qui est consumée à un taux supérieur à
son renouvellement. Il a été estimé que le torchage des gaz a contribué à 1.18 %
du réchauffement climatique, les feux de charbon – 0.11 %, la déforestation –
10.8 %, les pertes de chaleur dans les centrales nucléaires – 1.5 %, l’utilisation de
fioul dans la production de plastique – 0.5 %. Considérant toutes ces sources de
chaleur, on peut conclure qu’il manque encore 26 % pour obtenir un bilan
thermique nul. Ces 26 % pourrait être la conséquence des gaz à effet de serre.
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Introduction
Global mean temperatures have been compiled by NCDC1 from long-term air temperature
measurements. These temperatures are separated into one Sea Surface Temperature (SST) and
one Land Area Temperature (LAT). The global mean temperature is the area weighted mean
of LAT and SST. In 1800, SST was 15.9°C and LAT was 8.6°C, with a global mean
temperature of 13.6°C. Until 1999, SST had increased 0.5°C and the LAT 1.2°C. The
corresponding global mean temperature increase was 0.7°C, which is a scientifically accepted
measure of global warming.
Although global warming is scientifically accepted, its cause is still disputed. Actually, it is
mostly explained as a result of CO2 emissions into the atmosphere. Nordell (2003) gives a
most natural explanation based on a simple principle: "if you release heat into a room it
gets warmer", which is also true for a large global room like the Earth. Thus, global warming
would be a result of heat emissions from the global consumption of non-renewable energy
since 1880. The total non-renewable energy consumption has been dissipated into heat of
which a small part has been emitted to space. The remaining heat can be shown as global
warming.
Global warming means that heat has been accumulating in air, ground, and water since 1880.
Consequently, the energy required to cause occurring warming of air, ground and water must
match the energy released by non-renewable energy consumption. That was the previous
work of Bo Nordell. Calculations of stored energy in air, ground and water (75.8 1014 kWh)
seem to agree very well with net heat generation during the last 120 years (45.3 1014 kWh),
since the net heat generation covers 60% of the heat stored in air, ground, and water.
However, the amount of net heat generation is underestimated, since the non-commercial use
of fossil fuel is not included, e.g. gas flaring, underground coal fires, oil used in production of
plastics, loss heat in nuclear plants and also biofuel (wood) consumed at a greater rate than the
growth. Here, the task was to estimate the heating caused by these non-commercial energy
sources.

1

NCDC and NOAA. Global Surface Temperature Anomalies.
http://www.ncdc.noaa.gov/oa/climate/research/anomalies/anomalies.html (2007)
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1. The Master Thesis Location
1.1. The University of Luleå
The capital of Norrbotten, Luleå was granted its charter in 1621,
but was later moved to its present location in 1649 because of the
falling seal level (9mm per year), which is due to postglacial
uplift of the land.

Luleå

Luleå is a very pretty town to approach by road. It has a
pedestrian thoroughfare throughout the city that is pleasant to
stroll along, under the snow.
An extensive offshore archipelago contains some 1700 large and
small islands, many decorated with classic red and white
Swedish summer cottages.
Luleå University of Technology is the northernmost university of
technology in Scandinavia and boasts top-class research and education.
1.2. Department of Civil, Mining and Environmental Engineering
The Department was established on January 1st, 2004, by merging the former Department of
Civil and Mining Engineering with the Department of Environmental Engineering. The
Department has its roots back to 1972.
The Department has a staff of about 180 persons working with education and research. About
half of them are employed graduates students working for their doctoral degrees.
1.3. Renewable Energy Research Group
Bo Nordell is heading LTU's research group on
Renewable Energy. The research group Renewable
Energy has its history in the field of Water Resources
Engineering. Research and education have therefore
been directed towards both renewable energy and
water, in particular groundwater, evaporation,
condensation, hydraulics, climate, energy and heat
transfer.
Present research involves the following fields:
Seasonal snow storage for space cooling during the summer - Coriolis force and its influence
on groundwater flows - Groundwater flow in fractures and its influence on borehole systems Freezing problems in boreholes for heat extraction - Condensation irrigation - one system for
desalination and irrigation - Ground heating and cooling in North Africa - Global warming a CO2 free explanation.
-8-
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2. Global Warming
Bo Nordell published a controversial explanation to global warming in 2003 [1]. Since it has
not been possible to get external funding for this idea most of the work was carried out during
a long time as a "hobby research" with the assistance of helpful and interested students.
2.1. Explanation to global warming
2.1.1. Study of the problem since 1880
The global mean temperature can be separated into land area temperature (LAT), sea surface
temperature (SST), and a combined global mean temperature (MEAN). MEAN is calculated
by area weights corresponding to the global sea area (71%) and land area (29%). In 1880, SST
was 15.9°C and LAT was 8.6°C, with a global mean temperature of 13.6°C. Until 1999, SST had
increased 0.5°C and the LAT 1.2°C. The corresponding global mean temperature increase was
0.7°C.
2.1.2. Global Warming
Before global warming, Earth’s mean temperature was 13.6°C, at which temperature it was in
thermal equilibrium. During a global mean day, incoming short-wave radiation (SWR) was
heating the ground surface. Later that day, it was cooled off as the same amount of energy
was reemitted to space as outgoing long-wave radiation (OLR). The ground surface was then
back at its mean temperature at which the OLR was limited only by the geothermal heat flow
rate (about 0.07 Wm-2) from the interior of the earth [1], due to the difference of temperature
between the centre and the surface.
Before global warming, the geothermal heat flow was the only net heat source on earth. Since
then, heat dissipation from the global use of non-renewable energy has resulted in an
additional net heat source. Genchi et al. (2000) showed that heat dissipation from traffic, air
conditioning, and other human activities, during a warm day in Tokyo, adds up to a heat
production of 140 Wm-2 in Tokyo with a resulting air temperature increase of about 3°C [1].
The increasing utilisation of non-renewable energy sources, mainly fossil fuels and nuclear
power, has thus resulted in additional net heating on earth. The utilization of renewable
energy, i.e. solar energy in some form, also results in heat dissipation but does not cause any
additional heat, insofar as it is used like renewable energy (e.g. biomass).
The global annual use of fossil energy including nuclear power (EIA – Appendix 1) is about
11000 million metric ton oil equivalent (Mtoe). All of this energy will be dissipated into heat,
and will not be absorbed again before few millions of years; it means that it is not a renewable
energy, and thus it contributes to warm up the planet. The heat of not fully combusted fuel
will also be released, when this organic substance is decomposed.
Consequently, the net OLR has also increased by 0.006 Wm-2 since 1880 (from 0.068 Wm-2
to 0.074 Wm-2 in1999) [1]. The net OLR is still not as high as generated net heat. In the long
term, our use of non-renewable energy will cause a global temperature increase up to a point
where the net OLR balances the net heat generation.
-9-
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The global net heat generation can be compared the heat released by two light bulbs in a table
globe. The geothermal heat generation (like in 1880) would correspond to one bulb that has
been lit for a long time. In this case, the earth’s surface temperature is in a thermal
equilibrium. However, the non-natural heat generation added to the geothermal heat
generation would correspond to switching a second bulb (see Figure 2.1 and 2.2). By this
way, if the earth is compared with a table globe, it is easy to understand that our use of nonrenewable energy will cause a global temperature increase up, until the earth reaches again its
thermal equilibrium. Thus, a large amount of heat is accumulated into earth, all the more since
the atmosphere cannot vacuum heat as fast as it is produced; that is why the ices melt, the
oceans rise and so on. It is necessary to say that the air temperature increase is not as high as
it should be since nature counteracts this increasing by warming up itself.

Before 1880, global heat generation
from geothermal flow (Fig. 2.1).

Since 1880, the global heat is generated
by geothermal flow and non-renewable
energy use (Fig. 2.2).

2.2. Nature counteracts global warming
At present, the earth’s temperature is not in thermal equilibrium, since the net OLR is still not
as high as generated net heat. Water and ground absorb a part of this heat (94 % - Table 2.4)
slowing down the air temperature increase.
Before global warming the ground temperature was at steady state below a depth of 10-15m,
from where the temperature increased with increasing depth. It is seen the ground temperature
changes with time. The heat content of the ground increased by 23.4 kWh m-2, between 1880
and 1999. Approximately 95% of this heat is stored above a depth of 120 m. This heat
accumulation neither occurs in permafrost areas, nor on glacier ice or icings. The resulting
total ground heat accumulation then becomes 23.9 1014 kWh [1].
The heat accumulation in air was estimated separately for over the sea surface and land
surface. Hence, the different mean air temperatures over sea and land were considered. The
total heat accumulation in air since 1880 is 5.0 1014 kWh, of which 44.6% is distributed over
the land area [1].
The water of the oceans reduces the global warming by getting warmer. Heat accumulation in
ocean water is difficult to determine and is often estimated from the global sea level rise
(GSLR). The heat was stocked in water through the ocean thermal expansion (21.6 1014
kWh), the melting of glaciers and permafrost (16.8 1014 kWh), and the melting of ice (8.5 1014
kWh) [1].
For 120 years, the ocean water has accumulated 46.9 1014 kWh. The total heat accumulation
in the air, ground and water during the same period is 75.8 1014 kWh (Table 2.4).
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2.3. Global Net Heat Generation
Earth can be considered like a warm little planet in space to which it emits its net heat. Some
of this heat is natural, whereas other is non-natural. The major natural net heat source is the
geothermal heat flow but heat is also generated by, e.g. volcanic eruptions, earthquakes, and
meteorites. Non-natural heat sources include the global use of fossil fuel, and nuclear power.
Heat emissions from nuclear bomb tests and conventional bombs also add to the net heat
generation.
The total geothermal heat flow during the last 120 years is 486 1014 kWh (175 1018 kJ). This
energy is considerably greater than the global energy consumption during the same period,
and is given as a reference value to other net heat sources, though it does not result in
additional heating of the planet.
The world’s consumption of commercial non-renewable energy from 1880 to 2000 is shown
in Graph 2.3 (compiled from EIA’s database – Appendix 1). The accumulated energy
between 1880 and 2000 is 38.5 1014 kWh (13.8 1018 kJ). All this energy dissipated into heat
when consumed, must contribute to the heating of our planet. A useful key value is that the
global annual energy consumption in 2000 was approximately 1014 kWh.

Graph. 2.3, Annual world energy consumption of non-renewable commercial energy.

The energy released through volcanic eruptions was evaluated at 3.95 1014 kWh (1.42 1018
kJ) since 1880, through earthquakes - 2.7 1014 kWh (0.97 1018 kJ), through meteorites –
ignored, nuclear tests - 6.64 1012 kWh (23.9 1015 kJ), conventional bombs - 1013 kWh [1].
The total net heat generation is 45.3 1014 kWh (15.0 1018 kJ), of which most (~85%) is a
result of the global energy consumption while almost 10% was released by volcanic
eruptions. Also, earthquake energy results in considerable amounts of heat. Missing net heat
sources in Table 2.4 include all non- renewable energy consumed outside the energy market.
2.4. Comparison between global heat accumulation and net heat generation
The global net heat generation between 1880 and 2000 was found to be 45.3 1014 kWh,
mainly resulting from of the global consumption of non-renewable energy. The total heat
accumulation in air, ground, and water during the same period was estimated to
75.8 1014 kWh. That means that the global net heat generation explains 60% of the global
warming, while 40% of the heat is missing (Table 2.4). A considerable amount of this missing
heat is hidden in the underestimation of global net heat generation.
- 11 -

Global Warming is mainly a result of Heat Emissions
Table 2.4. Global heat accumulation and net heat generation, 1880 - 2000
1014 kWh
1018 kJ

Ratio %

Global Heat Accumulation
•

Air

5.0

1.8

6.6

•

Ground

23.9

8.6

31.5

•

Ocean heating including melting of land ice

46.9

16.9

61.9

TOTAL HEAT ACCUMULATION

75.8

27.3

100.0

Global Net Heat Generation
•

Estimated net heat generation

45.3

16.3

60

•

Missing net heat generation

30.5

11.0

40

75.8

27.3

100.0

TOTAL NET HEAT GENERATION

2.5. Missing Net Heat Generation
The greatest source of error is that the net heat dissipation from fossil fuel only includes
commercial energy consumption; that means oil, gas and coal used outside the energy market
are not included in global energy statistics. Examples of such non-commercial energy are, for
example flared and vented gas in oil fields, underground coal fires, peat fires, and petroleum
products that is not used in energy production e.g. in the production of plastics. The amount
of heat released from such sources is not available. Another source of heat dissipation is the
deforestation, since the growth rate is lower than the deforested rate.
2.6. The goal of my work
By comparing accumulated (75.8 1014 kWh) and emitted heat (45.3 1014 kWh) since the start
of global warming, Pr. Bo Nordell concluded that net heat emissions from non-renewable
energy are the main cause of global warming. However, this emitted heat explains only 60%
of the global warming. The estimated global heat emission is too low, since the noncommercial use of fossil fuel, e.g. gas flares, underground coal fires, deforestation, peat fires,
and oil for non-energy use, and deforestation were not included.
My task was then to evaluate the amount of heat emitted between 1880 and 2000 by gas
flaring, coal fires, deforestation, oil used for production of plastics, and also the loss of heat in
nuclear power plants.

- 12 -
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3. Net Heat Generation from Gas Flaring
3.1. Definition
The flared gas is the gas burnt off as unusable waste gas or flammable gas, which is released
by pressure relief valves during unplanned over-pressuring of plant equipment. It burns
through a gas flare (an elevated vertical chimney, see picture 3.1) on oil wells, in refineries, or
in chemical plants.

Pict. 3.1, a gas flare at an oil refinery.

In oil production wells, refineries and chemical plants the primary purpose of gas flaring is to
act as a safety device to protect vessels or pipes from over-pressuring due to unplanned
upsets. Whenever the plant equipment items are over-pressured, pressure relief valves
automatically releases gas (and sometimes also liquids). The released gases and/or liquids are
burnt as they exit the flare chimney. The size and brightness of the resulting flame depend
upon the amount of released flammable material. Steam can be injected into the flame to
reduce the formation of black smoke. In order to keep the flare system functional, a small
amount of gas is continuously burnt, like a pilot light, so that the system is always ready for
its primary purpose as an over-pressure safety system [2].
3.2. Gas Flaring Emissions
Flaring is a high-temperature oxidation process used to burn combustible components, mostly
hydrocarbons, of waste gases from industrial operations. Natural gas, propane, ethylene,
propylene, butadiene and butane constitute > 95% of the waste gases flared. In combustion,
gaseous hydrocarbons react with atmospheric oxygen to form carbon dioxide (CO2) and
water. In some waste gases, carbon monoxide (CO) is the major combustible component.
During a combustion reaction, several intermediate products are formed, and eventually, most
of them are converted to CO2 and water. Some quantities of stable intermediate products such
as carbon monoxide, hydrogen, and hydrocarbons will escape as emissions (See Picture 3.2).
Gases flared in refineries, petroleum production, chemical industries, and to some extent from
coke ovens, are composed largely of low molecular weight hydrocarbons with high heating
value [3].
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Pict. 3.2, Gas flaring in Kuwait (Photo: Pembina Institute).

The method for estimating emissions from natural gas flaring is based on the volume of
vented and flared gas reported to EIA (assuming that all gas is flared). To calculate carbon
emissions, the figures are aggregated, converted into Btu, and then multiplied by an emissions
coefficient of 14.92 million metric tons of carbon per quadrillion Btu [4].
It is widely acknowledged that flaring, and venting of gas contribute significantly to
greenhouse gas (GHG) emissions, with negative impacts on the environment. Today, its
contribution to greenhouse gases has declined by three-quarters in absolute terms, after its
peak in the 1970s.
The World Bank estimates that the annual amount of natural flared or vented (un-burnt) gas is
equivalent to the combined annual gas consumption of Germany and France, twice the annual
gas consumption of Africa, three quarters of Russian gas export, or enough to supply the
entire world with gas for 20 days. This flaring is geographically concentrated: 10 countries
account for 75% of emissions, and twenty for 90%. The largest flaring operations occur in the
Niger Delta region of Nigeria (See Picture 3.3).

Pict. 3.3, Gas flare in the Niger Delta.
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3.3. Top 20 flaring countries
Table 3.4, Top 20 flaring countries.
2004
Rank
1
2

3

Country

Nigeria
Russia (total
Khanty
Mansiysk
(KM)
Russia
(excluding
KM)
Iran

Reported
Flaring
2004*

2004
Rank

24.1
14.7
6.4

10
11
12

Indonesia
USA
Kazkhstan

8.3

13

Libya

2.5

13.3

14

Azerbaija
n
Mexico
UK
Brazil
Gabon
Cameroon
Canada

2.5

4
5
6
7
8
9

Country

Reported
Flaring 2004*
3.5**
2.8
2.7

Iraq
8.6
15
1.6
Angola
6.8
16
1.6
Qatar
4.5
17
1.5**
Algeria
4.3
18
1.4
Venezuela
3.7**
19
1.1
Equatorial
3.6
20
1.0
Guinea
Total Top 20
107.5
*Source: GGFR (Appendix 2)
**These figures, expressed in billion cubic meters (bcm) may include some venting as well, due to unavailability
of segregated data.

When crude oil is extracted from the earth, natural gas associated with the oil is produced to
the surface as well. In areas of the world lacking infrastructure and markets, this associated
gas is usually flared or sometimes vented.
According to the figure 3.5: Africa 30%, The Americas 10%, Middle East 25%, Russian
Federation and Central Asia 20%, Asia 7.5%, Europe 3% of the world gas flaring.

Fig. 3.5, Satellite picture of the world showing gas flares (shown as red dots) for the year 1994,
GGFR, World Bank Group, 2001.
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3.4. Crude Oil Production, 1880-2000
The aim is to evaluate the flared gas from 1880 (start of global warming) to 2000. Based on
available data, the amount of gas flaring is evaluated from the CO2 emission that it generates.
It will be also interpolated from the World Crude Oil Production. It is similar to study the gas
flaring from emission or production of crude oil (See Graph 3.6).

Graph 3.6, Annual CO2 Emission and Production of Crude Oil (1880-2003).

The main source for the Crude oil Production is EIA (Energy Information Administration,
Appendix 1). Unfortunately, this administration does not have any data before 1980. The data
between 1880 and 1980 comes from another source [5] that seems reliable according to the
graph 3.7.

Graph 3.7, Annual World Crude Oil Production between 1960 and 1984, from two different sources.
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3.5. CO2 Emissions of Gas Flaring
The difficulty to evaluate the gas flaring emission is to find out the most reliable database and
to understand why these databases show different data.
The first database is from EIA (Energy Information Administration, Appendix 1). The gas
flaring emission is obtained by comparing the World Carbon Dioxide Emissions from the
Consumption and Flaring of Natural Gas, and the World Carbon Dioxide Emissions from the
Consumption of Natural Gas.
The second database is from CDIAC (Carbon Dioxide Information Analysis Centre, Appendix
3). Here, the gas flaring emission is given. The CDIAC is really interesting because the
database starts in 1950, whereas the EIA’s database starts in 1980. Moreover, all flared gas
emissions since 1950 are recorded, from the production of cement, crude oil, coal and natural
gas. However, there are some uncertainties to consider, as developed in section 3.7.
It is not possible to get data before 1950 from which year the recording of CO2 emissions
started (D. Kaiser, CDIAC).

Graph 3.8, Annual CO2 Emission from Gas flaring from two different sources (1950-2003).

Figure 3.8 shows a difference between the two curves, from 1986. On the other hand, the
curves are quite similar between 1980 and 1986, considering some uncertainties.
In fact, the CDIAC’s database contains global annual estimates of CO2 emissions resulting
from gas flaring in only oil fields for 1950-2003 [6], whereas the EIA’s database results from
gas flaring in oil fields and in some gas plants. EIA has no authority to require data from the
plants; the database only contains the data that it was provided to them (EIA, Appendix 1).
Moreover, nowadays, a great part of flared or vented gas is emitted by Liquefaction Natural
Gas (LNG) plants (F.-R. Mouton, World Bank, Appendix 2). The LNG production started in
1969. It is most likely that the difference between the two curves results from LNG
production, among others things. In 2004, 25% of the gas flaring in Algeria came from LNG
plants.
Another important reason that should be taken into account is the Iraq-Kuwait conflict in
1990. Indeed, this war involved that lots of oil was burnt, and lots of gas was flared or vented.
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It is well established that the flared gas decreases since 1980. A concrete example of this win
approach is the experience of Saudi Arabia in the Middle East. There gas flaring emissions
fell from 38 billion cubic meters per year in the early 1980s to about 120 million cubic meters
per year in 2004. The associated gas is used to provide the basis of a successful
petrochemicals industry. As a result, Saudi Arabia is now one of the world’s largest producers
of urea, a widely used agricultural fertilizer, and many other Middle Eastern nations are
following suit.
Even if the flared gas decreases in an oil field, the World’s total gas flaring is constant due to
the world crude oil consumption increase. That is an opinion presented at most of conferences
on gas flaring (Fighting poverty and pollution with energy, Side event on international
initiative on reduced flaring of natural gas, Marrakech 8 November 2001 - Global Forum on
Flaring & Gas Utilization, Paris, December 13th, 2006 - GGFR, Appendix 2).
Finally, according to the different points developed above, the curve considering the
maximum of the both curves are used (Graph 3.9).

Graph 3.9, Annual CO2 Emission from Gas flaring, considering the maximum of Graph 1.8’s curves.

3.6. Results
From the Graph 3.6 and Graph 3.9, we establish the curve Graph 3.10. In the seventies, the
gas flaring emission reached a peak. For some nations (e.g., Kuwait, Oman), CO2 emissions
from gas flaring constitute a sizeable portion of their total CO2 emissions; these emissions
were particularly high during the 1960s and 1970s because of a lack of infrastructure and a
large global demand.
Graph 3.11 shows the percentage of gas flaring emissions versus the world crude oil
production emissions, throughout the years. This graph represents the amelioration of gas
flaring systems. We can notice two clear and distinct increases in flaring; the one in the
seventies is due to a high world oil demand and the Yum Kippur War, and the one in nineties
is due to the Irak-Kuweit war.
In 1991, conflict in the Middle East resulted in large quantities of oil and gas being ignited at
oil fields in Kuwait. The amount of CO2 released by these fires is about 130 million metric
tons of Carbon (U.S. National Oceanic and Atmospheric Administration). Emissions from gas
flaring declined 11% from 1991 to 1992, due largely to the end of the Iraq-Kuwait conflict.
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Graph 3.10, CO2 Emission from Gas flaring and from World Crude Oil Production (1950-2003).

Graph 3.11, % of Gas Flaring emission / World Crude Oil Production Emission (1950-2003).

Flared gas before 1950 will be estimated by interpolating of the curve in Graph 3.11. This
interpolation will be based on the crude oil production curve, because this is the main gas
flaring source before 1950. It seems clear that in 1950 the quantity of flared gas for a mean
quantity of crude oil produced is far less than in 1880. From this assumption, there is different
ways to interpolate the curve.
From the CDIAC’s database, we can get an estimation of flared gas for almost all countries
since around 1950. Thus, we will pay attention to the most pollutant countries. According to
Table 3.12 and graph 3.11, only values before 1967 are considered. After that the gas flared
was too influenced by the world demand increase.
Tab 3.12. % of gas flaring emission / world crude oil production emission for the most
pollutant countries.

%**

Nigeria
(1963)

Angola
(1970)

Algeria
(1970)

Libya
(1967)

Saudi
Arabia
(1967)

Oman
(1971)

UAE*
(1969)

Iraq
(1965)

Iran
(1955)

Indonesia
(1970)

Venezuela
(1950)

Mexico
(1950)

USA
(1950)

46

87

97

656

418

680

13820

120

405

13

351

11

4.8

* UAE: United Arab Emirates.
** % of gas flaring emission / world crude oil production emission.
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The four different ways to interpolate are (Graph 3.13):
- The percentage of gas flaring emission / world crude oil production emission in 1880
is the same than the most pollutant country.
(1)
- The percentage of gas flaring emission / world crude oil production emission in 1880
is the same than the average of the percentage for the most pollutant countries. (2)
- The percentage of gas flaring emission / world crude oil production emission between
1880 and 1965 is linear.
(3)
- The percentage of gas flaring emission / world crude oil production emission in 1880
is the same than in 1950.
(4)

Graph 3.13, Annual CO2 Gas flaring Emission versus year, for different case (1870-2003).

From the Graph 3.13, we obtain the CO2 gas flaring emission and from the Tab 3.14, the
amount of flared gas The flared gas was estimated from the EIA’s data [4] (Gas flaring =
14,92 106 t of C/1015 (quadrillion) BTU), and also from French Wikipedia (Natural Gas =
10.85 kWh/m3 - depends on the type of gas B or H).
Tab 3.14. Gas Flaring, 1870 – 2003
1870 - 2003
•
•
•

(1)

CO2 gas flaring emission (Mt of C) 4569.61
Gas flaring (m3)
8.259 1012

Gas flaring (kJ)

(2)

(3)

4389.35
7.9333 1012

3609.94
6.5246 1012

3.226 1017 3.099 1017

2.5491017

(4)
3547.91
6.4125 1012

2.505 1017

According to the Tab 3.14, the flared gas emitted since 1880, is between 6.41 1012 and 8.26
1012 m3. However, lots of uncertainties have to be considered.
3.7. Review and Uncertainty
The main uncertainty results from the incomplete available data. Marland and Rotty (1984)
estimated that the uncertainty of the annual global CO2 emission is 6 to 10% [6]. It is mainly
due to a lack of information provided by countries such as Russia.
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Moreover, the data comes mainly from the oil field, neglecting the other sources, and most of
operators in oil field are not required to meter gas that is vented or flared. Hence, we can
understand how incomplete the database may be.
On the other hand, the database does not distinguish between the vented and flared gas. The
vented gas is far less recorded than the flared gas. It is taken into account in the database,
when it is known; the rest of the time, it is not included.
The problem is that this kind of gas is directly vented into the atmosphere as methane. This
gas generates then seven times more CO2 than if it was burnt (F.-R. Mouton, World Bank,
Appendix 1). Its greenhouse effect is quite important.
We can also consider an uncertainty from conversion such as:
- Gas flaring= 14,92 106 t of C/1015 (quadrillion) BTU;
- Natural Gas = 10.85 kWh/m3.
If we consider the energy emitted by natural gas as 10.35 kWh/m3 (it depends on the type of
gas), the uncertainty to the value of flared gas is 1.8%.
3.8. Conclusion
The energy released by gas flaring during the last 120 years corresponds approximately to the
annual global energy consumption in 1999, i.e. 0.9 1014 kWh. This amount accounts for about
3% of missing net heat generation and for 1.2 of total net heat generation, considering the
worst case (1). The graph 1.15 shows at the same time the gas flaring emission for the worst
case, with the crude oil production emission, since 1870.

Graph 3.15, Annual CO2 Emission from Gas flaring and from World Crude Oil Production, for the
worst case (1880-2003).
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4. Net Heat Generation from Coal Fire
4.1. Definition
A coal fire is the underground smouldering of a coal mine (See picture 4.1). Such fires have
economic, social and ecological impact. Mine fires can burn for very long periods of time
(from months to centuries), until the seam in which they smoulder is exhausted. Because they
are underground, they are extremely difficult and costly to reach and extinguish.

Pict. 4.1, Coal Fire in northern China.

Ironically, till recently, such a major environmental hazard was overlooked by the
international community. Some reasons that can be attributed to the rather low levels of
concern are:
- Ignorance of the magnitude of the problem;
- Scattered nature of the information/data on coal fires;
- Secrecy and reluctance on the part of related organisations to even acknowledge the
occurrence/magnitude of the problem;
- Side-tracking the issue by the funding agencies/policy makers in preference to other
issues which have already gained international attention;
- Limited research groups focussing on the problem (also related to limited funds
available for such research).
4.2. Origin of Coal Fire
Mine fires may begin as a result of an industrial accident, generally involving a gas explosion.
Historically, some mine fires were started when bootleg mining was stopped by authorities,
usually by blowing the mine up [2]. Many recent mine fires have started from people burning
trash in a landfill that was in proximity to abandoned coal mines.
Some fires along coal seams (See picture 4.2) are natural occurrences. Some coals may selfignite at temperatures as low as 40 °C, as spontaneous combustion; because it is the most
important process that can spark off a coal fire, it will be developed in section 4.4. It is also
highly possible that fires can occur when a forest wildfire above the ground conducts its heat
through the rock. Additionally, frictional energy from mining machines and negligent acts of
mine workers can also trigger coal fires. According to Anupma PRAKASH some of the coal
fires in the Jaharia Coalfield in India started due to illegal distillation of alcohol in abandoned
deep mines [7].
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The most important thing is that once the coal seam catches fire, the problem gets more and
more difficult to tackle.

Pict. 4.2, Coal Seam, Wuda, China [12].

4.3. Distribution
The problem of coal fires is as widespread as the geographic occurrence of coal. The nature
and magnitude of the problem differs from country to country. The Map 4.3 showing the
distribution of coal fires around the world is far from complete. It only depicts the better
known and documented coal fire occurrences.

Map 4.3, Distribution of coal fires around the world [7 ].

Globally, thousands of inextinguishable mine fires are burning, especially in China and India,
where poverty, lack of government regulations and runaway development combine to create
an environmental disaster [8].
“It’s a worldwide catastrophe”,
says geologist Anupma Prakash of the University of Alaska at Fairbanks.
The problem of spontaneous combustion and uncontrolled burning of coal seams is not
limited to the Chinese and Indian coal fields. It can be encountered throughout the world in
most coal-producing countries.
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With the world’s largest coal reserves, coal fire in the United States mainly occurs in
Pennsylvania. According to data from the National Abandoned Land Inventory System of the
Pennsylvania Department of Environmental Protection, there are currently 140 underground
coal mine fires and 58 burning refuse piles in Pennsylvania [9] (See picture 4.4).

Pict. 4.4, A coal fire in the mountains of Colorado

Scientists estimate that Australia’s Burning Mountain, the oldest known coal fire, has burned
for 6,000 years [8].
4.4. Spontaneous Combustion
The last but most important process that can spark off a coal fire is called spontaneous
combustion (See picture 4.5). Coal reacts with atmospheric oxygen even at ambient
temperatures and this reaction is exothermic. If the heat liberated during the process is
allowed to accumulate, the rate of the above reaction increases exponentially and there is a
further rise in temperature. When this temperature reaches the ignition temperature of coal,
the coal starts to burn and the phenomena is described as spontaneous combustion. The
temperature at which the coal oxidation reaction becomes self-sustaining, and at which
spontaneous combustion occurs, generally depends on the type of coal and surrounding
conditions of heat dissipation. In poor quality coal, the fire may start burning at temperatures
as low as 30-40° C. The three components for starting combustion are carbonaceous material,
oxygen and heat. All fire fighting and prevention plans are based on the elimination of one of
more of these components. These reactions worsen with the sun and the oxidation of the coal.
The north of China is predestined for spontaneous combustion of coal due to its arid climate,
but also because of the structure of the Chinese coal mining economy. About 25 % of the
Chinese coal output is produced by township-owned or private Coal mines. These mines tend
to be rather small in size, so that in order to mine that such big amount of coal, a large
quantity of these small mines are in operation, and each of them produces a fresh outcrop of
coal vulnerable to spontaneous combustion [10]. In coal-bearing regions in rural China,
people often dig coal for household use, abandoning the pits when they become unworkably
deep, leaving highly combustible coal dust exposed to the air [2].

- 24 -

Global Warming is mainly a result of Heat Emissions
4.5. Impact
Across the globe, thousands of coal fires are burning. These are almost impossible to reach
and extinguish once they get started. Such underground blazes threaten towns and roads,
poison the air and soil and, worsen global warming. The menace is growing since the global
coal demand increases.
The task of extinguishing underground coal fires, sometimes exceeding temperatures of
540°C, is highly dangerous and very expensive.
The coal fires’ main impact is on the health of the people living in the vicinity of the coal
field and on the economy of the region, which is often based on coal mining. The most
obvious danger to the inhabitants and especially for the miners is the firsthand contact with
the fire in or above the coal mine. Furthermore the chemical products of the combustion
process can pose a threat to the communities living near the coal fires. The possible paths of
contamination in this case are mainly the ingestion of toxic fallout via agricultural crop or
through the groundwater or the inhalation of gaseous components, e.g. the heavy smoke is
implicated in an epidemic of asthma [11]. The chemical products of the combustion process
cause also a severe pollution of the air, water and soil in the vicinity of the burning coal field;
this is a hazard to the ecosystem of the region. The emissions from coal fires not only pollute
the local atmosphere, but add substantial amounts of the greenhouse gases (CO2, CH4) along
with the SOx, NOx and CO.
Another associated problem is widespread cracking and
subsidence of land surface. As the burned coal turns into
ash, voids are created and often the rock overburden can no
longer be supported and deep cracks open up. Eventually the
surface collapses, which can cause extensive damage to
agricultural land, buildings and transport networks. Most of
the time these lands are useless for any further economic
activities [11] (See picture 4.2 and 4.5).

Pict. 4.5, Coal Fire in U.S.
Source: John Griggs.

Impacts of coal fires on climate change, and their contributions to global warming, are
increasingly receiving expert attention. Due to the risks of Coal fires, satellite pictures or
thermal images have been used to map China's coal fires, which resulted in the discovery of
many previously unknown fires. Such images will be used to prevent the scattering coal fires,
and thus to treat them on time. The thermal image clearly depicts the very hot areas [12] (See
picture 4.6).

Pict. 4.6, In-situ thermal camera image superimposed on a panoramic picture in a coal fire area [12].
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4.6. Coal fire in China
China is the largest coal producer and consumer worldwide (See Graph 4.7), even if it
accounts for only 11 percent of the world's total recoverable coal reserves; China supplies 75
percent of its energy with coal. The country presently accounts for 28% of the world’s coal
use. Due to mining of its vast coal fields, fires are spreading.

Graph 4.7, World coal consumption by region.

It is only within the last years that the topic of coal fires growing popularity also within the
daily media. This is the result of several bilateral and multi-lateral research initiatives, e.g. the
geoscientific Sino-German Research Initiative on Coal Fire Research. The overall goal of
these projects is firstly to get a better understanding of the physical-chemical as well as
mechanic processes of the fires; secondly, projects aim at the set up of coal fire monitoring
and also warning systems; thirdly, projects aim at the support of Chinese extinction strategies
to save the valuable resource coal. The overall goal is to reduce the greenhouse gas emissions
released [13].
‘We don’t need more science. We need more bulldozers.’ (Chinese, [8]).
Coal reserves of China are concentrated mainly in the northern part of the country. The coal
mining belt stretches 5000 km from east to west and about 750 km in the north-south
direction. Coal fires are spread in this entire belt. The Map 4.8 showing the
distribution of coal fires in North China gives an idea of the extent of the problem of coal fires
in China. However, the scientific efforts of coal fire mapping, monitoring, prevention and
fighting have been restricted to a few sites only. The most important of these locations are
Ningxia area, Xinjiang area and Wuda area.

Wuda Area,
North of China.

Map 4.8, Distribution of Coal Fire in North China [7].
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4.6.1. Coal Fire in Wuda
Wuda is a coal mining city located in Inner Mongolia; this mean area covers about 200 km
from North to South and 220 km from East to West (See Map 4.8). Nowadays, it is accounted
over 20 coal fire areas in Wuda [12].
It is the most studied mine worldwide. Lots of investigation like Multitemporal In-Situ
Mapping of the Wuda Coal fire (C. KUENZER), Detailed Mapping of Coal Fire – Wuda
Coal field (T. LITSCHKE, 2005), Uncontrolled coal fires and environmental Impact in Wuda
(C. KUENZER, 2007), Detection of underground coal fire in Wuda (X.M. ZHANG, 1999),
Coal Fire Detection and Monitoring in Wuda (P. KUMAR, 2003) were taken place. For this
reason, in order to evaluate the world fired coal since 1880, the research will focus on this
area.
The fire in Wuda is mainly ignited by abandoned private mines due to the low quality of the
coal. Coal in the Wuda area is highly prone to spontaneous combustion. The climate of Wuda,
and the surrounding area is a middle latitude strong continental semi-arid to fully arid climate,
with large daily and seasonal temperature amplitudes influenced mainly by the East Asian
Monsoon (Weischet, 1988; Xie, 2001). Moreover, vegetation cover is very sparse.
Since commercial mining in the Wuda syncline started in 1958, 120 megatons have been
mined by the year 2000. The first coal fires in the area were discovered in 1961. Before 1989
most coal fires in Wuda were isolated and scattered in different locations. The isolated fires
started to connect gradually between 1989 and 1995. An acceleration of the process from
year to year is observed. The recent annual amount of coal being burned is estimated to be
200,000 tons [12-13]. It is assumed that so far, two millions tons of coal were destroyed due
to coal fires [13]. In 2002 8.8% of the three coal mining areas in the syncline are affected by
coal fires and the coal fire area has an extent of 3.07 km2 (Jia, 2002).
4.6.2. Estimation of Fired Coal in Wuda
The difficulty to evaluate the fired coal is to find out the most reliable data. Actually, it is
impossible to reach an exact estimation since the coal fire has never been recorded and is not
well detected. The work is based on C. KUENZER ’s estimation in Wuda and in China;
according to her, most of available data on different website are upper-estimated in order to
sit people up.
From the available estimation of Wuda coal mine, the Wuda fired coal and the Wuda coal
production were interpolated since 1958, as shown on Graph 4.9; Wuda fired coal was
interpolated considering “an acceleration of the process year to year”, considering the total
amount of fired coal since 1958, and considering a fired coal peak in 2002 of 200000 tons.
Wuda coal production was interpolated considering that its production follows the China
production increase, and considering the amount of coal extracted since 1958.
The Graph shows that even though the coal production increases linearly, the coal fire need
time to scatter; it confirms the coal fire evolution description mentioned in section 4.6.1.
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Graph 4.9, Interpolation of Wuda Fired Coal and Coal Production since 1958.

4.6.3. Coal fire in China
The coal fire through China was interpolated from the coal production emission in China.
Like the investigation for gas flaring, the data from EIA (Appendix 1) and CDIAC (Appendix
3) have to be compared (Graph 4.10).

Graph 4.10, Annual World and China Carbon Emission from Coal.

The curves from EIA and CDIAC are quite similar; by the way, we will consider as World
carbon emission and Chinese carbon emission from coal versus year, a linear curve, which
takes into account the both database (Graph 4.10).
The World coal production and the Chinese coal production are obtained from the World and
Chinese carbon emission, by evaluating the ratio between production and carbon emission
provided by EIA’s database (0.45 kg of Carbon/kg of Coal).
The Chinese fired coal is interpolated considering the worst case, i.e. all Chinese coal mines
behave like Wuda coal mine. Hence, first, the Wuda’s curves have to be reduced from the
Wuda’s coal mining scale to the Chinese coal mining scale, and then, a curve that describes
the Wuda annual coal fire increase versus the Wuda annual coal production increase has to be
extrapolated. Thus, the Chinese fired coal can be obtained considering its amount of
20 millions tons in 2002 (C. KUENZER) (Graph 4.11).
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Graph 4.11, Annual Chinese Fired Coal and Chinese Coal Production since 1902.

4.7. Coal Fire in the World
The fired coal through the world is obtained by the same way than for the Chinese fired coal
(Graph 4.12), with the exception of the World coal mining production scale consideration.
Moreover, the World fired coal is interpolated considering that the Chinese coal fire account
for 40% of the World coal fire, in 2002 (C. KUENZER).

Graph 4.12, Annual World Fired Coal and World Coal Production since 1870.

The results got in the precedent sections can be summarised in the Tab. 4.13.
Tab 4.13. Fired Coal, 1880 – 2002
1880-2002
•
•
•

Fired Coal (Mt)
Fired Coal (kJ)
Fired Coal (kWh)

Wuda
2
5.0437 1013
1.401 1010

China
324.82
7.796 1015
2.165 1012

World
1307.899
3.139 1016
8.719 1012

According to the Tab 4.13, the fired coal worldwide since 1880, is about 8.719 1012 kWh.
However, lots of uncertainties have to be considered.
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4.8. Reviews and Uncertainties
These results have to be considered warily. Actually, it is impossible to evaluate a right
amount of fired coal since the coal fire has never been recorded and cannot be well detected.
The evaluation of World fired coal was interpolated from the worst coal mine worldwide, i.e.
Wuda syncline. It should mean that the estimation got is overestimated, but it is impossible to
claim it. We cannot say whether it is an under or an upper-estimation, because on one hand,
we only considered the coal fire lighted by spontaneous combustion, and on the other hand
the worst case was considered. Moreover, there is a large uncertainty to the value of Wuda
syncline, like total amount of fired coal or fired coal in 2002, to the percentage of Chinese
fired coal versus world fired coal, and to the Chinese fired Coal in 2002.
There is different type of coal fire; several happen underground and thus cannot be reached
and will never be able to be recorded. However, some of these underground coal fires last for
many centuries, without the earth’s temperature never increasing. This kind of coal fire can be
then neglected whether the amount of coal fire is responsible of a weightly part in the earth’s
temperature increase.
4.9. Conclusion
The coal fires worldwide emit 8.719 1012 kWh of heat; they account for 1307 million tons of
coal and are in charge of 0.3 % of Missing Net Heat Generation and of 0.1 % of Total Net
Heat Generation since 1880. The coal fire spontaneous combustion contribution is thus quite
low; its contribution to the earth’s temperature increase is then negligible, like the
underground coal fire contribution. Therefore, it should be important to consider the
underground coal fire in the estimation (they could together play such a part); unfortunately it
is absolutely impossible to evaluate it.
The Chinese coal fires account for 0.12% of World CO2 emission in 2002 and the coal fires
worldwide account for 0.31% of World CO2 emission in 2002.
So far only coal fire-fighting activities at individual fires have taken place to hinder existing
coal fires from extending into the present active coal-mining areas. The Wuda syncline
(Picture 4.14) is one of the coal fire areas that have received the most of public attention
through a Sino-German coal fire research initiative, coordinated by the German Aerospace
Centre, DLR, which started in 2003 and will last until the end of 2009.

Pict. 4.14, Coal Fire in China.
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5. Net Heat Generation from Deforestation
5.1. Definition
Deforestation is the conversion of forested areas to non-forest land use (See Picture 5.1). It
can be the result of the deliberate removal of forest cover for agriculture or urban
development, or it can be a consequence of grazing animals, wild or domesticated.
Deforestation has thus many causes. Population pressures, profits, and internal social and
political forces can also all push up the rate of forest loss. Generally the removal or
destruction of significant areas of forest cover has resulted in a degraded environment with
reduced biodiversity.
Deforestation includes not only conversion to non-forest, but also degradation that reduces
forest quality, the density and structure of the trees, the ecological services supplied, the
biomass of plants and animals, the species diversity and the genetic diversity.
Deforestation results from removal of trees without sufficient reforestation and usually results
in a significant loss of biodiversity. From 2000 to 2005, the net forest loss was 7.3 million
hectares per year, an area the size of Sierra Leone or Panama and equivalent to 200 km2 per
day (FAO – Appendix 4).

Pict. 5.1, Jungle burned for agriculture in southern Mexico.

5.2. Impact on the Environment
Deforestation affects the amount of water in the soil and groundwater and the moisture in the
atmosphere. Forests influence thus climate. Forests support considerable biodiversity,
providing valuable habitat for wildlife; moreover, forests foster medicinal conservation and
the recharge of aquifers.
Forests are also important stores of organic carbon, and forests can extract carbon dioxide and
pollutants from the air, thus contributing to biosphere stability and probably relevant to the
greenhouse effect. Tropical deforestation contributes as much as 90% of the current net
release of biotic carbon dioxide into the atmosphere. This change may represent as much as
20% - 30% of the total carbon flux due to humans, i.e. the carbon release due to fossil fuel
burning [14]. Deforestation thus is an important potential source of carbon.
Forests are also valued for their aesthetic beauty and as a cultural resource and tourist
attraction.
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5.3. Forest management
Forest management has many goals. It typically aims to maximize annual harvest while
ensuring that the area harvested is consistent with forest regrowth rates and total area. This
might result in a second harvest of the same forest plot after some 60-100 years.
Forests on federal and state lands are usually managed according to multiple use doctrine.
This means that in addition to forest harvest, the land is available for recreation and maintains
a healthy forest ecosystem. Managing to protect biodiversity and to restore pre-settlement
conditions are relatively recent goals (Pict. 5.2). In many parts of the world, forest may be
used by indigenous people for subsistence hunting, or as a place to live. These people add
more considerations, and more stakeholders, to the challenge of forest management.

Pict. 5.2, Primary Forest in New Zealand (country where most of forest are primary).

5.4. Transformation of the Forest Area
Deforestation is mainly due to the human action. The impact of people has been and continues
to be profound. Forests are cleared, degraded and fragmented by timber harvest, conversion to
agriculture, road-building, human-caused fire, and in myriad other ways. The effort to use and
subdue the forest has been a constant theme in the transformation of the earth, in many
societies, in many lands, and at most times. However, it is impossible to overstate exactly the
importance of humankind's clearing of the forests.
The purpose of this section is to evaluate as right as possible the impact of deforestation on
the net heat generation since 1880.
5.4.1. The Original Forest
Originally, almost half of the United States, three-quarters of Canada, almost all of Europe,
the plains of the Levant, and much of the rest of the world were forested. The forests have
been mostly removed for fuel, building materials and to clear land for farming. The clearing
of the forests has been one of the most historic and prodigious feats of humanity. About one
half of the forests that covered the Earth are gone.
For millennia, humankind has influenced the forests, although much of the impact has been
relatively minor. Today, the impact is enormous. Deforestation is expanding and accelerating
into the remaining areas of undisturbed forest, and the quality of the remaining forests is
declining.
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5.4.2. Transformation of the Forest Area for different part of the world since 1700
Until quite recently, most of the deforestation occurred in Europe, North Africa, North
America and the Middle East. The Picture 5.3 shows the evolution of the forest in United
States. Now, deforestation in these regions has stabilized and regrowth is occurring (though
second growth forests have quite different character). In the last few decades, the vast
majority of deforestation has occurred in the tropics - and the pace still accelerates.

Pict. 5.3, Area of primary forests in the United States (around 1620, 1850 and 1920) [14].
Since 1600, 90% of the virgin forests that once covered much of the lower 48 states have been cleared away. Most of the
remaining old-growth forests in the lower 48 states and Alaska are on public lands. In the Pacific Northwest about 80% of
this forestland is slated for logging.

The Graph 5.4 shows the transformation of the forest area since 1700. The values between
1700 and 1980 were obtained from the database established by Grubbler (1990) [15]. The
deforestation decreases in Europe since 1700, whereas the global deforestation worldwide
increases. The North America reached a peak between 1800 and 1850, which corresponds to
the colonisation of the continent. Between 1980 and 2000, the amount of deforested area was
obtained from the surface lost percentage provided by FAO (Appendix 4), which shows that
the rate of deforestation has been decreasing since 1980.

Graph 5.4, Transformation of the Forest Area for different part of the world since 1700.

The Graph 5.5 shows the evolution of the deforested surface per people since 1700. This
evolution decreases significantly throughout the year, mainly due to the fossil fuel use. United
States reached a peak between 1700 and 1850, which is also due to the colonisation.
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Graph 5.5, Evolution of the Deforested Surface / people since 1700.

Richards (1990) estimated that over the last three centuries, roughly 1200 million ha of forests
and woodlands have been cleared, grasslands and pastures have diminished by about 560
million ha, and cropland areas have increased by 1200 million ha [16]. Since 1700, roughly
20 percent of the world’s forests and woodlands have disappeared; the actual forest represents
30 percent of the land surface. These results confirm those of Grubbler. Unfortunately we do
not have any confirmation for the FAO values between 1980 and 2000.
5.4.3. The Actual Forest
According to a report provided by European Parliament [17], whose values were estimated by
FAO (Appendix 4), the world forest can be divided into two kinds: Temperate and Tropical
Forest (Graph 5.6) (See Pictures 5.7).

Graph 5.6, Division of world Temperate Forest (Green) and World Tropical Forest (Yellow) [17].

Pict. 5.7, Temperate Forest in New Zealand (on the left), Tropical Forest in Singapore (on the right).
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This source presents also estimation of world temperate forest surface and of world tropical
forest surface in 1990 (Map 5.8). The world temperate forest surface has been estimated at
around 2330.5 millions of ha and the world tropical forest surface at around 1756.3 millions
of ha. The temperate forest includes: all Europe, Ex-URSS, North America, Australia, Japan,
New-Zealand, South Africa, Argentina, Chilli, China, Mongolia and Korea. The tropical
forest includes: Africa, Asia, Pacific, Latin America, and Caribbean.

Map 5.8, Distribution of Forest Areas throughout the world in 1997, divided in Temperate Forest
(green) and Tropical Forest (yellow) [17].

Moreover, this source evaluated the VOB (Volume Over Bark or tree volume) in cubic meter,
depending on the type of the forest. In the case considering only the tree trunk, the VOB for a
temperate forest was estimated at about 170 billion cubic meter; in the other case considering
all parts of trees, the total aboveground VOB was estimated at about 213 billion cubic meter.
In this study the second value of VOB is considered since we are interested in deforestation
impact and not of the wood exploitation. Hence, the BEF (Biomass Expansion Factor = the
ratio of total aboveground oven-dry biomass density of trees to the oven-dry biomass density
of the inventoried volume) can be defined: BEF = 1.25 for a temperate forest. The BEF was
estimated at roughly 1.3 for a conifer forest (Peters, 1977).
From the value of VOB and the value of world temperate forest surface, the VOB per ha can
be obtained: 92 m3/ha.
In tropical forest, only the VOB per ha is provided, which is 300 m3/ha in dense forest. It is
absolutely impossible to evaluate the VOB in tropical forest taking into accounts the large
variety of trees. However, according to the difference between the global VOB estimated by
Hagler and the VOB for a temperate forest, the VOB for a tropical forest would be roughly
130 billion cubic meter; the result has to be considered like an order of magnitude.
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5.5. Aboveground Biomass Density
The Aboveground Biomass Density can be evaluated from the method suggested by FAO
[18]. This method is based on existing volume per ha data and is best used for secondary to
mature closed forests only, growing in moist to dry climates. It should be used for closed
forest only because the original database used for developing this approach was based on
closed forests. The primary data needed for this approach is VOB/ha (Volume Over Bark).
Biomass density can be calculated from VOB/ha by first estimating the biomass of the
inventoried volume and then "expanding" this value to take into account the biomass of the
other aboveground components as follows (Formula 5.9, Brown and Lugo, 1992):
Aboveground biomass density (t/ha) = VOB * WD * BEF

(5.9)

where:
WD = volume-weighted average wood density;
BEF = biomass expansion factor.

5.5.1. Wood Density
Wood Density (WD) is defined as the oven-dry mass per unit of green volume (tons/m3).
DETIENNE and CHANSON evaluated the wood density average at 0.73 after investigating
3805 species of trees [19]. The Table 5.10 describes the WD for tropical forest.

Table 5.10, The Wood Density Values for Tropical Trees (from Reyes et al. 1992) [19].
Tropical Region
•

Africa

•

North America

•

USSA & Oceania

No of Species
282
470
428

Mean
0.58
0.60
0.57

Common Range
0.50 – 0.79
0.50 – 0.69
0.40 – 0.69

5.5.2. Biomass Expansion Factor
5.5.2.1. Broadleaf forests
Biomass Expansion Factor is defined as: the ratio of total aboveground oven-dry biomass
density of trees to the oven-dry biomass density of the inventoried volume. Such ratios have
been calculated from inventory sources for many broadleaf forest types (young secondary to
mature) growing in moist to seasonally dry climates throughout the tropics (Brown et al.
1989). The reported inventoried volume in the studies was based on the definition given
above. BEFs is significantly related to the corresponding biomass of the inventoried volume
according to the following equations (Brown and Lugo 1992):
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BEF = e[ 3.213"0.526*Ln(BV )]

for BV < 190 t/ha

BEF= 1.74

for BV " 190t/ha

(5.11)

where:
BV = biomass of inventoried volume in t/ha, calculated as the product of VOB/ha (m3/ha) and wood
density !
(t/m3).

!

5.5.2.2. Conifer forests
No model for calculating biomass expansion factors for native conifer forests is presently
available because of the general lack of sufficient data for the type of analysis performed for
the broadleaf forests. However, one would expect that BEFs for tropical pine forests would
vary less than for broadleaf forests because of the generally similar branching pattern
exhibited by different species of pine trees. Until additional data become available, a BEF of
1.3 can be used, with caution, for biomass estimation of pine forests.

5.6. Results
The results were summarised in the Table 5.12. The global deforestation generated
between 8.174 1014 and 9.333 1014 kWh since 1850, depending on the Heat of Combustion
average (between 2.89 and 3.3 kWh/kg).

Table 5.12. Net Heat Generation from Deforestation Worldwide 1850 – 2000.
Deforested Area

•
•
•

Temperate Forest
Europe
North America
USSA & Oceania

•
•

Tropical Forest
Africa & Middle East
Latin America

•
•

Asia
World Forest
World

VOB*

Million ha

m3/ha

+12
-27
-156

92
92
92

-386.8
-352.1

300
300

-203
-1112.9

WD** BEF*** ABD**** Weight Heat Generated
t/ha

1014 kWh

1
1
1

67.16
67.16
67.16

805
-1813
-10477

- 0.023
0.052
0.303

0.58
0.60

1.65
1.62

287.1
291.6

-111050
-102672

3.209
2.967

300

0.57

1.66

283.9

-57624

1.665

-

-

-

-

-282831

8.174

*

: Volume Over Bark
: Wood Density
***
: Biomass Expansion Factor
****
: Aboveground Biomass Density.
**
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5.7. Reviews and Uncertainties
These results have to be considered with some reviews taking into account the hard work to
estimate the global deforestation since 1850, i.e. the deforested area and also the VOB.
Moreover, the way to convert from m3/ha to t/ha also means uncertainties since we have to
make an average of all trees; it is the same point to convert from ton to kWh.
According to the table 5.12, deforestation is mainly occurring in tropical forest (Pict. 5.13);
the VOB tropical forest is quite overestimated; we can guess that the mean net heat generation
is a maximum.

Pict. 5.13, Deforestation in Amazonia.

5.8. Conclusion
In spite of some uncertainties, we obtained a net heat generation of 8.2 1014 kWh from
deforestation since 1880. Deforestation would then contribute for the biggest part of noncommercial heat generation, i.e. about 30 percent of the missing heat. Basically, it represents
10.8 percent of the total net heat generation.
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6. Net Heat Generation from Loss Heat in Nuclear Power Plants
6.1. Definition of Nuclear Power
Nuclear power is the controlled use of nuclear reactions to release energy. Nuclear energy is
produced when a fissile material, such as uranium-235 (235U), takes place in a controlled
chain reaction and creates heat, which is used to boil water, produce steam, and drive a steam
turbine. The turbine can be used for mechanical work and also to generate electricity.

Pict. 6.1, Nuclear Power Plant in France.

The United States produces the most nuclear energy, with nuclear power providing 20% of
the electricity it consumes, while France produces the highest percentage of its electrical
energy from nuclear reactors (76% in 2006).
The IAEA reported there are 435 nuclear power reactors in operation in the world in 2007,
operating in 31 different countries. Together, they produce about 17% of the world's electric
power. The U.S., France, and Japan together account for 49% of all nuclear power plants and
57% of all nuclear generated electricity.
The nuclear energy production started in 1954 with generation I nuclear power reactors.
These reactors were not really safe; hence, the nuclear energy production started significantly
in 1970 with generation II nuclear power reactors. At this period, the 1973 oil crisis had a
significant effect on the construction of nuclear power plants worldwide (See Graph 6.2,
obtained from EIA’s database, Appendix 1).

Pict. 6.2, Annual Electricity Production from Nuclear Power since 1970.
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6.2. Pressurized Water Reactor
Pressurized water reactors (PWR) are generation II nuclear power reactors; they use water
under high pressure as coolant and neutron moderator. PWRs are one of the most common
types of reactors and are widely used all over the world. More than 230 of them are in use to
generate electric power, and several hundred more for naval propulsion. They were originally
designed by the Bettis Atomic Power Laboratory as a nuclear submarine power plant.
A PWR works because the nuclear fuel in the reactor vessel is engaged in a chain reaction,
which produces heat as the main goal of the entire setup. That heats the water in the primary
coolant loop by thermal conduction. This hot water heats up then the secondary coolant
through a heat exchanger (steam generator), which forms steam. Next, the steam flows
through a steam turbine, and the energy extracted by the turbine is used to drive an electric
generator. After passing through the turbine, the secondary coolant is cooled down and
condensed in a condenser before being fed into the steam generator again (See Picture 6.3).

Pict. 6.3, Schema of a Nuclear Power Plant Working [2].

The efficiency of such a reactor is 33 percent; it means that 33 percent of the heat generated
by chain reaction is converted into electricity, and the other 67 percent are released as heat
into the atmosphere (cooling towers, see Picture 6.4) or/and into rivers.

Pict. 6.4, Cooling Towers and River next to the Nuclear Power Plant in Saint-Vulbas (France).
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6.3. Results
According to the EIA database, the total amount of nuclear production since the start of the
nuclear generation was evaluated at about 0.4 1014 kWh until 2000 and 0.53 1014 kWh so far.
Considering the efficiencies of the PWR (33%) and of the BWR (Boiling Water Reactor,
33%), type of reactors which represents respectively 55.7% and 22.2% of the world nuclear
park, the global released and lost heat by nuclear power plant is 0.8 1014 kWh until 2000 and
1.2 1014 kWh so far.
6.4. Reviews and Uncertainties
This investigation benefited the fact that the net heat generation from nuclear power plant
started quite late compared with other net heat generation; it means that the database is
reliable enough. By the way, some uncertainties have to be considered.
First, the nuclear energy generation before 1970 was not considered; it accounts for roughly
0.01 1014 kWh, which is negligible compared with the production after 1970.
Moreover, it was assumed that all nuclear power plant have the same efficiency while only
78 percent of nuclear power plant work as PWR or BWR. The efficiency of others nuclear
power plants are quite similar.
Finally, the nuclear use for naval propulsion was not considered, but it is negligible as well.
6.5. Conclusion
The global released and lost heat by nuclear power plant is 0.8 1014 kWh until 2000 and
1.2 1014 kWh so far. The nuclear power contributes to 1.5 % of the global warming since 1880
to 2000 and to 2.4% so far. The released and lost heat by nuclear power plants contributes to
1.1% of the global warming since 1880 to 2000 and to 1.5% so far. This heat covers 2.6% of
the missing heat. That is as much as gas flaring.
That is well established that gas flaring contributes to global warming because of the CO2
emission, but according to this new theory of global warming, nuclear power contributes to
even more to the global warming than gas flaring (considering the total amount of heat
generation), contrary to the public opinion.

Pict. 6.5, Demonstration against the generation III nuclear power reactor (EPR) building in France
because of the risk of such a setup.
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7. Net Heat Generation from the Use of Crude Oil in Plastic Making
7.1. Definition
Plastic covers a range of synthetic or semi synthetic polymerization products. Plastics are
polymers: long chains of atoms bonded to one another. All plastics are polymers but not all
polymers are plastics; there are actually few natural polymers. Nature has always produced
polymers such as cellulose, the DNA molecule and proteins. Plastic production was inspired
by Nature’s polymers. Plastics may contain other substances than polymers in order to reach a
mean performance; certain types of plastic are suitable for packaging (25% of the US plastic
production – 37% of the European plastic production), others for building and construction
(22% in US – 20% in EU), and others for toys and medical stuff (13% in US – 9% in EU),
transportation (5% in US – 7.5% in EU), furniture (4% in US – 3.5% in EU), electronic stuff
(4% in US – 7.5% in EU) and so on… ([20] and PlasticsEurope, Appendix 5).
Today, plastics frequently replace most traditional materials such as wood, metal, glass,
leather, paper and rubber because they can be lighter, stronger, corrosion resistant, very
durable and a better insulator. These properties often make plastics more economical to use
than other materials. They are used throughout industry and business; they influence the way
we dress, the way we enjoy ourselves and the way we live. Many plastics have become
household names - nylon, polyester and so on…
Plastics can be produced from oil or gas that has undergone chemical processing, and consists
of synthetic polymers (See Graph 7.1).

Graph 7.1, How Plastics are Produced [21].

7.2. Type of Plastics
In1920, Hermann Staudinger developed the theory of "polymers". Low Density Polyethylene
(LDPE), Polystyrene (PS) and Polyvinyl Chloride (PVC) were commercially developed in
1930s, high density Polyethylene (HDPE), and Polypropylene (PP) were commercially
developed in 1950s, and Polyethylene Terephthalate (PET) was commercially developed in
1970s. There is also other kind of plastics like Polyamide (PA), Polycarbonate (PC),
Acrylonittrile
Butadiene
Styrene
(ABS),
Polyvinylidene
Chloride
(PVDC),
Polytetrafluoroethylene (PTFE), Polymethyl methacrylate (PMMA), and Polylactic acid
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(PLA). On the other hand, the production of these plastics is negligible compare with those
mentioned above.
7.3. World Plastic Production since 1939
The graph 7.2 shows the annual World Plastics Production since 1939 ([22] that contains data
from PlasticsEurope – Appendix 5); Plastic was developed throughout the 1920s and 1930s.
Plastic production started in around 1939 when it was used extensively during the Second
World War. The production increased largely in the early 1950s since they had found their
way into our homes. Moreover, the production decreased around 1973 due to the Yom Kippur
war.

Graph 7.2, Annual World Plastic Production since 1939.

The table 7.3 presents the world production for different kind of plastic for the year 2003. The
part of the world Polyethylene production in the world plastic production is bigger than the
part of the US or European Polyethylene production in the US or European plastic production
(respectively 45% and 37%).
Table 7.3. World Plastic Production – 2003 [22 – 23 – 24].
Polyethylene
Plastics production
(in million ton)
Plastics production
(% )

Polypropylene

PVC

Others

World

58.14

53.86

18

75

205

28.3

26.3

8.7

36.5

100

7.4. Crude Oil consumption
Crude oil is used in plastic making as main raw materials. 1 litre of petrol (0.76 kg) needs
approximately 0.9 kg of crude oil, with 1 kg crude oil counted for 44 MJ/kg. This gives a
plastic to petrol ratio in kg/l (Table 7.4 and 7.5).
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Table 7.4. Petrol Consumption in Plastic Making for Different kind of Plastics [25].
In kg/l

min

max

PVC
PE
PP
PS
PET
PC

0.75
0.57
0.54
0.50
0.47
0.37

1.65
0.72
0.68
0.72
1.28
1.10

The maximum corresponds to the case when the oil is used as raw materials and as minimum
energy to derive the others raw materials; the minimum corresponds to the case when the oil
is also counted as energy source for plastic making and for distilling crude oil.
Table 7.5. Energy Consumption versus Different Plastic Making [25].
In MJ/ kg
PVC
PE
PP
PS
PET
PC

Total

oil

others

53
70
73
80
84
107

24
55
58
55
31
36

29
15
15
25
53
71

"Oil" being the used oil derivatives as raw materials and the minimal direct oil related energy
use to derive these raw materials.
7.5. Results
From 1939 to 1950, only PE – PS – PVC were produced; thus the considered energy
consumption for this period would be about 48MJ/kg assuming the PE production as the main
plastic production. From 1950 to the early 1970, PP has to be added in consideration; the
energy consumption would be 50 MJ/kg. So far the energy consumption would be
47.8 MJ/kg.
Considering the energy consumption mentioned above versus different plastic making, and in
the case of oil is only used as raw material, the net heat generation is 0.38 1014 kWh from
1939 to 2000 and 0.49 1014 kWh to 2004.
Considering that the crude oil production report does not consider the oil used for plastic
making and the oil used as energy in plastics plants (what is improbably), the net heat
generation is 0.6 1014 kWh to 2000 and 0.77 1014 kWh to 2004.
Considering the worst case of energy consumption versus different plastic making, i.e. PP
energy consumption, the net heat generation is 0.46 1014 kWh to 2000 and 0.59 1014 kWh to
2004.
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7.6. Reviews and Uncertainties
Although the plastic production seems well reported since its start, some uncertainties have to
be considered. The first one is obviously about the reliability of the plastic production
database; by the way PlasticsEurope is an international organisation it should be reliable.
Moreover, the plastic production was only considered since 1939, though there was a little
plastic production since 1930; unfortunately it was not reported. An uncertainty can be also
considered about the values of oil consumption.
Moreover, the evaluated net heat generation considers the case where all the plastic is
decomposed (mainly burnt), i.e. all the plastic already consumed and its oil content
transformed into heat. Even if the lifetime of plastics is not too long, some of the plastics
produced are not yet decomposed.
7.7. Conclusion
According to the uncertainties mentioned above, the net generation from plastic making is
overestimated. Unfortunately it is not possible to know the amount of plastic that was already
burnt or decomposed. Moreover, it is not known whether the crude oil production reports
consider the oil related raw material in plastic making.
Anyway, the net heat generation from the use of crude oil in plastic making is roughly
0.4 1014 kWh from 1939 to 2000. It corresponds to 1.3% of the missing heat and contributes
to 0.5% of the global warming. Its contribution is about the same magnitude than the gas
flaring, less than the impact of nuclear power, and more than coal fires.
Whether this amount of crude oil was taken into account in crude oil production reports, it
would be negligible considering the total crude oil production since 1880.

Pict. 7.6, “Plastic field” in Tunisia.
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Summary of Results
This research consisted in evaluating the impact of the non-commercial use of the nonrenewable energy. After performing calculation it was estimated that gas flaring has
contributed for 1.2 % of global warming since 1880, coal fires – 0.11%, deforestation –
10.8 %, heat loss in nuclear power plants – 1.5 %, oil used for plastic making – 0.5 %.
However, these results have to be considered as an order of magnitude according to the
uncertainties on the different databases and especially for the coal fire and for the plastic. The
missing net heat generation is then 26 % (See Graph 8.1 and Table 8.2).

Graph. 8.1, Summarize of Heat Emissions since 1880.
Commercial Energy corresponds to the commercial use of crude oil, coal and gas; Miscellaneous Heat sources
correspond to Earthquakes, Volcanoes, Nuclear Tests, and War; Non-Commercial Energy corresponds to
Deforestation, Gas Flaring, Coal Fires, Heat Loss in Nuclear Power Plants, and Oil used in Plastic Making;
Missing Heat can correspond to the greenhouses effect or the change of solar radiation (See Conclusion).

Table 8.2. Global Heat Accumulation and Net Heat Generation, 1880 – 2000.
NET HEAT SOURCES
Commercial Non-Renewable Energy Consumption
•
Crude Oil
•
Gas
•
Coal
•
Nuclear
TOTAL
Non-Commercial Non-Renewable Energy Consumption
•
Gas Flaring
•
Coal Fires
•
Deforestation
•
Production of Plastics
•
Waste Heat from Nuclear Power
TOTAL
Miscellaneous Heat Sources
•
Volcanoes
•
Earthquakes
•
Nuclear Tests
•
Wars
TOTAL
TOTAL: NET HEAT EMISSION
TOTAL: ACCUMULATED HEAT
MISSING HEAT
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1014 kWh

1018 kJ

15.2
6.9
16.0
0.4
38.5

5.48
2.49
5.76
0.14
13.87

20.1
9.1
21.1
0.5
50.8

0.9
0.1
8.2
0.4
1.2
10.8

0.32
0.03
2.95
0.14
0.43
3.56

1.2
0.1
10.8
0.5
1.6
14.2

4.0
2.7
0.1
0.1
6.8
56.1
75.8
19.7

1.42
0.97
0.03
0.04
2.46
20.2
27.3
7.1

5.2
3.6
0.1
0.1
9.0
74.0
100.0
26.0

Ratio (%)
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Conclusion
This study allowed us to realize how big is the impact of those different sources, and
especially the impact of the deforestation, which is higher than the one of natural gas
consumption since 1880 (Natural Gas: 7 1014 kWh). Moreover, this research and particularly
the theory that is behind, leads us to have a new vision of the impact of nuclear power. So far
its impact considered was about its radioactive waste and about its disturbance on river
ecosystems due to the heat released into it; now, we could say that nuclear power contributes
to global warming through the heat that it creates. Moreover, the nuclear power plants and the
machines, which use oil, coal or gas, have more or less the same efficiency (33 %). Thus,
according to this new theory of global warming, the impact of 1 kWh produced by uranium or
oil is the same unlike that oil produces CO2. If we considered that the missing net heat
generation (26 %) come from the impact of CO2, we would conclude that 1 kWh produced by
oil generates 1.5 kWh as heat under CO2 shape. The oil machines “planet efficiency” would
be 22.2 % (if it was originally 33 %), whereas the “planet efficiency” of nuclear power plants
would stay 33 %.
The 26 % can come indeed from the impact of CO2 (since it has been proved that CO2 cannot
be responsible of more than 19 % of global warming1) and from the solar radiation changes
(Prof E. Friis-Christensen, Danish National Space Centre). It is the actual discussed theory for
global warming1,2. It has been demonstrated that the air temperature didn’t increase all the
time since 1880, whereas the CO2 concentration in atmosphere increased exponentially all the
time for the same period. The air temperature would have decreased between 1940 and 1975,
and the solar radiation change curve attests perfectly that.
One more reason that contradicts that CO2 is responsible of global warming, is that the CO2
concentration curve follows the air temperature curve (except for the part 1940-1975), with a
delay of several decades. It would be the temperature changes that influence the CO2
concentration in atmosphere (by warming the oceans).
However, another report3 shows that the CO2 could be responsible of global warming (the
Outgoing Long-Wave Radiation (OLR) would decrease), but after a while, the global
warming would induce a greater evaporation of ocean, then a more cloudy weather, and next
an increase of albedo, which would cool down the planet, because the OLR would increase
again. After a long while, the planet would cool down by itself.

1

Willie W.-H. SOON, Variable Solar Irrdiance as a Plausible Agent for Multidecadal Variations in the Arctic-Wide Surface Air
Temperature Record of the Past 130 Years, Harvard-Smithsonian Center for Astrophysics (Massachusetts, USA), Geophysical Research
Letters, Vol .32, L16712 (August 2005).
2
http://video.google.com/videoplay?docid=4499562022478442170
3
E. C. NJAU, Formulation of Human-Induced Variations in Global Temperature, University of Dar ES Salaam (Tanzania), Renewable
Energy 32 (2007).
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Appendix 1: EIA – Energy Information Administration.
[1] http://www.eia.doe.gov/
[2] Highlights of GAO-04-809, a report to the Honorable Jeff Bingaman,
Ranking Minority Member, Committee on Energy and Natural Resources,
U.S. Senate Reduce Emissions.
Contact: Michael Grillot <Michael.grillot@eia.doe.gov>

The Energy Information Administration (EIA), created by Congress in 1977, is a statistical
agency of the U.S. Department of Energy. Their mission is to provide policy-independent
data, forecasts, and analyses to promote sound policy making, efficient markets, and public
understanding regarding energy and its interaction with the economy and the environment.
EIA is the Nation’s premier source of unbiased energy data, analysis and forecasting. By law,
EIA’s products are prepared independently of Administration policy considerations. EIA
neither formulates nor advocates any policy conclusions. EIA issues a wide range of weekly,
monthly and annual reports on energy production, stocks, demand, imports, exports, and
prices, and prepares analyses and special reports on topics of current interest [1].
Who uses EIA’s products?
EIA’s data and analyses are widely used by Federal and state agencies, industry, media,
researchers, consumers, and educators. All of EIA’s products can be accessed through its Web
site, http://www.eia.doe.gov, which logs more than 2 million user sessions a month [1].
Review
“ First, the Department of Energy’s Energy Information Administration (EIA)
collects and reports data voluntarily provided by oil- and gas-producing states.
Because EIA has no authority to require states to report, some do not, leading to
incomplete data. Second, EIA has provided limited guidance to states to promote
consistent reporting. As a result, only about one-fourth of the states reporting
provide data that EIA considers consistent. Third, the data EIA collects do not
distinguish between flared gas and vented gas—an important distinction since they
have dramatically different environmental impacts. Data on flaring and venting
outside the United States are also limited, since many countries report unreliable
data or none at all. To improve data on flaring and venting, EIA could use its
authority to collect data directly from oil and gas producers; to obtain more
consistent data, EIA could improve its guidelines for reporting. From an
environmental perspective, EIA, the Minerals Management Service, and the Bureau
of Land Management could require flaring and venting data to be reported
separately from each other. Globally, the federal government could set an example
by continuing to improve U.S. data, continuing to support global efforts, and using
U.S. satellite data to detect unreported flaring” [2].
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Appendix 2: GGFR

http://web.worldbank.org/ggfr
Contact : François Régis Mouton <fmouton@worldbank.org>

Launched at the World Summit on Sustainable Development in August 2002, the Global Gas
Flaring Reduction public-private partnership (GGFR) brings around the table representatives
of governments of oil-producing countries, state-owned companies and major international oil
companies so that together they can overcome the barriers to reducing gas flaring by sharing
global best practices and implementing country specific programs.
The GGFR partnership, a World Bank-led initiative, facilitates and supports national efforts to
use currently flared gas by promoting effective regulatory frameworks and tackling the
constraints on gas utilization, such as insufficient infrastructure and poor access to local and
international energy markets, particularly in developing countries.
Poverty reduction is also an integral part of the GGFR program, which is developing concepts
for how local communities close to the flaring sites can use natural gas and liquefied
petroleum gas (LPG) that may otherwise be flared and wasted. The program has already
evaluated opportunities for small-scale gas utilization in several countries.
GGFR delivers results
-

-

-

-

Ten major oil companies, the OPEC Secretariat and 14 countries that contribute a
significant share of the world’s total flaring (about 70 percent) have already joined
GGFR.
The majority of partners have endorsed a Global Standard for gas flaring reduction.
GGFR is implementing demonstration projects for associated gas utilization in eight
countries.
GGFR is assisting Algeria, Cameroon, Equatorial Guinea, Kazakhstan, Nigeria, and
Qatar to meet identified dates for zero flaring, through increased collaboration
between operators, the national oil company and the regulator.
Potential avoided flared gas, through GGFR facilitated carbon projects, is
approximately 12 billion cubic meters per year (or 423 billion cubic feet), equivalent
to 115 million tons of CO2 emissions reduction by 2012.
GGFR has developed a unique web-based tool to report flared and vented data by
country. The data tool will be implemented in GGFR partner countries, starting with
Cameroon, Nigeria, Algeria and Qatar.
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Appendix 3: CDIAC

http://cdiac.ornl.gov/
Contact : Dale Kaiser <kaiserdp@ornl.gov>

The Carbon Dioxide Information Analysis Center (CDIAC) is the primary climate-change
data and information analysis centre of the U.S. Department of Energy (DOE) since 1982.
CDIAC is located at DOE's Oak Ridge National Laboratory (ORNL) and includes the World
Data Centre for Atmospheric Trace Gases.
CDIAC's data holdings include records of the concentrations of carbon dioxide and other
radiatively active gases in the atmosphere; the role of the terrestrial biosphere and the oceans
in the biogeochemical cycles of greenhouse gases; emissions of carbon dioxide to the
atmosphere; long-term climate trends; the effects of elevated carbon dioxide on vegetation;
and the vulnerability of coastal areas to rising sea level.
CDIAC provides data management support for major projects, including the AmeriFlux
Network, continuous observations of ecosystem level exchanges of CO2, water, energy and
momentum at different time scales for sites in the Americas.
CDIAC is supported by DOE's Climate Change Research Division of the Office of Biological
and Environmental Research.
CDIAC responds to data and information requests from users worldwide investigating the
greenhouse effect and global climate change.
The CO2-emissions database is derived from a variety of sources and requires considerable
data processing, selection, and integration. Each of the data sets used for calculating the CO2emission estimates is checked carefully. CDIAC works with the UN Statistical Division
annually to quality assure each new version of the UNSTAT Database. Although the review
process is unable to detect some kinds of data problems, it does confirm that the UNSTAT
Database meets high standards of data management and internal consistency.
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Appendix 4: FAO
FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS
helping to build a world without hunger

http://www.fao.org/
www.fao.org/forestry/site/help/en

The Food and Agriculture Organization of the United Nations leads international efforts to
defeat hunger. Serving both developed and developing countries, FAO acts as a neutral forum
where all nations meet as equals to negotiate agreements and debate policy. FAO is also a
source of knowledge and information. We help developing countries and countries in
transition modernize and improve agriculture, forestry and fisheries practices and ensure good
nutrition for all. Since our founding in 1945, we have focused special attention on developing
rural areas, home to 70 percent of the world's poor and hungry people. FAO's activities
comprise four main areas:
-

Putting information within reach;
Sharing policy expertise;
Providing a meeting place for nations;
Bringing knowledge to the field.

FAO is governed by the Conference of Member Nations, which meets every two years to
review the work carried out by the Organization and approve a Programme of Work and
Budget for the next biennium.
The FAO Forestry Web site provides literally thousands of pages of information, access to all
of FAO’s forest-related databases, detailed country profiles and links to documents on all
aspects of forestry. Recent additions include new sites on forest fire, national forest
programmes and forest reproductive material, among others.
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Appendix 5: Plastics – Europe

http://www.plasticseurope.org/

PlasticsEurope represents the plastics manufacturers in Europe. The association has more than
60 member companies, producing over 90% of polymers across Europe's 25 member states
plus Bulgaria, Croatia, Norway, Romania, Switzerland and Turkey. PlasticsEurope operates
from six decentralised offices: one in Brussels and five regional centres (Central, Iberia,
Mediterranean, North and West) located in France, Germany, Italy, Spain and the UK.
PlasticsEurope represents well over 90% of Europe's plastics raw materials production
capacity. The plastics chain in Europe - including converters and machinery manufacturers employs over 1.6 million people. The combined turnover of our industry is in excess of 160
billion euro per annum.
Aims and Objectives
On behalf of more than 60 member companies, PlasticsEurope generates information on the
polymer industry and promotes plastics' positive contribution to society, both today and in the
future. To achieve this, the Association aims to:
- Provide effective industry solutions for plastics - related issues;
- Represent the interests of the industry in general;
- Define and communicate industry's views on issues related to plastics production, use
and waste treatment;
- Generate and promote factual information to ensure that a balanced view of plastics is
presented to European institutions, media, consumers and pressure groups;
- Safeguard free trade for its products.
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