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En studie av världens oljeresurser med en jämförelse mot IPCCs 
utsläppsscenarier 
Anders Sivertsson, Institutionen för Strålningsvetenskap  
Dagens samhälle är väldigt beroende av olja och gas, ungefär 65% av världens totalt 
producerade primärenergi produceras av just olja och gas. På grund av de enorma 
mängder olja som konsumeras varje år uppkommer diskussioner om oljan kommer att 
ta slut i framtiden. Ett annat ämne för diskussion inom samma område är de mängder 
av CO2-utsläpp som härrör från förbränning av fossila bränslen. Syftet med detta 
examensarbete var för det första att uppdatera en omfattande databas på världens 
oljetillgångar samt årlig oljeproduktion och oljefyndigheter. Vidare gjordes också en 
uppskattning av hur mycket olja som kommer att hittas samt produceras i framtiden. 
En andra del av examensarbetet jämför databasens framtida olje- och gasproduktion 
med samma siffror från IPCCs 40 utsläppsscenarier. 

Resultatet från den uppdaterade databasen visar på en total mängd råolja som kommer 
att hittas i världen av 1900 Gigafat. Till och med år 2002 hade 1713 Gigafat redan 
hittats, och 187 Gigafat finns kvar att hitta i framtiden. Vidare har 891 Gigafat råolja 
redan producerats fram till och med år 2002, vilket betyder att det finns 822 Gigafat 
kvar att producera i framtiden. 

Resultatet från jämförelsen mellan siffror på olje- och gasproduktion från den 
uppdaterade databasen och IPCCs utsläppsscenarier visar på stora olikheter. Hela 
spannet av de 40 IPCC-scenarierna på producerad primär energi från olja och gas 
mellan 1990 och 2100 är högre än vad den uppdaterade databasen visar på vara 
möjligt. I de flesta av IPCCs 40 scenarier är den totala olje- och gaskonsumtionen 
under 1990 – 2100 mer än dubbelt så stor än den mängd olja och gas som den 
uppdaterade databasen visar att det finns tillgängligt. 

Observera att syftet med detta examensarbete är att uppskatta de olje- och gasresurser 
som IPCC använder i sina utsläppsscenarier, examensarbetet berör inte frågan om 
klimatförändring är ett problem eller ej. 
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Abstract 
Study of World Oil Resources with a Comparison to IPCC 
Emissions Scenarios 
Anders Sivertsson, Department of Radiation Sciences 
Our society today is very dependent on oil and gas, almost 65% of the total primary 
energy consumption in the world is produced from oil and gas. Due to the vast 
amounts of oil consumed every year, discussions occur regarding whether we will, or 
will not, run out of oil in the future. Another topic of discussion is the amounts of CO2 
emissions from the burning of fossil fuels. The purpose of this M.Sc. thesis work was, 
firstly, to upgrade a substantial database on world oil and gas resources, including 
annual discovery and production. An estimate is also made about how much more oil 
and gas that will be discovered and produced. Secondly, the oil and gas production is 
compared to the production predicted in IPCC’s 40 emissions scenarios. 

The result from the updated database shows that the ultimate amount of crude oil to 
be discovered in the world is 1900 Gigabarrels (Gb). Including the year 2002, 1713 
Gb is already discovered, which leaves 187 Gb to be discovered in the future. 
Furthermore, 891 Gb of crude oil had already been produced at the end of 2002, 
which leaves 822 Gb to be produced in the future. 

The result from the comparison between the updated database and IPCC’s oil 
production numbers in their 40 emissions scenarios shows big anomalies. The whole 
range of IPCC’s 40 scenarios on primary energy production from oil and gas between 
1990 and 2100 is higher than what the updated database shows as possible. In most of 
IPCC’s 40 scenarios the oil and gas consumption between 1990 and 2100 is more than 
twice as large as what the updated database shows possible. 

Note that the purpose of this M.Sc. project work is to quantify the resource base used 
in the IPCC emissions scenarios, it does not evaluate whether climate change is, or 
will be, a problem. 
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1 Introduction 
 

 

“When I get new information, I change my conclusions.  
What do you do, Sir?” 

/Meynard Keynes 

 

Almost 65% of the total primary energy consumption in the world is produced from 
oil and gas. [1]  Oil also provides for 40% of the traded energy and 90% of transport 
fuel. [2] Being this dependent on oil and gas, quite a few questions are put forward 
from time to time. A few examples of questions are listed below. 

1. How was oil and gas formed? 

2. Will we run out of oil and gas? In that case when? 

3. Will we continue to be this dependent on oil and gas? 

4. How much oil and gas have we used already? 

5. How much oil and gas is left to use? 

There are many different questions but also many different answers. The first question 
has many different answers in the literature. In 1980, though, came a geochemical 
breakthrough that made it possible to relate the oil in a well with the rock in which it 
was generated. This in turn led to an understanding of the exceptional conditions 
needed for oil and gas to form in nature. 

The first part of the second question has a very simple answer – never. The last 
barrels of oil will be too expensive and will never be sold due to the economic laws 
explaining demand and supply. Furthermore, there will always be an amount of oil 
left in every field after production has ended. The second part of the question will 
now automatically have been answered. 

The last three questions are somewhat combined and are widely discussed and 
debated in literature and media. Different views, e.g. scientific, corporate and 
economic, will give different answers. 

 

1.1 Oil Depletion Model 
 

ASPO – The Association for the Study of Peak Oil and Gas, has for years performed 
research in world oil and gas discovery and production. Amongst others, the founder 
of ASPO, Dr. Colin J. Campbell has over 40 years of experience in the oil business. 
ASPO has had two international workshops on oil depletion, 2002 in Uppsala and 
2003 in Paris. 

In January 2003 a research group was founded by Dr. Campbell and professor Kjell 
Aleklett, Uppsala university, called UHDSG – Uppsala Hydrocarbon Depletion Study 
Group. This group is working in close collaboration with members of ASPO. Dr. 
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Campbell has a substantial database on oil and gas discovery and production in an oil 
depletion model. This model is a product of many years research, but also a widely 
used source.  

The oil depletion model has changed over the years because of new data, information, 
classifications, and assumptions, and was by the end of 2002 in need of an upgrade. 
One of UHDSG’s research projects, funded by the Swedish Energy Agency, is the 
upgrade of the oil depletion model. 

Fore more information on oil and gas discovery and production, see [2]. 

For more information about ASPO and its agenda see www.peakoil.net. More 
information about UHDSG see www.isv.uu.se/UHDG/welcome.html. 

 

1.2 Special Report on Emission Scenarios 
 

The World Meteorological Organisation (WMO) and the United Nations Environment 
Programme (UNEP) established in 1988 the Intergovernmental Panel on Climate 
Change (IPCC). The task of IPCC was to assess the scientific, technical, and socio-
economic information relevant for the understanding of the risk of human-induced 
climate change. IPCC has, through the years, produced a series of assessment reports 
on the state of understanding of causes of climate change, its potential impacts, and 
options for response strategies. IPCC has also prepared special reports, technical 
papers, methodologies and guidelines. These IPCC publications have become 
standard works of reference, widely used by policymakers, scientists, and other 
experts. 

There are many things involved trying to explain how the climate will change in the 
coming century. The change will depend on how human societies develop in terms of 
demographic and economic development, technological change, energy supply and 
demand, and change of land use.  

The IPCC Special Report on Emission Scenarios (SRES) describes 40 new scenarios 
of the future and predicts greenhouse gas emissions associated with such 
developments. These scenarios are based on reviews of the literature, the development 
of narrative storylines and the quantification of these storylines with the help of six 
different integrated models from different countries. The report illustrates that future 
emissions, even in the absence of explicit climate policies, depend very much on the 
choices people make: how economies are structured, which energy sources are 
preferred, and how people use available land resources.  

Scenarios can be seen as images of the future, or alternative futures. They are neither 
predictions nor forecasts. Different assumptions about the future help create different 
images of how the future might unfold.  

“The IPCC Special Report on Emission Scenarios is the most comprehensive and 
state-of-the-art assessment available of greenhouse gas emissions scenarios and 
provides invaluable information for industry, policy-makers, environment 
organizations and researchers in global change, technology, engineering and 
economics.” [3] 

For more information on IPCC and SRES see www.ipcc.ch. 
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1.3 United Nations Framework Convention on Climate Change 
 

In the past, the global climate changed human beings, today human beings seem to be 
changing the global climate. The reasons for this are our industries, transports, and 
other activities. The results are uncertain, but if present predictions are correct, the 
climate change over the coming century will be greater than ever. We have, and we 
are still, changing the composition of gases in the atmosphere, including such key 
greenhouse gases as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). 
The most important greenhouse gas is water vapour, but it is not directly affected by 
human activities. These naturally occurring gases make up less than one tenth of one 
per cent of the total atmosphere. They form a vital insulating layer around the world, 
keeping the temperature at present level and not 30°C colder, as it would be without 
it. The problem is that CO2 from human activity, for instance from burning oil, gas, 
and coal, is increasing the insulating effect of the layer. The effects from greenhouse 
gas emissions are hard to predict, and they are uncertain according to some scientists, 
who are trying to understand them more clearly. 

While waiting for results from the scientists, countries around the world have joined 
together to confront the problem of greenhouse effect. In a convention from 1992, 
United Nations Framework Convention on Climate Change (UNFCCC), many 
countries got together with the aim of meeting the challenge of the greenhouse effect 
and climate change. This convention was a product of IPCC’s research results from 
1988 – 1990. [4] Some 185 states have ratified and are legally bound by it. The treaty 
took effect on March 1994. 

For more information on UNFCCC see [4]. 

 

1.4 Purposes of Project 
 

One purpose of this Master of Science project was to make a comprehensive upgrade 
of the oil depletion model and its database. The model must have consistent 
assumptions and classifications. New assumptions and results concerning oil and gas 
production and discovery were available in the literature, and were therefore, to be 
used in the model.  

As a second purpose of the project, the results from the upgraded oil depletion model 
were to be compared to SRES’s 40 scenarios of future primary energy production, 
described in the SRES. The comparison was made in order to see if the 40 scenarios 
describe a realistic future concerning energy production and CO2 emission. 

As the last purpose of this project, a comparison was to be made between SRES’s 40 
scenarios of anthropogenic CO2 emissions and UNFCCC, with its Kyoto protocol. 

In order to succeed with the purposes of this project, the work was divided into 
different parts, which are descried below. 

1. The upgrade of the oil depletion model. 

2. A study on IPCC and SRES, in order to understand the background to the 40 
scenarios. 
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3. The comparison between SRES’s 40 scenarios on world primary energy 
production and the results from the upgraded oil depletion model. 

4. A study on UNFCCC and the Kyoto protocol, in order to understand what the 
protocol says about future CO2 emission. 

5. The comparison between SRES’s 40 scenarios on CO2 emission and the Kyoto 
protocol. 
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2 Oil Depletion Model 

 

2.1 Understanding the Model 
 

The Association for the Study of Peak Oil and gas (ASPO), and the founders of it, 
have for years tried to collect data concerning world oil production, discovery, and 
reserves. A huge problem has been to continuously try to improve the data in order to 
have a reliable base for modelling depletion and to predict the date of peak production 
and the beginning of decline. The existing public data is by ASPO considered to be 
unreliable and in some cases even intentionally misleading. (See the paragraph about 
the OPEC “quota war” below.) Therefore, there is a necessity to use all potential, 
including confidential, sources and the contacts with people who are, or have been, in 
the business, in order to get the data considerably more reliable. The building of the 
model has been ongoing for 10 years. More details, new information, and new 
insights are obtained over time, which calls for adjustments of the model. No major 
revision to the basic principle has been needed, as the model provides an adequate 
base for answering questions raised about oil production, discovery, and reserves. 

There are at least two different ways of looking at depletion of oil. Firstly, through the 
eyes of the natural scientists, with practical experience of the oil business, which have 
taught them to observe nature and to utilise the laws of physics. Secondly, those 
classical economists, who do not see resource limitations happen in an open market. 
This updated model is based on accumulated knowledge and experience of people 
who have had drilling and exploration throughout the world as their profession. 

 

2.2 Oil Classification 
 

With the intention of modelling various sorts of oil and gas as accurately as possible, 
different properties have to be taken into consideration separately. Examples of 
properties that differ are the depletion profile, how it exists in nature. Other properties 
are costs and characteristics of the oil and gas. These are different ways of describing, 
for instance, physical constraints limiting production, such as production capacity 
from a source, the means of production from the source, and the distribution capacity 
to the market. Therefore, oil and gas in the model are separated into different 
categories. Terms as conventional and unconventional are commonly used as 
category descriptions. In this model the term regular oil is used to avoid confusions. 
The category regular oil is defined as crude oil excluding the following categories of 
non-regular oils: 

• Oil produced from Coal and Shale 

• Oil produced as Bitumen1 

                                                 
1 A generic name for various viscous or solid mixtures of native hydrocarbons, which have lost most of 
their gaseous material, e.g. Asphalt. [5] Alternatively, the hydrocarbons are young and have yet to 
mature to light oil. [6] 
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• Heavy Oil – Oil with an API2 -gravity <17,5°3 

• Extra Heavy Oil – Oil with an API-gravity <10°4 

• Polar Oil – Oil produced from polar areas, e.g. Alaska and Siberia. 

• Deepwater Oil – Oil produced from underneath the ocean floor at water 
depths >500 metres 

• Natural Gas Liquids (NGL), produced from gas fields and gas plants 

These categories, read non-regular oils, are also important and are of course not 
excluded from the model, but treated separately due to the different characteristics 
explained above. There are great difficulties to define accurate boundaries between 
the different categories in the data available. To date, regular oil has been the 
dominating part in world oil production according to official numbers, and will most 
probably continue to be in the future. Therefore, regular oil will be controlling the 
peak of all production and is for that reason the focus of this study. Gas-liquids are 
particularly tricky. Gas brought up from gas-capped oilfields can condense when 
reaching the surface, becoming condensate. The condensate is mixed with the oil and 
is therefore treated accordingly in the model. When the liquids are condensed from 
gas in gas fields or produced from gas plants they belong to a separate category, since 
the condensates in this case will deplete in relation to the gas and not the oil. This is in 
the model determined by looking at the discovery of both oil and gas. Condensate 
from gas fields greater than 5000 Tcf (trillian cubic feet) is excluded and treated as 
non-regular oil.  

Another expression that should be explained early is what in this report is meant by 
the expression reserves. Reserves, or proved reserves, are described as “the estimated 
quantity of oil or gas which geological and engineering data demonstrate with 
reasonable certainty to be recoverable from known reservoirs under existing 
economic and operating conditions.” [7] The reasonable certainty in the case of the 
oil depletion model is what people working in the area call the P50, i.e. a 50% 
certainty. 

 

2.3 Backdating 
 

Backdating is an important approach considering discovery, used in this model and by 
ASPO in general. An oilfield is considered found by the first borehole producing oil. 
All oil ever produced from that field, regardless of economic or technical 
circumstances, are backdated to the date of the discovery borehole. By using 
backdating the actually falling discovery trend becomes evident. Furthermore, the 
trend can be extrapolated and it can give a good estimate of what is yet to discover. 

                                                 
2 A measure of the density of liquid petroleum products, expressed in degrees. Derived from: 

)5,131(5,141)(deg −⋅=
GravitySpecific

reesGravityAPI [8] 

3 Private communication C.J. Campbell [9] 
4 Rogner [10] 
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2.4 Oil Production 
 

In order to, as accurately as possible, predict the future oil production for different 
countries, these are divided into groups describing their relation to the important 
parameter midpoint of depletion. The midpoint is defined as the year when the 
country has produced half the amount of oil that it can ultimately produce, from both 
known and unknown fields. The parameter depletion rate is described as the ratio 
between how much oil is produced one year and the total amount of oil yet to produce 
prior to that same year. The three main groups are as follows: 

1. Countries that are past their midpoint of depletion – future production is 
expected to decline at the current depletion rate. 

2. Countries that have not yet reached its midpoint of depletion – future 
production is assumed to be flat or to rise to the midpoint, decided 
independently for each country. After the midpoint, production will continue 
with a constant depletion rate (the midpoint depletion rate) resulting in an 
exponentially declining production. These assumptions have little effect to the 
overall outcome of the model, as most countries are already close to their 
midpoint. 

3. Countries playing a swing role. The swing countries are the five major oil-
producing countries of the Middle East (Abu-Dhabi, Iran, Iraq, Kuwait, and 
Saudi-Arabia including the Neutral Zone, owned jointly by Kuwait and Saudi 
Arabia). The non-swing countries are therefore all other oil producing 
countries. The production from the swing countries is assumed to make up the 
difference between production from the rest of the world, within the 
countries’ modelled physical limits, and world demand under alternative 
scenarios. The amount of oil each swing country is allowed to produce is 
based on their share of the amount left to produce among the OPEC countries 
(see table 2). Still, the countries’ individual past midpoint depletion is 
considered. Saudi Arabia is considered as a swing producer within the region, 
making up the difference between the regional total production and what the 
individual countries can produce according to the model. 

 

2.4.1 Production Scenarios 
There are five alternative scenarios of world demand considered in the model, but the 
emphasis is put on the base case scenario. The five scenarios are shown in figure 1, 
and explained below. 

1. Very high scenario – World demand and production of regular oil is assumed 
to increase by 2% annually, until the swing countries’ share of production 
reaches 40%. Thereafter, demand and production is assumed to be flat until 
the same share exceeds 50%, after which it starts to decline at that year’s 
depletion rate. 
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Figure 1. The world oil production up to date and the five scenarios of world oil production and 
consumption described in the oil depletion model. Note that the more oil that is produced today, the less 
is to be produced in the future. Therefore in the Very High Scenario there will be less oil left to produce 
after 2050 than in the Very Low Scenario. 

2. High scenario – World demand and production of regular oil is assumed to 
increase by 1% annually. As in the very high scenario, a demand and 
production plateau is assumed during the time the swing countries’ share of 
production is between 40 – 50%. Thereafter decline starts at the year the share 
exceeded 50% and at the depletion rate of that year. 

3. Base Case scenario – World demand and production of regular oil will be flat 
until 2010 Thereafter, the demand upon the swing countries will exceed their 
production capability, which brings their swing role to an end. Thereafter 
production is assumed to decline at the depletion rate of 2010. 

4. Low scenario – World demand and production of regular oil is assumed to 
decrease by 1% annually until the swing countries’ share exceeds 50% and 
thereafter decline at that year’s depletion rate. 

5. Very low scenario – World demand and production of regular oil is assumed 
to decrease by 2% annually until the swing countries’ share exceeds 50% and 
thereafter decline at that year’s depletion rate. 

 

2.5 Oil Reserves 

Modelling the production and discovery of each country was started by collecting data 
from the journals World Oil and Oil & Gas Journal. Reported proven reserves was 
evaluated and adjusted with the purpose of removing the non-regular oils where 
identification of these was possible. The number was also adjusted to eliminate 
greater anomalies due to the OPEC “quota war” in the late 1980s. Most OPEC 
countries increased their reserves extremely from one year to the other, mainly in 
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order to increase their production share. These increases can be seen in table 1. The 
numbers are then adjusted to give a more reasonable estimate of the amounts in reality 
left to produce from known fields, according to ASPO members(5). A quantitative 
estimate is also made regarding what ultimately may be produced from each country. 
The estimate is mainly based on previous discovery pattern, which is used to forecast 
future drilling activity and discovery. 

It is an iterative process that requires common sense and great input from people(5) 
with experience in this field to facilitate reasonable estimates despite all the 
conflicting information.  

 
Table 1: This table shows OPEC countries’ yearly reported reserves in Gb from 1980 to 2002. Blue 
numbers show unaltered reserves for many years in a row. Yellow fields show the extremely increased 
reserves from one year to the other, described in the text as the OPEC “quota war”. Yearly published 
reserve data from Oil and Gas Journal. [11] 

Abu Dubai Iran Iraq Kuwait Neutral Saudi Venezuela
Dhabi Zone Arabia

1980 28 1,4 58 31 65 6,1 163 18
1981 29 1,4 58 30 66 6 165 18
1982 31 1,4 57 30 65 5,9 165 20
1983 31 1,4 55 41 64 5,7 162 22
1984 30 1,4 51 43 64 5,6 166 25
1985 31 1,4 49 45 90 5,4 169 26
1986 30 1,4 48 44 90 5,4 169 26
1987 31 1,4 49 47 92 5,3 167 25
1988 92 4 93 100 92 5,2 167 56
1989 92 4 93 100 92 5 170 58
1990 92 4 93 100 92 5 258 59
1991 92 4 93 100 95 5 258 59
1992 92 4 93 100 94 5 258 63
1993 92 4 93 100 94 5 259 63
1994 92 4 89 100 94 5 259 65
1995 92 4 88 100 94 5 259 65
1996 92 4 93 112 94 5 259 65
1997 92 4 93 113 94 5 259 72
1998 92 4 90 113 94 5 259 73
1999 92 4 90 113 94 5 261 73
2000 92 4 90 113 94 5 259 78
2001 92 4 90 113 94 5 259 78
2002 92 4 90 113 94 5 259 78

 

2.6 Model Structure 
 

2.6.1 Main Structure 
The whole model is built on spreadsheets within the software Microsoft Excel. There 
is one Excel file for each region of the world and in every file (read region) there is 
one spreadsheet for each country. The regions, and the countries included therein, can 

 9

                                                 
(5) e.g. Campbell, C.J. and Laherrère, J.H. See www.hubbertpeak.com for more information on them. 



be seen in table 2 and figure 2. Furthermore, three regions have constellations of 
countries describing e.g. smaller regions of production. These constellations can be 
seen as the group of underlined countries, listed in the third column in the same table. 
Every file has got four spreadsheets in common: 

• One regional spreadsheet where all the data from each country in that region 
are summed. 

• One summary spreadsheet where the central data from every country are 
summarised and displayed. 

• One spreadsheet containing graphs for every country, constellation and for 
the region as a whole. 

• One spreadsheet listing all the giant oil fields6, and their sizes, in each region 
by country. 

There are also a number of spreadsheets in some of the regions depicting individual 
calculations needed in order to obtain appropriate data for certain countries. For 
instance there is one spreadsheet describing the five scenarios of the future world oil 
production, or consumption, described earlier. These scenarios distinguish what effect 
the world production/consumption will cause to the production of the Middle East 
Gulf countries. This is explained earlier as the swing role. Other additional 
spreadsheets explain e.g. the production of deep oil in Latin America and Africa and 
the oil production from the different fields in Alaska. 

 

2.6.2 Spreadsheet Structure 

At the top of each country’s spreadsheet the name and the region it belongs to are 
displayed. The different regions the world has been divided into in this model can be 
seen in figure 2. The header also informs about what version it is and the last date it 
was revised. The version is determined by the year of the most recent production, i.e. 
if the last obtained production data is of 2002, the version becomes 2002. The 
following group of cells is a summary of the central data in the spreadsheet as well as 
trends and comparisons. Below that the main data of production, discovery, and 
wildcats7 is listed by year from 1930 through 2050. Data on production, discovery,  

and wildcats before 1930 are summed into the field ‘Pre-1930’. For every year up 
until the most recent the numbers put in are known from, amongst others, ASPO’s 
archives and journals such as World Oil and Oil & Gas Journal. The journals present 
these numbers in the first issue every year. The columns these data are put into are: 

                                                 
6 An oilfield with reported reserves larger than 0,5Gb. [2] 
7 An exploration well drilled in an area where no oil or gas has been produced. [8] 
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♦ North America    ♦ Latin America    ♦ Europe    ♦ Africa    ♦ Eurasia     

♦ Far East               ♦ Middle East Gulf  ♦ Middle East others 
 

Figure 2: The world has been divided into different regions in the model, as each region, and its 
countries, has their own Excel file.  

• Production [kb/d] 

• Number of Wildcats 

• Discovery 

- Giant oil fields 

- Oil 

- Condensate 

- Gas 

The other columns are calculated from these data, for instance in the Cumulative 
columns, the data is summed for each year in order to get the cumulative amount. To 
convert numbers into other units, simple conversion factors are used, see (1) below. 

Gb/a 103,65 ar barrels/ye 10365 y barrels/da 101  kb/d 1 -433 ⋅=⋅=⋅=          (1) 

Furthermore, the column Yet-To-Produce is simply the countries’ or the regions’ 
Ultimate with the cumulative production for that year subtracted. Another very 
interesting parameter included in this model is the Depletion Rate, explained earlier.  

There is another column at the end of the spreadsheet explaining the peak lag in years 
between the peak of discovery and the peak of production. The numbers are used to 
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plot the discovery pattern on top of the pattern of production in order to make an 
assumption about future production based on the discovery to date. 
Table 2. A description of the different regions of the world, used in the model, and the countries 
therein. Some regions have other groups of interest described in the rightmost column, these are 
smaller internal regions of production. The blue coloured countries are all members of OPEC. 

 

 Region Countries Underlined Group 

World Africa Algeria, Angola, Cameroon, Congo, 
Egypt, Gabon, Libya, Nigeria, Sudan 
and Tunisia. 

 

 Eurasia Albania, Azerbaijan, China, Croatia, 
Hungary, Kazakhstan, Romania, 
Russia, Turkmenistan, Ukraine and 
Uzbekistan. 

Former Soviet Union 
(F.S.U.) 

 Europe Austria, Denmark, France, Germany, 
Italy, Netherlands, Norway and the 
United Kingdom. 

North Sea 

 Far East Australia, Brunei, India, Indonesia, 
Malaysia, Pakistan, Papua-New 
Guinea, Thailand and Vietnam. 

 

 Latin America Argentina, Bolivia, Brasil, Chile, 
Colombia, Ecuador, Mexico, Peru, 
Trinidad and Venezuela. 

 

 Middle East Gulf Abu Dhabi, Iran, Iraq, Kuwait, Neutral 
Zone and Saudi Arabia. 

Swing Countries 

 Middle East (Other) Bahrain, Dubai, Oman, Qatar, Sharjah, 
Syria, Turkey and Yemen. 

 

 North America Canada and the USA  

 Other Small and future producers. 

⇒ Afghanistan, Ajnan, Bangladesh, Barbados, 
Belarus, Benin, Bulgaria, Cambodia, Chad, 
Congo (Zaire), Cuba, Czech Republic, 
Equatorial Guinea, Ethiopia, Falkland 
Islands, Georgia, Ghana, Greece, 
Guatemala, Ireland, Israel, Ivory Coast, 
Japan, Jordan, Kyrgyzstan, Latvia, Lithuania, 
Madagascar, Malaysia/Thailand, Moldova, 
Mongolia, Morocco, Mozambique, Myanmar, 
Namibia, New Zealand, Niger, Philippines, 
Poland, Ras al Khaimah, Senegal, Serbia, 
Slovakia, Somalia, South Africa, Spain, 
Suriname, Sweden, Switzerland, Taiwan, 
Tajikistan, Tanzania and Timor Gap. 

 

 Unforeseen Unforeseen oil that is yet to find.  

 

 12



2.7 Hubbert Curve 
 

At the bottom of each spreadsheet numbers for the Hubbert curve and the creaming 
curve hyperbola are calculated and presented. The Hubbert curve explains the 
theoretical oil production cycle. This is under the assumption of production without 
economical or political constraints. The area beneath the Hubbert curve is the same as 
the area beneath the predicted production curve, since they are both based on the 
ultimate amount of oil each country can produce. The Hubbert curve H is given 
below.  
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2.8 Creaming Curve Hyperbola 
 

If the cumulative wildcats are plotted against the cumulative discovery, a creaming 
curve is obtained. It can be fitted with a hyperbola,  the creaming curve hyperbola. 
The hyperbola models the amount of oil discovered per drilled wildcat. The discovery 
per drilled wildcat can be approximated by this hyperbola under the assumption that 
the largest fields are found first. Extended to e.g. twice as many wildcats as the 
present number, the hyperbola can give a good estimate of the amount of oil that will 
ultimately be produced by a country or region. This curve C is given below. Further 
information and description about the curves and formulas can be found on 
www.hubbertpeak.com.  
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3 SRES Scenarios 
 
The following chapter describes 40 different emission scenarios from the 
Intergovernmental Panel on Climate Change SRES, and their assumptions and 
uncertainties. 

In order to describe possible future emissions and their driving forces, the 
Intergovernmental Panel on Climate Change (IPCC) developed a set of four scenario 
families. Altogether these families comprise 40 scenarios described in IPCC’s Special 
Report on Emissions Scenarios – SRES. To simplify the procedure of depicting 
alternative future developments each of the four scenario families is described by a 
specific storyline. Each of the six participating modelling teams used computer 
models and experience considering long-range development of economic, 
technological, and environmental systems to generate different quantifications of the 
storylines, which develop the different scenarios. The different modelling teams can 
be seen in table 3. All scenarios derived from the same storyline constitute the 
scenario family. Each scenario future is described by a storyline based on the 
following variables: 

• Demographic 

• Social 

• Economic 

• Technological 

• Environmental 

• Policy  
Table 3. The six modelling teams that developed the 40 SRES scenarios. Both the abbreviations and 
the teams’ origins are explained. 

Abbreviation Full name Origin 

AIM Asian Pacific Integrated Model National Institute of Environmental 
Studies (NIES) in Japan 

ASF Atmospheric Stabilization 
Framework Model 

ICF Consulting in the USA 

IMAGE Integrated Model to Assess the 
Greenhouse Effect 

National Institute for Public Health 
and Hygiene (RIVM) in the 
Netherlands 

MARIA Multiregional Approach for 
Resource and Industry 
Allocation 

Science University of Tokyo in Japan 

MESSAGE Model of Energy Supply 
Strategy Alternatives and their 
General Environmental Impact 

International Institute of Applied 
Systems Analysis (IISA) in Australia 

MiniCAM The Mini Climate Assessment 
Model 

Pacific Northwest National Laboratory 
(PNNL) in the USA 
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Storylines were formulated by the writing team in a process that identified driving 
forces, key uncertainties, possible scenario families, and their logic. Within each 
family different scenarios explore variations of global and regional developments and 
their implications for greenhouse gases (GHG). There is no business-as-usual or 
disaster scenario and it was also decided that possible surprises would not be 
considered. However, a future considered as negative by some people may be seen as 
positive by others. The storylines represent scenario families that can include both 
success and failure, depending on the viewpoint of the beholder. So-called disaster 
scenarios typically involve large-scale environmental or economic collapses, and 
extrapolate current unfavourable conditions and trends in many regions. Many of such 
scenarios suggest that catastrophic developments may draw the world into a state of 
chaos within one or two decades. In such scenarios GHG emissions might be low 
because of low or negative economic growth, but it seems unlikely they would receive 
much attention in the light of more immediate problems. Hence, SRES does not 
analyse such futures. 

The titles of the storylines have been kept simple: A1, A2, B1, and B2. They are 
shown very straightforwardly as a two-dimensional tree (Figure 3). The two 
dimensions shown indicate the global – regional and the economic – environment 
orientation, respectively. The A1 storyline branches out into several groups of 
scenarios, for instance one that explores fossil-intensive developments in the energy 
system. The separation into different scenario groups was introduced to the A1 
scenario described by its high growth with high technology nature, in which 
differences in alternative technology developments account for large differences in 
future GHG emission levels. Because of this the A1 scenario family requires more 
explanation than the other three. 

 
Figure 3. Schematic illustration of SRES scenarios. The four scenario “families” are shown, very 
simplistically, as branches of a two-dimensional tree. Each scenario family is based on a common 
specification of some of the main driving forces. The A1 storyline branches out into several 
groups of scenarios to illustrate that alternative development paths are possible within one 
scenario family. The figure is taken from IPCC’s SRES. [3]
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The four storylines and scenario families describe future worlds that are generally 
wealthier compared to the current situation. They range from very rapid economic 
growth and technological change to high levels of environmental protection, from low 
to high global populations, and low to high GHG emissions. Furthermore, they do not 
include additional climate initiatives such as policies to limit GHG gases or to adapt 
to the expected global climate change. These four scenario families are also 
representative of a broad range of scenarios found in the literature, but not based on 
any of them in particular.  

Taking into consideration the immense development during the last century, it is hard 
to imagine what the next century will be like. Therefore, the main characteristics of 
each storyline assume a distinctly different direction for future developments. These 
are summarised in table 4. 

• The A1 storyline and scenario family describes a future world of very rapid 
economic growth, low population growth, and the rapid introduction of new and 
more efficient technologies. The key schemes are convergence among regions, 
capacity building, and increased cultural and social interactions, with a 
significant reduction in regional differences in per capita income. The storyline 
branches out into several groups of scenarios, for instance one that explores 
fossil-intensive developments in the energy system. 

• The A2 storyline and scenario family describes a very heterogeneous world. The 
key scheme is self-reliance and preservation of local identities. Fertility patterns 
across regions converge very slowly, which results in high population growth. 
Economic development is primarily regionally oriented and per capita economic 
growth and technological change are more fragmented and slower than in other 
storylines. 

• The B1 storyline and scenario family describes a convergent world with the 
same low population growth as in the A1 storyline, but with rapid changes in 
economic structures toward a service and information economy, with reductions 
in material intensity, and the introduction of clean and resource-efficient 
technologies. The emphasis is on global solutions to economic, social, and 
environmental sustainability, including improved equity, but without additional 
climate initiatives. 

• The B2 storyline and scenario family describes a world in which the emphasis is 
on local solutions to economic, social, and environmental sustainability. It is a 
world with moderate population growth, intermediate levels of economic 
development, and less rapid and more diverse technological change than in the 
B1 and A1 storylines. While the scenario is also oriented toward environmental 
protection and social equity, it focuses on local and regional levels. 
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Table 4. Main characteristics of development in the different scenario families and groups, as applied 
to harmonised scenarios. 

Family   A1  A2 B1 B2 

Scenario 
group 

A1C A1G A1 A1T A2 B1 B2 

Population 
growth 

Low Low Low Low High Low Medium 

GDP 
growth (a) 

Very 
high 

Very 
high 

Very high Very high Medium High Medium 

Energy 
use 

Very 
high 

Very 
high 

Very high High High Low Medium 

Land-use 
changes 

Low-
med. 

Low-
med. 

Low Low Medium-
High 

High Medium 

Resource 
availability 

(b) 

High High Medium Medium Low Low Medium 

Techno-
logical 

develop-
ment 

Rapid Rapid Rapid Rapid Slow Medium Medium 

Change 
favouring 

Coal Oil & 
Gas 

Balanced Non-
fossils 

Regional Efficien-
cy and 

de-
materiali
-sation 

“Dyna-
mics as 
usual” 

 (a) GDP = Gross Domestic Products 
(b) Resource availability of conventional and unconventional oil and gas. 
 
All the qualitative and quantitative features of scenarios belonging to the same family 
were set to match the corresponding features of the underlying storyline. Together, 26 
scenarios were harmonised to have the same common assumptions about global 
population and GDP (Gross Domestic Product) development. Although the scenarios 
share a few common assumptions they differ quite substantially in others. These 
assumptions are e.g. availability of fossil-fuel resources, the rate of energy-efficiency 
improvements, the extent of renewable-energy development, and the resulting GHG 
emissions. The remaining 14 scenarios explain alternative interpretations of the four 
scenario storylines, such as different rates of economic growth and variations in 
population projections. These variations reflect the modelling teams’ choice as an 
alternative to the harmonised scenarios. Another form of scenarios is the marker 
scenario, which are considered by the SRES writing team to be the most illustrative 
scenario of a particular storyline but are neither more nor less likely than any other 
scenario. 
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3.1 Scenario storylines 
 
3.1.1 A1 Storyline and Scenario Family 
The A1 storyline is described by rapid and successful economic development, where 
regional average income per capita converges, which means that current distinctions 
between poor and rich countries eventually disappear. The main dynamics are: 

• Strong dedication to market based solutions 

• High savings and dedication to education at the household level. 

• High rates of investment and improvement in education, technology, and 
institutions at the national and international levels. 

• International mobility of people, ideas, and technology  

The change to economic convergence is a result from advances in transport and 
communication technology, shifts in national policies on immigration and education, 
and international cooperation in the development of national and international 
institutions that improve productivity growth and technology diffusion. These 
scenarios are dominated by an American or European entrepreneurial, progress-
oriented perspective where technology, especially communication technology, plays a 
significant role. They underline market-oriented solutions, high consumption of 
products and services, advanced technology, and intensive mobility and 
communication. Three of these High Growth scenarios in the A1 family, generated 
with the MESSAGE model, are developed together with World Energy Council 
(WEC). In the A1 scenario family the trends in population growth are directly linked 
to the economic trends, as wealth is related to long life and small families (low 
mortality and low fertility). Global population grows to about nine billion by 2050 
and declines to about seven billion by 2100. 

Energy and mineral resources are rich in this scenario family as rapid technological 
progress reduces the amount of resources required for the same level of production 
and it increases the economically recoverable reserves. Furthermore there is an 
average annual decrease in the rate of final energy intensity (energy use per unit of 
GDP). Environmental improvements are valued and rapid technological progress 
makes it possible to use natural resources for other purposes than they are used for 
today. In this storyline the concept of environmental quality changes from present 
weight on conservation of nature to active management of natural and environmental 
services, which increases the ability of ecosystems to recover from disturbances. High 
incomes also translate into high car ownership, growing suburbs, and dense national 
and international transport networks. 

In the rapid changing world, which the A1 scenario family describes, several 
scenarios indicate uncertainty in the development of energy sources and conversion. 
Some scenario groups describe a carbon-intensive future comparable to the 
development strategy of countries that at present have abundant domestic coal 
resources. Other scenario groups describes an increasingly dependence on 
unconventional oil and gas resources. A third group of scenarios describes a future 
shifting towards renewable energy sources possibly also towards nuclear energy. A 
fourth group (including the A1 marker) predicts a diverse set of technologies and 
supply sources, with technology improvements and resource assumptions such that no 
single energy source is exceedingly dominant. These groups depict futures with a 
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significantly different amount of GHG emissions, from the carbon-intensive to the 
decarbonisation paths, they vary as much as all of the other driving forces across the 
other SRES scenarios. 

 

3.1.2 A2 Storyline and Scenario Family 
The A2 scenario family represents a differentiated world that is, compared to the A1 
storyline, characterised by lower trade flows, relatively slow capital stock turnover, 
and slower technological change. This future also depicts self-reliance in terms of 
resources and less weight on economic, social, and cultural interactions between 
regions. People, ideas, and capital are considered less mobile so that technology 
diffuses more slowly than in the other scenarios. With the weight on family and 
community life, fertility rates decline relatively slowly, which makes the A2 
population the largest among the storylines with 15 billion people by 2100. Global 
average income per capita in A2 is low compared to other storylines. 

The A2 scenario is a more heterogeneous world compared to A1 considering 
technological change. It is more rapid than average in some regions and slower in 
others, as industry adjusts to local resource capacity, culture, and education levels. 
Regions with richer energy and mineral resources become more resource-intensive 
economies. Other regions, poor in resources, put emphasis on minimising import 
dependence through technological innovation in order to improve resource efficiency 
and make use of alternative inputs. The resource availability in different regions 
mainly determines the fuel mix used. High-income but resource-poor regions shift 
towards advanced post-fossil technologies, such as renewable or nuclear energy, 
while low-income resource-rich regions generally rely on older fossil technologies.  

Because of the significant food requirements in the A2 world, agricultural 
productivity is one of the main focus areas for innovation and research, development, 
deployment efforts, and environmental concerns. Global environmental concerns are 
relatively weak, although attempts are made to bring regional and local pollution 
under control and to maintain environmental consideration. 

 

3.1.3 B1 Storyline and Scenario Family 
The B1 future describes a future containing a high level of environmental and social 
consciousness combined with a globally consistent approach to a more sustainable 
development. Environmental awareness might increase as clear evidence that impacts 
of natural resource use and global and regional pollution cause a serious threat to the 
continuation of human life on earth. In this storyline, governments, businesses, the 
media, and the public increase their interest in the environmental and social aspects of 
development. Technological change plays an important role.  

The B1 storyline has a balanced economic development and efficient efforts to 
achieve fair income distribution. Although B1, as A1, describes a fast-changing and 
convergent world, the priorities differ. The B1 world invests a large part of its gains in 
improved efficiency of resource use (dematerialisation), equity, social institutions, 
and environmental protection. In some places in the B1 world, people may not 
achieve the main social and environmental intentions of the mainstream. Vast income 
redistribution and probably high taxation levels may negatively affect the economic 
efficiency and functioning of world markets. Specific efforts are made to increase 
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resource efficiency to achieve the goals stated above. Systems of incitements, 
combined with advances in international institutions, allow the rapid diffusion of 
cleaner technology. Legislations are adopted to reduce material wastage by 
maximizing reuse and recycling. The combination of technical and organisational 
change generates high levels of material and energy saving, as well as reduction in 
pollution. 

Global population reaches nine billion by 2050 and declines to about seven billion by 
2100. This is a world with high levels of economic activity and important and 
intentional progress towards international and national income equality. Global 
income per capita is significantly lower than in A1. Of this income, more is spent on 
services than on goods, on quality rather than quantity, because the emphasis on 
material goods is less and also resource prices are increased by environmental 
taxation. 

As conventional oil and gas resources decline, the B1 storyline describes a relatively 
smooth transition to alternative energy systems. The B1 world strives towards post-
fossil technologies and during the transition conventional and unconventional gas is 
used significantly since natural gas is the cleanest fossil resource. The push towards 
post-fossil technologies is mainly driven by environmental concerns. 

Because of the high environmental consciousness and institutional effectiveness in the 
B1 storyline, environmental quality is high, as most potentially negative 
environmental aspects of rapid development are anticipated and effectively dealt with 
locally, nationally, and internationally. For instance, air pollution from one country 
harming another is basically eliminated in the long term. Cities are compact and 
designed for public and non-motorised transport, with suburban developments strictly 
controlled. Strong incentives for low-input, low-impact agriculture, along with 
maintenance of large areas of wilderness, contribute to high food prices and much 
lower levels of meat consumption than those in A1. These hands-on local and regional 
environmental processes and policies lead to relatively low GHG emissions, even 
without specific restrictions to decrease climate change. 

 

3.1.4 B2 Storyline and Scenario Family 

The B2 world has an increased concern for environmental and social sustainability 
compared to the A2 storyline. Environmentally aware citizens increasingly influence 
government policies and business strategies at the national and local levels, with a 
trend towards local self-reliance and regional decision-making structures and 
institutions. Human welfare, equality, and environmental protection all have high 
priority, and they are dealt with through community-based social solutions as well as 
technical solutions, although implementation rates vary across regions. 

Effort is extensively put into education and welfare programs and this reduces 
mortality and somewhat also fertility. The population reaches about 10 billion people 
by 2100, consistent with both the UN (United Nations) and IIASA (International 
Institute of Applied Systems Analysis) median projections. Income per capita grows 
at an intermediate rate and international income differences decrease, although not as 
rapidly as in storylines of higher global convergence. 

High educational levels usually encourage both development and environmental 
protection. In the B2 storyline, one of the few common international priorities still left 
is environmental protection. Nevertheless, strategies to tackle global environment 
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challenges are not of a central priority and are therefore less successful compared to 
local and regional environmental response strategies. The governments have 
difficulties designing and implementing agreements that combine global 
environmental protection, even when this could mean shared economic benefits. 

The global emphasis on technological development is less significant in the B2 
storyline compared to A1 and B1. Investments in energy research and development 
continue to decrease globally, and instruments for international diffusion of 
technology and knowledge stay weaker than in A1 and A2 storylines. Some regions, 
which have fast economic development and limited natural resources, put specific 
emphasis on technology development and cooperation on equal conditions. 

One particular focus of community innovation is urban and transport infrastructure, 
and this contributes to a lower level of car dependence and less urban growth. An 
emphasis on food self-reliance contributes to a shift in dietary patterns towards local 
products, with relatively low meat consumption in countries with high population 
densities. 

Depending on the availability of natural resources, energy systems differ from region 
to region. The need for more efficient usage of energy and other resources encourages 
the development of less carbon-intensive technology in some regions. Environmental 
policy cooperation at the regional level leads to success in the management of some 
transboundary environmental problems. Although the global energy system stays 
primarily hydrocarbon-based to 2100, a gradual transition occurs away from the 
current share of fossil resources in world energy supply, with a corresponding 
reduction in carbon intensity. 

 

3.2 Translation of storylines into scenario drivers 
 

3.2.1 A1 scenarios 
The A1 marker scenario was developed by the AIM modelling team. This first group 
of A1 scenarios assumes what the modelling teams consider as a balanced progress 
across all resources and technology from energy supply to end-use. The modelling 
teams also consider it to assume balanced land-use changes. There are three other 
groups of A1 scenarios, which each illustrates alternative paths of the future 
considering different resource and technology development assumptions: 

• A1C: clean-coal technologies that are generally environmentally friendly with 
the exception of GHG emissions. 

• A1G: an oil and gas rich future, with a rapid transition from conventional 
resources to rich unconventional resources1 including methane clathrates2. 

• A1T: a non-fossil future, with a rapid development of solar and nuclear 
technologies on the supply side and mini-turbines and fuel cells used in energy 
end-use applications. 

                                                 
1 Conventional and unconventional resources see regular and non-regular described in the previous 
chapter describing the oil depletion model. 
2 Methane hydrates in crystallised formations beneath the ocean floor. 
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The MiniCAM modelling team also evaluated alternative interpretations of the A1 
scenario storyline with different demographic, economic, and energy development 
patterns (A1v1-MiniCAM and A1v2-MiniCAM) on top of the alternative technology-
resource developments examined in the other A1 scenarios. 

 
3.2.2 A2 scenarios 
The A2 marker scenario was developed by the ASF modelling team. An alternative 
interpretation of the A2 scenario storyline in the form of a delayed development or 
transitional scenario between the A2 and A1 scenario families was developed by the 
MiniCAM modelling team here as well (A2-A1-MiniCAM). 

 

3.2.3 B1 scenarios 
The B1 marker scenario was developed by the IMAGE modelling team. Some of 
these scenarios explore alternative technological developments (similar to the A1 
scenario, e.g. B1T-MESSAGE) or alternative interpretations on rates and potentials of 
future dematerialisation and energy-intensity improvements (e.g., B1High-MESSAGE 
and B1High-MiniCAM explore scenario sensitivities of higher energy demand 
compared to the B1 marker scenario). 

 

3.2.4 B2 scenarios 
The B2 marker scenario was developed by the MESSAGE modelling team. Some 
models (e.g., B2-MARIA or B2High-MiniCAM) offered additional perspectives of 
both inter- and intra-model variability in the interpretation of the B2 storyline, 
particularly with respect to resource availability and technology development 
assumptions and their resulting impact on GHG emissions. 

 

3.3 The role of prices in SRES scenarios 
 

The SRES scenarios were not intended to predict future energy prices, nor were the 
scenarios intended to predict factors such as future energy taxation. Price information 
comes into the long-term emission models either in form of scenario assumptions 
outside the SRES, or it is derived within models based on simple assumptions of price 
formation mechanisms that are usually based on marginal cost information. 

 

3.4 Energy intensities, Energy demand, and Structure of energy use 
 

Energy intensities are, in all marker scenarios, predicted to decline with increasing 
income levels. Technological change, which is the common source of economic 
growth and energy intensity improvements, is described to be the main reason for this 
decline. The SRES 40 scenarios of total world primary energy production, and 
primary energy production from oil, gas, and coal are shown in figures 4 - 7. The 
numbers needed in order to produce these and the following SRES graphs were 
downloaded from the internet, from IPCC’s homepage. [12] 
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3.4.1 A1 scenarios 
In the A1 marker scenario, improvements in energy efficiency on the demand side are 
assumed to be relatively low, because of low energy prices caused by rapid 
technological progress in resource availability and energy supply technologies. Other 
A1 scenarios indicate a wide range in energy intensity improvements and resultant 
energy demand. The range between energy intensity across scenarios is in general 
larger in the 1990 base year than towards the end of the scenarios simulation. This is a 
result from alternative estimates and model specifications of non-commercial energy 
use. The high-income characteristics of the A1 world will make the use of non-
commercial energy to decline and later to end altogether. Because of that, differences 
in energy intensities across models become much smaller. The A1T scenario group 
explores how the diffusion of a whole host of new energy end-use technologies (e.g., 
micro turbines and fuel cells) results in significant additional improvements in 
efficiency and then also higher energy intensity improvements. Furthermore, they 
generate lower final energy demand at equal or lower energy costs compared to other 
A1 scenarios. 

 

3.4.2 A2 scenarios 
Final energy intensities in the A2 marker scenario improve gradually. It is the product 
of regional GDP growth and energy intensity improvements that determines the final 
energy demand across regions. Global primary energy use per unit GDP improves 
through scenarios over time. This mainly reflects the low per capita GDP growth of 
this scenario, which translates into low rates of energy intensity improvement. 
Nonetheless, the resultant energy intensities are comparable to current Western 
European levels, as are income and energy use per capita. In other words, the scenario 
describes a global picture by 2100 quite similar to that of Western Europe of today. 

 

3.4.3 B1 scenarios 
Energy intensity improvements in the B1 marker scenario result from energy 
efficiency investments brought about by increases in fuel and electricity prices and 
technological innovations (including assumptions on taxes and perceived premium 
values for clean fuels). There is an also rather high rate of energy intensity reduction 
towards the end of the timescale, which originates from the specific assumption that 
less industrialised regions catch-up. The demand for electricity is assumed to rise 
faster than for non-electricity energy, and may pose one of the capital availability 
constraints in this scenario. Most scenarios explore the implications for energy 
demand of less rapid dematerialisation tendencies of the economy, especially for 
developing countries. However, current knowledge about rates and direction of 
dematerialisation of economic activities are limited. 

 

3.4.4 B2 scenarios 
The evolution of the final energy demand levels and structure in the developing 
regions follows patterns that are similar to the historical development in the now-
industrialised regions of the world. This again is consistent with the “dynamics-as-
usual” interpretation of the B2 storyline. Improvements in energy intensity are 
generally higher in regions far away from the energy-intensity frontier and also faster 
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in those for which the capital turnover rate (i.e., GDP growth) is higher. The trend is 
towards energy reaching the consumer in more flexible, more convenient, and cleaner 
forms. This reflects that people with higher income are willing to pay more for more 
convenient energy forms. Therefore, the final energy mix is characterised by growing 
importance and dominated of grid-dependent fuels, such as electricity, district heating, 
and gas. Consistent with the storylines and the higher income levels of A1 and B1, 
this change in final energy structure is faster in these scenario families than in the 
other two scenario families. These scenario differences mainly reflect differences in 
per capita income levels. 
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Figure 4. IPCC’s 40 scenarios on world total primary energy production 1990-2100. 
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Figure 5. IPCC’s 40 scenarios on world primary energy produced from oil 1990-2100. 
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Figure 6. IPCC’s 40 scenarios on world primary energy produced from gas 1990-2100.  
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Figure 7. IPCC’s 40 scenarios on world primary energy produced from coal 1990-2100. 

 

  



3.5 Resource availability 
 

Resources taken into account by the SRES are existing reserves, resources that have 
yet not been discovered or that need further techno-economical development to 
become available, and other occurrences of hydrocarbons in the Earth’s crust. Oil, 
gas, and Uranium occur in deposits that need to be found, and the exploration for new 
resources is related to the needs for production over the next few decades rather than 
to a need to define what might ultimately be available for exploration. As a result, the 
ultimate resource base is uncertain. Coal is a different story, it occurs in layers over 
wide areas and very little exploration is needed to give an estimate of potentially 
available resources. The most important uncertainty is whether or not they could be 
mined with the technologies and economics of today. Finally, the renewable sources 
of energy depend on technological development and cost reductions in progress. 

The conventional oil industry of today is relatively mature and even for the SRES 
writing team the question is at what point of the 21st century the current reserves will 
start to run out. Unconventional resources are also available, such as shale oil, 
bitumen, and heavy oil. They are starting to be used and they will, according to SRES, 
extend current conventional oil reserves. The gas industry of today is less mature and 
much more remains to be discovered, especially in areas that today do not have the 
infrastructure to use gas and exploration has not been motivated in the areas as a result 
of that. There is also a large amount of unconventional gas discovered, some of which 
e.g. the US has already put into production. Additionally, huge quantities of natural 
gas are believed to exist as methane hydrates on the ocean floor and technology 
development may make it possible to exploit these at some stage. With coal, the 
question is not of discovery but one of economics, accessibility, and environmental 
acceptability. 

Long-term emission scenarios depend on quantification by formal models, therefore 
one important distinction that needs to be made is the one between assumptions 
concerning the ultimate resource base and projected actual resource use. Of course 
more resources than what is available cannot be used, which gives the model one 
specified constraint. Actual resource use on the other hand, or what is usually called 
“call on resources”, depends on several other factors represented in models, such as:  

• Future price levels 

• Assumptions on future technology improvements 

It is evident that, in the absence of climate policies, none of the SRES scenarios 
depicts a premature end to the fossil-fuel age. Invariably, cumulative fossil-fuel use to 
2050 (not to mention to 2100) exceeds the quantities of fossil fuels extracted since the 
onset of the Industrial Revolution, even though the “call on” fossil resources differs 
significantly among the different scenarios. 

 

3.5.1 A1 scenarios 
Energy resources are predicted to be plentiful by assuming a large future availability 
of coal, unconventional oil, and gas as well as high levels of improvement in the 
efficiency of energy exploitation technology, energy conversion technologies, and 
transport technologies. The grades of energy resources used in the model differ on the 
basis of extraction cost. For A1, large amounts of unconventional oil and natural gas 
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in assumed. Resource availability and reliance uncertainties are also explored through 
additional scenario groups within this family. Three of these (A1C, A1G, and A1T) 
explore more extreme patterns of reliance on particular resources and technologies 
compared to the more “balanced” tendencies in the original A1 scenarios. 

The coal intensive group A1C is restricted mainly to conventional oil and gas, which 
results in among the lowest cumulative oil and gas use of all scenarios. The scenario 
illustrates the long-term GHG emission implications of quickly running out of 
conventional oil and gas combined with rapid technological progress in developing 
coal resources and clean coal mining and conversion technologies. As a result the 
cumulative coal use is very high. 

The group A1G assumes oil and gas resources to be plentiful because of the assumed 
development of economic extraction methods for unconventional oil and gas, 
including methane clathrates. The high oil and gas extraction mostly reflects current 
awareness that radical technological change needs to occur to translate a significant 
part of the resource base of unconventional oil and gas into potentially recoverable 
resources, a development that needs support by development of non-fossil 
alternatives. Cumulative coal extraction in A1G is relatively low. 

As a result of fast technological progress in post-fossil alternatives in the technology-
dynamic A1T scenario group, the call on oil and gas resources are comparatively 
modest, quite similar to the A1C scenario group. The main difference is that because 
of the improvements in non-fossil alternatives the call on coal resources remains 
modest as well. 

 

3.5.2 A2 scenarios 
Resource availability assumptions for the A2-ASF world are generally rather 
conservative, essentially that current conventional estimates of petroleum resource 
availability are not expanded. Unconventional hydrocarbons, such as methane 
clathrates and heavy oils, do not come into large-scale use. As a result, coal resource 
use is the highest among the SRES marker scenarios. The A2 marker scenario 
quantification of oil, natural gas, and coal resource availability reflects the [10] 
estimates for conventional oil and coal resource availability. 

Overall there is an increasing reliance on coal resources. The A2G-IMAGE scenario 
assumes that a significant fraction of methane hydrate occurrences become technically 
and economically recoverable in an A2 world. The opposite end of the resource 
availability spectrum is explored in the A2-MiniCAM scenarios. First, methane 
clathrates are assumed not to become available. The call on resources focuses more on 
coal or unconventional oil and gas. The range of reliance on coal resources is 
therefore an inverse image of the range of oil and gas resource availability. It is hard 
to tell what the development will be like, and it is here demonstrated that the 
uncertainties in fossil resource availability might be much larger than assumed a 
decade ago. 

 

3.5.3 B1 scenarios 
Assumptions on the fossil fuel resource base used in the B1 marker scenario 
quantification are based on the estimates of ultimately recoverable conventional and 
unconventional fossil resources described in [10]. The capital output ratio of resource 
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exploitation is assumed to rise with progressive resource depletion. The supposed 
availability of huge non-conventional occurrences of oil and natural gas, with a 
geographic distribution clearly different from the distribution of conventional oil and 
gas, has significant implications for fuel supply and trade patterns in the long run. 

 

3.5.4 B2 scenarios 
The availability of fossil energy resources in the B2 marker scenario is assumed to be 
conservative, in line with the gradual change philosophy of the B2 scenario storyline. 
Therefore, oil and gas availability expands only gradually while coal continues to be 
abundant. Assumed oil and gas resource availability does not extend much beyond 
current conventional and unconventional reserves. Through gradual improvements in 
technology, a larger share of unconventional reserves and some additional resource 
categories are assumed to become available at improved costs over the 21st century. 
The availability of oil and gas, in particular, is limited compared to the estimated 
magnitude of global fossil resources and occurrences. This translates into relatively 
limited energy options in general and extends also to non-fossil energy options. The 
largest uncertainties in the A2 scenario family relate to the different interpretations of 
the more gradual change under a “dynamics-as-usual” philosophy that characterises 
the B2 scenario storyline. The lower resource-availability assumptions for oil and 
natural gas lead to a higher reliance on coal and non-fossil alternatives. 

 

3.6 Technological Change 
 

As a consequence of the “multi-model approach” used in SRES, detailed 
improvement assumptions and scenario implementations for individual technologies 
vary greatly from one model to another. This although the same storyline 
characteristics were used as guiding principles and many scenarios share similar 
assumptions on improvement potentials for different technologies. The different 
technological improvements for each scenario storyline are described in table 5. 

 

3.6.1 A1 scenarios 
The A1 marker scenario describes the “balanced” technology development group of 
A1 scenarios, it assumes significant innovations in energy technologies, which 
improve energy efficiency and reduce the cost of energy supply. Consistent with the 
A1 scenario storyline, such improvements occur across the board and neither favour 
nor penalise particular groups of technologies. A1 assumes, in particular, drastic 
reductions in power-generation costs, through the use of solar, wind, and other 
modern renewable energies, and significant progress in gas exploration, production, 
and transport. Alternative scenario groups explore path-dependent scenarios in which 
technologies evolve on equally largely exclusive development paths. The historical 
experience up to now has generally been this way that particular energy technologies 
(such as the steam engine and after that the combustion engine) have kept out other 
technological alternatives. These scenario groups describe alternative spectra of 
technology dynamics in the domains of unconventional oil and gas, coal, as well as 
post-fossil technologies. 
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 Table 5. Summary of technology improvements for extraction, distribution, and conversion 
technologies assumed in the SRES scenarios. The classification examines technology dynamics across 
the four marker scenarios and the four A1 scenario groups relative to each other. Note that rates can be 
heterogeneous among world regions. 

Scenario Coal Oil Gas Non-fossil 

A1 High High High High 

A1G Low Very high Very high Medium 

A1C High Low Low Low 

A1T Low High High Very high 

A2 Medium Low Low Low 

B1 Medium Medium Medium Moderate-high 

B2 Low Low-medium Moderate-high Medium 

 

In the A1G scenario group, technological change enables a larger fraction of the large 
occurrences of unconventional oil and gas, including oil shales, tar sands, and 
especially methane hydrates to be tapped. High technological learning and cost 
reduction effects could lower unconventional oil and gas extraction costs by 
approximately 1% per year and conversion technology costs about 2%. The lower 
costs would still probably not be sufficient to tap significant fractions of 
unconventional resources such as gas clathrates. For the A1G scenario group, 
substantial improvements and extensions of the present pipeline grids and entirely 
new natural gas pipelines systems from Siberia and the Caspian to South East Asia, 
China, Korea, and Japan after 2010/2020 would be needed. Since unconventional oil 
and gas resources are distributed unevenly geographically, the scenario implies both 
capital-intensive infrastructure investments and exceptional large-scale gas and oil 
trade flows. There is also little pressure to develop non-fossil alternatives in such 
scenarios, so costs of non-fossil alternatives remain comparably high, even after 
significant technological improvements. 

The A1 marker and the A1T scenarios assume drastic reduction in cost for solar, wind, 
and other renewable energies. A1C assumes lower coal costs and emphasises coal 
exploitation technology progress and the introduction of advanced coal-fired power 
generation technology, such as integrated gasification combined cycle (IGCC). A1G 
assumes lower oil and gas costs than other A1 scenarios. The cost of nuclear power is 
assumed to be the lowest in A1G and A1T, and the highest in A1C. 

Improvements in energy efficiency on the demand side are assumed to be 
comparatively lower in the A1 scenario family, except for the A1T scenario, where 
the low energy prices give very little incentive to improve end-use energy efficiencies. 

In the dynamic technology scenario group A1T, technological change, driven by 
market mechanisms and policies to promote innovation, favours non-fossil 
technologies and synfuels3, especially hydrogen from non-fossil sources. Liquid fuels 

                                                 
3 Synthetic fuels derived from alternative fossil fuels like oil shale, tar sand, and gasified coal. 
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from coal, unconventional oil and gas resources, and renewable resources are assumed 
to become available at less than US$30 per barrel and falling. 

 

3.6.2 A2 scenarios 

The A2 scenario family includes slow improvements in the energy supply efficiency 
and relatively slow convergence of end-use energy efficiency in the industrial, 
commercial, residential, and transportation sectors between regions. A combination of 
slow technological progress, more limited environmental concerns, and low land 
availability because of high population growth means that the energy needs for the A2 
world are satisfied primarily by fossil (mostly coal) and nuclear energy. However, in 
some cases regional energy shortages force investments into renewable alternatives, 
such as solar and biomass. 

 

3.6.3 B1 scenarios 
Consistent with the general environmentally conscious and resource-conservation 
thrust of the B1 scenario storyline, technological change is largely directed at 
improving conversion efficiency rather than costs for fossil technologies. It is 
assumed that subsidies on coal for electricity generation are removed entirely. A 
specific feature of the marker scenario is that it treats non-fossil electricity generation 
technologies as highly generic, for instance, it does not distinguish between nuclear, 
solar, or wind-power generation technologies. Cost decreases are anticipated once 
non-fossil options penetrate on a large scale. Liquid bio fuels are produced in small 
amounts in almost all regions. In all regions a gradual transition occurs from fossil 
fuels to non-fossil options in electric-power generation, because of rising fuel prices 
and declining specific investment costs for fossil alternatives. The shift would start in 
resource-poor industrialised regions such as Japan and Western Europe, but is 
somewhat tempered by rising conversion efficiencies of fossil-fuelled power plants. 
One of the factors that constrain the use of natural gas in the scenario is the 
assumption that only a limited part of the transport market is open to competition 
from non-liquid fuels. Also, the market share of coal in industry is fixed exogenously 
in some regions, to reflect the decreasing environmental and social attractiveness of 
the more “dirty” coal. 

 

3.6.4 B2 scenarios 
The B2 scenario storyline also predict important future improvements of technologies, 
although in a more moderate way than in A1 or B1 scenarios. Cost improvements are 
also more modest because of the regionally fragmented technology policies assumed 
to characterise a B2 world. Therefore, technology spreading effects and benefits from 
shared development costs are more limited in the scenario. The high emphasis of 
environmental protection at the local and regional levels is reflected in faster 
development and diffusion of energy technologies with lower emissions, including 
advanced coal technologies, nuclear, and renewable energies. As conventional oil 
supplies decrease, initially high-cost synfuels from coal and also bio fuels are 
introduced as substitutes. Conventional coal technologies undergo the lowest 
aggregate rates of improvements in the scenario and are subject to increasing controls 
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of social and environmental externality (mining safety and sulphur emissions). 
Increasingly, therefore, only advanced coal technologies are set up. 

Comparatively small variations in relative technology characteristics such as cost and 
efficiencies can lead to wide differences in scenario outcomes. For instance, changing 
the relative economics between coal and nuclear in the two MARIA scenarios results 
in a difference of more than 200GtC cumulative emissions over the 21st century. 

 

3.7 Prospects for future energy systems 
 
In the energy systems models used to generate the scenarios reported in the SRES, the 
entire energy systems structure is represented from primary energy extraction, through 
conversion, transport, and distribution, all the way to the provision of energy services. 
Primary energy harnessed from nature (e.g., coal from mine, hydropower, biomass, 
solar radiation, produced crude oil, or natural gas) is converted in refineries, power 
plants, and other conversion facilities to give secondary energy in the form of fuels 
and electricity. This secondary energy is transported and distributed (including trade 
between regions) to the point of final energy use. Final energy is transformed into 
useful energy (i.e., work or heat) in appliances, machines, and vehicles. Finally, 
application of useful energy results in delivered energy services (e.g., the light from a 
light bulb, mobility, etc.). 

Important differences exist in accounting conventions on how to calculate the primary 
energy equivalent of particularly renewable and nuclear energy. To assure 
comparability of model results, the SRES writing team agreed to adopt as a common 
accounting methodology the direct equivalent method for all non-thermal uses of 
renewable and nuclear energy. The primary energy equivalence of these energy forms 
is accounted for at the level of secondary energy, that is, the first usable energy form 
available to the energy system. For instance, the primary energy equivalence of 
electricity generated from solar photo-voltaics or nuclear power plants is set equal to 
their respective total electricity output. It is not set equal to the heat that would have to 
be generated burning fossil fuels to produce the same amount of electricity as 
generated in a photo-voltaic cell or nuclear reactor (as used in the so-called 
“substitution” accounting method). This common SRES accounting convention must 
be borne in mind when comparing the primary energy-use figures from the SRES with 
those of other studies. 

By the early 1970s, 56% of global primary energy use was based on oil and gas. From 
the early 1970s to 1990, the global primary energy structure has changed little. Efforts 
have been made though to substitute for oil imports, which have led to an increase in 
the absolute amount of coal used and to the introduction of non-fossil alternatives in 
the OECD countries (Organisation for Economic Cooperation and Development), e.g., 
nuclear energy in France and Sweden. Rapid growths in energy demand and coal use, 
particularly in Asia, have outweighed structural change in the OECD countries.  

Scenarios B1, B2, A1T, and to some extent A1B follow a trend towards increasing 
shares of zero-carbon options in the long term. A1G more or less follows an oil-gas 
line of equal share that continues the current dominance of oil and gas in the global 
energy balance far into the 21st century. Scenarios in the A1C group, on the other 
hand, indicate a near doubling of coal’s share in primary energy use. 
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3.7.1 A1 scenarios 
The most significant change in the long-term primary energy mix in the A1 marker 
scenario is the fast market penetration of (new) renewable energy. Its share increases 
from a current 3% (excluding traditional non-commercial biomass use) to some 66% 
by 2100. Given the assumption of rapid technology progress, the cost of modern 
renewable energy technologies (solar, wind, commercial biomass, etc.) decline 
significantly in the long-term. Such low costs could make solar energy the largest 
primary energy source by 2100. In the meantime, the shares of coal and oil decrease 
from 25% and 36% in 1990 to 12% and 15%, respectively, by 2050 and thereafter 
continuing either because of depletion of conventional oil resources or because of fast 
market penetration of post-fossil technologies. Gas increases its market share initially 
(from 20% 1990 to 33% by 2050) and declines thereafter, but still remains an 
important market share (24%) by the end of the 21st century. Nuclear energy is mainly 
a temporary substitute technology, its share increases from 2% in 1990 to some 10% 
by 2050, and declines to 4% by 2100 because its economics increasingly fall behind 
those of new renewable energies. 
 
3.7.2 A2 scenarios 
Major global trends in the A2 marker scenario include an increase in the coal share 
(from 29% in 1990, through 30% by 2050, to 53 % in 2100) and a reduction in the 
share of conventional oil (from 43% in 1990 to 23% by 2050, from where it declines 
asymptotically towards zero at the end of the 21st century). The progressive depletion 
of oil resources in the scenario reflects the current view as to the finiteness of 
conventional oil resources, a picture also confirmed by other quantifications of the 
storyline. However, the decline in oil market share should not be interpreted as a 
physical “running out”, but rather as a gradual replacement process via price 
competition with synfuels and other alternatives as oil prices rise, along with the need 
to access ever more remote and expensive petroleum deposits. Once oil becomes 
increasingly expensive a substantial proportion of coal is converted into synthetic 
liquid fuels. Nuclear and renewable energy sources gradually increase in importance 
from 1990 to 2100, while the share of natural gas remains almost constant. 

As in the A2 marker scenario, and with the exception of A2-IMAGE, coal becomes a 
major fuel by 2100 (45-50% of primary energy) in all the scenarios, followed by 
renewable sources (19-31%) and natural gas (9-18%). A higher share of renewable 
energy and a lower share of nuclear energy is the major difference between the 
scenarios. 

 

3.7.3 B1 scenarios 
The B1 marker scenario describes a structural transition in energy systems towards 
increasing shares of non-fossil energy. This long-term transition features a temporary 
reliance on fossil fuels, in particular with natural gas as the preferred transitional fuel. 
Structural changes in energy supply are comparatively fast because of both the 
dynamic viewpoint on energy-efficiency improvements and structural change, and the 
“dematerialisation” of economic activities, which is characteristic for the B1 world. A 
lasting long-term trend of B1 is also the continuously declining share of coal in the 
global primary energy mix, caused by local and regional environmental 
considerations. Until 2050, the global energy system remains fossil fuel dominated 
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(with an important shift away from coal to gas use within fossil fuels). By 2020, 
fossils still account for some 79% of global primary energy (23% coal, 54% oil and 
gas combined). By 2100, however, the transition away from fossil fuels is well 
underway, they only account for some 47% of primary energy use, mostly natural gas. 
Generally, even this scenario of significant structural change illustrates the long lead 
times needed for a “systematic” transition away from the current dominance of fossil 
fuels. Energy efficiency and “dematerialisation” of the economy are central parts of 
this transition in the B1 scenario. Whenever nuclear, renewable, and biomass costs are 
low, the share of coal declines and that of other resources increases. How the changes 
occur is model specific. Drastic shifts are not expected before 2050. 

 
3.7.4 B2 scenarios 
The B2 marker scenario first follows a trend towards increasing shares of gas, 
followed by renewable energy sources, and finally, as oil and gas start to become 
insufficient, increasingly returns to coal. The global diversification results from 
heterogeneous trends at the regional level and is largely a function of the more modest 
assumptions concerning technology improvements and oil and gas resource 
availability that are characteristic for the B2 world. Countries with low income and 
high resource availability continue to rely on fossil fuels up to the end of the 21st 
century, such as China, Former Soviet Union and the Middle East. Regions with low 
resource availability, such as Africa and South America, rely on renewable and 
nuclear energy. The decreasing share of coal and oil in the primary energy structure of 
the OECD countries is substituted by the growing share of renewable energy, gas, and 
nuclear energy. A major characteristic of the B2 scenario is the increasing importance 
of synthetic liquid fuels in the second half of the 21st century, because of a continuous 
phase out of conventional oil in all regions. 

Common to all B2 scenarios is their gradual transition away from conventional oil and 
gas. However, alternative scenarios depict very different trends in structural change, 
ranging from increased reliance on coal and coal-derived synfuels (B2-ASF, B2High-
MiniCAM) to more biomass- and nuclear-intensive scenarios (B2-AIM, B2-MARIA, 
and B2-IMAGE). Generally, this reflects the considerable uncertainty as to direction 
and pace of technological change in the technologically more fragmented world 
described in the B2 scenario storyline.  

 

3.8 Carbon Dioxide 
 
CO2 is the largest contributor to anthropogenic radiative forcing of the atmosphere. 
The main sources of anthropogenic CO2 emissions are fossil fuel combustion and the 
net release of carbon from changes in the terrestrial ecosystem, commonly referred to 
as land-use changes. Fossil fuels are generally named hydrocarbons and 
hydrocarbons occurrences are the largest storage of carbon. SRES 40 scenarios of 
CO2 emission can be seen in figure 8 and cumulative CO2 emissions in figure 9. The 
atmospheric concentration of CO2 prior to the industrialisation was around 228ppm 
(parts per million), a concentration that has been rising with time, in 1990 it reached 
353ppm and in1998 it was 365ppm. [13] and [4]. 

Multiple baselines and overlapping emissions ranges have important implications for 
making policy analysis, e.g., similar policies might have different impacts in different 
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scenarios. Combination of policies might shape the future development in the 
direction of certain scenarios. 

 

3.8.1 Emissions from fossil fuels and industry 

In 1990 fossil fuels were the main source of anthropogenic CO2 emissions. It is 
expected that future CO2 emission levels will depend primarily on the total energy 
consumption and the structure of energy supply. The total energy consumption is 
driven by population size, level of affluence, technological development, 
environmental concerns, and other factors. The composition of energy supply is 
determined by estimated reserves of fossil fuel and the availability, relative efficiency, 
and cost of supply technologies. Emissions from gas flaring4 and industrial emissions 
are much lower in comparison with energy related emissions. 

Up to about the 2040s and the 2050s, emissions tend to rise in all scenarios, but at 
different rates. Across scenarios this reflects changes in the underlying driving forces, 
such as population, economic output, energy demand, and the share of fossil fuels in 
energy supply. By 2050, the emissions range covered by the 40 SRES scenarios is 
from about 9 to 27GtC, with the mean and median values equal to about 15GtC. The 
range between the 25th and 75th percentiles of emissions extends from 12 to 18GtC 
(i.e. from twice to thrice that in 1990). A fair number of scenarios (eight out of 40) 
also indicate the possibility of much higher emissions. Another eight SRES scenarios 
have 2050 emissions below the 25th percentile. The range of emissions across the 40 
SRES scenarios is between 3 and 37GtC, which reflects either a decrease to halt the 
1990 levels or an increase by a factor of six. Similar emission levels can arise from 
different combinations of driving-force variables that are embedded in the SRES 
scenario families and groups.  

 
3.8.2 A1 scenario family 

Rapid economic growth in the A1 family scenario leads to high energy demand and 
therefore to a steep increase in CO2 emissions in the first decades of the 21st century. 
Structural changes in the energy supply become effective only in the longer term. 

In the A1 marker scenario, the global average per capita final energy demand grows. 
In the meantime, the final energy carbon intensity declines relatively slowly, which 
results in a steep increase in CO2 emissions in the first decades of the 21st century. 
After 2050, when structural changes in the energy sector take effect, carbon intensity 
declines rapidly. The resultant CO2 emissions range for the scenario family is so wide 
that most of the remaining SRES scenarios fall within its bandwidth. The highest 
cumulative CO2 emission reached in the A1 scenario family is larger than 2500GtC by 
2100. 

 

3.8.3 A2 scenario family 
In the A2 scenario family, alternative energy technologies develop relatively slowly 
and fossil fuels maintain their dominant position in the energy supply mix. Global 
CO2 emissions in the A2 marker scenario increase by more than fourfold over their 
1990 level. Unlike the rest of the A2 family scenarios, the A2-IMAGE scenario yields 
                                                 
4 Burning of gas that cannot be of use or e.g. cannot be transported from the oilrig. 
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constant emissions after 2050. The differences are explained by the combination of a 
lower energy demand and by a larger share of natural gas in the energy supply mix. 
Total cumulative carbon emissions from the marker scenario range between 1710 and 
1860GtC by 2100. 

 

3.8.4 B1 scenario family 
In the B1 marker scenario the rapid technological change toward resource saving and 
ecologically sound solutions is assumed to spread very quickly, facilitated by high 
turnover rates in capital stock in currently less developed regions. As a result, energy 
requirements increase slowly and a shift away from fossil fuels eventually breaks the 
already slow upward trend in carbon emissions. Emissions peak around 2040, twice 
the level of 1990, and by 2100 the emissions fall below the base-year level. 

The B1 family also includes one scenario in which energy-related emissions continue 
to increase throughout the modelling period, B1-MiniCAM. In this scenario the final 
energy demand is assumed to rise more rapidly with increasing income than the rest 
of the B1 scenarios. The total cumulative CO2 emissions in the B1 scenario group 
range between 770 and 1390GtC by 2100. 

 

3.8.5 B2 scenario family 
The B2 marker scenario has a steady increase of CO2 emissions. Differences in 
emissions are largest around 2050, which reflects the different patterns of structural 
change in the energy systems in anticipation of depletion of conventional oil and gas. 
Total cumulative CO2 emissions in the scenario group range between 1164 and 
1686GtC by 2100. 
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Figure 8. IPCC’s 40 scenarios on anthropogenic CO2 emission 1990-2100. 
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Figure 9. IPCC’s 40 scenarios on cumulative CO2 emission 1990-2100. 
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4 UN Framework Convention and the Kyoto protocol 
 
This chapter describes the history of the United Nations Framework Convention on 
Climate Change and its Kyoto protocol. It also describes how the Kyoto protocol will 
imply for its member countries concerning CO2 emissions. 

4.1 United Nations Framework Convention on Climate Change 
 
The United Nations Framework Convention on Climate Change (UNFCC) sees to 
several different questions concerning climate change, of which just a few are 
described below. To begin with, it recognises that there is a problem. It also sets an 
ultimate objective of stabilising greenhouse gas concentrations in the atmosphere at a 
level that would prevent dangerous anthropogenic interference with the climate 
system. This objective however, does not specify what these concentrations should be, 
it only states that they should be kept at a level that is not dangerous. This suggests 
that currently there is no scientific certainty about what a dangerous level would be. 
Furthermore, the convention addresses that such a level should be achieved within the 
time frame sufficient to allow ecosystems to adapt naturally to climate change, to 
ensure that food production is not threatened, and to enable economic development to 
proceed in a sustainable manner. 

A big question that have emerged concerning global warming is whether to do 
something about the problem although the consequences are uncertain, or just to 
ignore it. The convention establishes a framework and a process for agreeing to 
specific actions later. The authoring diplomats saw the Framework Convention on 
Climate Change as a start for future action. Through this, a framework of general 
principles and institutions was established and a process was also set up through 
which governments meet regularly. These meetings are held yearly and are called 
Conference of the Parties (COP). SBSTA (Subsidiary Body for Scientific and 
Technological Advice) provides the meetings with facts that for instance are based on 
IPCC’s research results. All member countries are welcome to join the work of 
SBSTA and governmental representatives are often sent to their meetings. [4] 

The UNFCCC describes energy related emissions as the main cause of climate 
change. Because of that, all countries will have a growing pressure to reduce the 
amounts of coal and oil use. The reduction will not be easy as fossil fuels are the 
cheapest, most convenient, and for industry the most useful energy sources. 
Additionally there will be pressure and incentives to adopt advanced technologies so 
that less damage is caused in the future. The convention supports the concept of 
sustainable development, but the trick will be to find methods for living well, while 
using critical natural resources at a rate no faster than at which they are replaced. The 
international community is also a lot further along in defining the problems posted by 
sustainable development than it is in figuring out how to solve them. 

Technology will clearly play a major role in dealing with climate change. If we can 
find practical ways to use cleaner sources of energy, such as solar power, we can 
reduce the consumption of coal and oil. Therefore, the convention also calls for 
developing and sharing environmentally sound technologies and know-how. 

Another purpose of the convention is to try to change human behaviour in order to 
achieve all objectives, probably the sooner the better. But such things are difficult to 
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prescribe and predict. People will need stronger signals and incentives if they are to 
do more for the good of the global climate. 

Under the convention, OECD members and transition countries were expected to try 
to return to the greenhouse gas emission levels they had in 1990 by the year 2000. 
Considering the whole group of countries they succeeded. 

 

4.2 The Kyoto Protocol 
 
The UNFCCC is designed so that countries can weaken or strengthen the treaty in 
response to new scientific developments. Countries can, for instance, agree to take 
more specific actions by adopting amendments or protocols to the convention. This is 
what happened in 1997, at the third COP, when the Kyoto protocol was adopted. The 
COP of the convention will also serve as the Meeting Of the Parties (MOP) of the 
protocol. The governments showed by the adoption of the Kyoto protocol a response 
to the growing public pressure, according to UNFCCC. A protocol is an international 
agreement that stands on its own but is linked to an existing treaty. This means that 
the climate protocol shares the concerns and principles set out in the climate 
convention. It then builds on these by adding new commitments, which are stronger 
and far more complex and detailed than those in the convention. This complexity is a 
reflection of the huge challenges caused by the control of greenhouse gas emissions. It 
is also a result of the diverse political and economic interests that had to be balanced 
in order to reach an agreement. According to UNFCCC the protocol is a sign that the 
international community is willing to face reality and start taking concrete actions to 
minimize the risk of climate change. 

In 1995, the IPCC published its second major assessment of climate change research, 
which soon became famous for concluding that the climate may have already started 
responding to past emissions. Later, more and more people came to accept that what 
was required in order to send a signal strong enough to convince businesses, 
communities, and individuals to change their ways, was a rigid and binding 
commitment by developed countries to reduce emissions of greenhouse gases. 
Therefore, the protocol sets legally binding targets and timetables for cutting GHG 
emissions in developed country. The convention encouraged these countries to 
stabilise emissions and the protocol commits them to reducing their collective 
emissions by at least 5%, based on their emissions in 1990. Each country’s emissions 
levels will be calculated as an average of the years 2008-2012, these five years are 
known as the first commitments period. Governments must make confirmable 
progress towards this goal by the year 2005. These agreements will be reviewed 
periodically. The talks on commitments for the time after 2012 must start by 2005. [4] 

The protocol will only become legally binding when at least 55 countries have ratified 
it. The 55 countries should include developed countries accounting for at least 55% of 
the CO2 emissions developed countries had in 1990. This should happen some time in 
2003. At the time of writing of this report, 84 countries have signed the Protocol, 111 
countries have ratified/accessed/accepted the Protocol, representing 44,2% of the 
global emissions. [4] 

The Protocol addresses the six main greenhouse gases, which are carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O), hydroflourocarbons (HFCs), 
perflourocarbons (PFCs), and sulphur hexaflouride (SF6). They are complicated to 
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combine so that reductions in each gas are credited towards a single number, since 
some gases have a stronger effect on the climate than others. Carbon dioxide is the far 
most important gas among the six as it accounted for over four fifth of total 
greenhouse emissions from developed countries in 1995. From this amount, fuel 
combustion stood for nearly all CO2 emissions. Fortunately, CO2 emissions from fuel 
are relatively easy to measure and monitor. 

The protocol recognises that cuts in the emissions must be credible and verifiable. 
Each country will need an effective system for estimating emissions and confirming 
reductions. Standardised guidelines must be formed to make figures comparable from 
one country to the next and to make the whole process transparent. It also allows 
governments that cut emissions more than they are required to by their national target 
to store the surplus as credit for future commitment periods. 

In order to reduce emissions, the protocol emphasises effective domestic policies and 
measures. Industrial companies need to start shifting to new technologies that use 
fossil fuels and raw materials more efficiently. Wherever possible they should switch 
to renewable energy sources such as wind and solar power. Individual citizens must 
also cut their use of fossil fuels and be less wasteful of all natural resources. The 
importance of performing research into innovative technologies is emphasised too, 
e.g. technologies limiting methane emissions from waste management and energy 
systems and to protect forests and other carbon sinks. Furthermore is the cooperation 
between governments encouraged. Policymakers can learn from one other and share 
ideas and experiences. Governments should also consider the effects of their climate 
policies on others, particularly developing countries, and seek to minimise any 
negative economic consequences. 

The protocol assigns a national target for each country, as some countries already 
have low emissions. For instance Norway and New Zealand already have low 
emissions because they rely on hydropower or nuclear energy. The overall 5% target 
for developed countries is to be met through cuts of 8% in the European Union (EU), 
Switzerland, and most Central and East European countries. The US, although it has 
stated that it is no longer committed to the Kyoto Protocol, has to cut 7%. Canada, 
Hungary, Japan, and Poland have to cut their emissions by 6%. New Zealand, Russia, 
and Ukraine are to stabilise their emissions, while Norway may increase emissions by 
up to 1%, Australia by up to 8%, and Iceland 10%. The EU has made its own internal 
agreement to meet its 8% target by distributing different rates to its member countries. 
These targets range from a 28% reduction by Luxembourg and 21% cuts by Denmark 
and Germany to a 25% increase by Greece and 27% for Portugal. Emission targets are 
set only for the industrialised countries, although it is recognised that developing 
countries also have a role to play. 

Political disagreements in late 2000 and 2001 over how to implement the protocol 
have slowed down the rate of ratification. In the meantime, governments will continue 
to carry out their commitments under the climate change convention. [4] 
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5 Comparisons 
 

After upgrading the oil depletion model, studying IPCC’s SRES, and looking into 
UNFCCC and the Kyoto protocol, an attempt was made to combine the three and to 
compare results from the depletion model to other published results.  

 

5.1 The model of oil depletion and other published results 
 

Many attempts to approximate the ultimate amount of world resources of oil and gas 
have been made by many different companies and organisations. Therefore, a 
comparison of world oil reserves was made between estimates from the oil depletion 
model, Oil and Gas Journal (represented by numbers from British Petroleum (BP)), 
and a report by Rogner. [10] IPCC bases assumptions on oil, gas, and coal resources 
on that report. The comparison is made, in order to compare the model to published 
data and to other assessments made. The numbers from Oil and Gas Journal are based 
on numbers that oil companies report yearly. Numbers from Rogner, [10], are based 
on numbers published by Oil and Gas Journal, United States Geological Survey 
(USGS), Bundesanstallt für Geowissenschaften und Rostoffe, World Energy Council 
(WEC) and other reports concerning heavy oil and bitumen. The numbers are then 
treated statistically to fit a “McKelvey box” explained in that report. Because of this 
there are other classifications than in the depletion model, but they were translated 
into comparable groups. Various assumptions are made in Rogner, [10], and three 
important ones are described as follows:  

• The quantities represent the maximum occurrences of oil, natural gas, and coal 
derived from the literature. Wherever ranges of estimates were found, the 
highest plausible value was adopted. 

• Hydrocarbon resource exploration, development, and production are subject to a 
compounded productivity gain of 1% per year. 

• All conventional and unconventional reserve and resource categories are valued 
as if all future productivity gains were realised immediately. 

 

5.2 The model of oil depletion compared to IPCC’s SRES 
 

The numbers of world oil and gas production yearly was converted into energy and 
plotted in the same diagrams as the SRES scenarios for primary energy production. 
This, in order to see how much primary energy can be produced from oil and gas each 
year according to the model. The numbers of cumulative primary energy production 
from oil and gas were also compared and plotted together with the SRES scenarios. 
The oil-to-energy conversion was performed as described in the bracket below and the 
conversion factors were taken from [14] and [15]. 
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This was made for both regular oil and what in the model is called all liquids, which 
include both regular and non-regular oil. Furthermore, the same conversion and 
comparison was made for natural gas, both conventional natural gas and all natural 
gas, which is conventional gas with unconventional natural gas added. The same 
conversion into energy was used, since gas production data in the model is in 
Gigabarrels of oil equivalent. Furthermore, the data of SRES cumulative resource 
production, concerning both oil and gas, were converted into Gigabarrels of oil, or oil 
equivalent working with natural gas. This was done in order to compare the produced 
amounts of oil and gas 1990 – 2100.  

In the literature, many write about energy produced from oil and gas, and not oil 
separate from gas. Therefore, the numbers on oil and gas from the SRES scenarios 
and from the oil depletion model was added to produce graphs showing oil and gas 
added together. 

The model treats oil as a finite natural resource and it estimates the ultimate amount 
available for production. The SRES scenarios on the other hand, do not have any 
estimates of an ultimate amount of oil and gas to be produced. Therefore, an 
additional amount of oil and gas will be needed in most SRES scenarios to eventually 
bring production down to zero beyond 2100. 

5.3 IPCC’s SRES compared to UNFCCC and the Kyoto Protocol 
 

The UNFCCC and the Kyoto protocol mainly describe atmospheric CO2 
concentrations and not CO2 emissions. Therefore, additional IPCC research results, 
prior to SRES, were used. These results were namely WRE stabilisation scenarios and 
the Bern-CC emission scenarios. [16] These scenarios describe what the CO2 
emissions are allowed to be each year in order to stabilise atmospheric CO2 
concentration at certain levels (1000, 750, 650, 550, and 450ppm). This can be seen in 
figure 10. These figures were reconstructed from the report mentioned above into 
numbers in an Excel spreadsheet. 

 The SRES marker scenarios of CO2 emissions were plotted onto the Bern-CC 
emission scenario figure, trying to estimate a potential stable value of the different 
SRES worlds’ atmospheric CO2 concentration. Plotting all 40 scenarios would not 
make it possible to draw any conclusions, it would probably generate a rather 
confusing plot. Therefore, only the marker scenarios were used, as they are previously 
described to be the most representative scenarios in each scenario family.  
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Figure 10. The diagram on top shows the WRE stabilisation scenarios for future constant atmospheric 
CO2 concentration and the lower diagram shows the Bern-CC scenarios for CO2 emissions in order to 
end up at the specific atmospheric CO2 concentrations. The lower boundaries of each emission 
scenario, except the 450ppm, are hidden behind emission scenarios with lower concentration. 
Therefore, the lower boundaries are represented  by broken lines. 
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6 Results 
 

6.1 Oil depletion model 
 

For every country, group, and region seven diagrams were plotted, based on the 
collected data. These diagrams show: 

• Oil discovery and production per year 

• Cumulative oil discovery per year 

• Cumulative oil discovery and production per year 

• Creaming curve and hyperbola 

• Wildcats per year 

• Oil production with oil discovery on top, shifted by the peak-lag 

• Oil production and the modelled Hubbert curve 

With 64 countries, 10 different regions and groups, and seven diagrams for each of 
them sums up to 518 diagrams all together. Obviously, all these diagrams cannot be 
presented in this report. Therefore, only the most illustrative and for this report the 
most useful diagrams will be described. The diagrams showing the most characteristic 
pattern and those used in the iterative process of finding the countries’ ultimate is 
described below. Moreover, because the oil depletion model is so extensive, 
presenting all results would turn this report into a book. Moreover, the members of 
Uppsala Hydrocarbon Depletion Study Group (UHDSG) are continuing doing 
research and using the model as a database for their work. Summary tables of 
discovery, past and future production, reserve, and the ultimate for all 64 countries 
and 10 regions and groups are shown in appendix 1. 

 

6.1.1 Discovery 

The total amount of regular oil discovered in the world up to and including 2002 sums 
up to 1713Gb according to the oil depletion model, and 187Gb as the total amount 
yet-to-discover. This ends up on a total world ultimate of 1900Gb including 
unforeseen which describes future unforeseen oil discoveries.  

Using backdating, as explained earlier, the pattern of discovery shows the peak of 
discovery in the 1960s (see figure 11). Although the highest number of giant fields 
was discovered in the 70s, the largest amount of oil was still found in the 60s. The 
figure also shows that there is a greater decrease in the amount of oil discovered 
between the 80s and the 90s, compared to the decrease in number of giant fields. 
Also, there were more giant fields discovered in the 80s than in the 70s, but a 44% 
less amount of oil. This illustrates the ideas that the biggest giant fields are discovered 
first, and that a greater number of fields are required in order to discover the same 
amount of oil as in the previous decade, e.g. see the difference between 1980s and 
1990s. The numbers describing the 90s were taken from [17] 

 51



Giant Oil Field Discovery per Decade

0

50

100

150

200

250

300

1850-
1899

1900-
1909

1910-
1919

1920-
1929

1930-
1939

1940-
1949

1950-
1959

1960-
1969

1970-
1979

1980-
1989

1990-
1999

O
il 

di
sc

ov
er

y 
[G

b/
de

ca
de

]
an

d 
N

um
be

r o
f F

ie
ld

s Oil Discovery
Number of Fields

 
Figure 11. The amount of oil and the number of giant oil fields discovered per decade. All numbers 
except for 1990-1999 are from the oil depletion model. The 1990-1999 numbers are from [17] 

 

6.1.2 Production 
The total amount of regular oil produced in the world up to and including 2002 is 
891Gb. A summary of different countries and regions can be seen in appendix 1. The 
Middle East was the biggest producing region 2002 with 6,09Gb. Russia was the 
biggest producing country with 2,70Gb just ahead of Saudi Arabia’s 2,69Gb. 

Hubbert curve modelling is one way of illustrating future production, not restricted by 
economic or political means. There are a few methods used for different countries in 
order to obtain the best fit for the Hubbert curve. For some countries, like Norway, the 
Hubbert curve has a fairly good fit to both past and predicted production (see figure 
12). The prediction is based on the oil depletion model database, the amount left to 
produce in that specific country. The theoretical peak of a Hubbert curve is generally 
not reached in practise, as the last investments needed are usually not profitable. This 
can be seen in the production pattern for Norway in the figure. 

For countries like France, which has two cycles in their production, two Hubbert 
curves are superimposed in order to get one curve describing oil production (see 
figure 13). The two cycles in the production pattern emerged after France found a 
second area holding oil, formerly unknown. This is one example why production and 
discovery should be treated in an isolated geological basin and not by country, to 
respect the natural field size distribution. This is not possible at present as a 
consequence of the way public data is provided. 
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Figure 12. Oil production for Norway, past and predicted. Norway is one example of a country having 
a fairly close fitting Hubbert curve modelling production. 

 

The production of OPEC countries is hard to model with a Hubbert curve, as their 
production is politically restricted to a production quota. Therefore, the OPEC 
members have a production pattern showing a characteristic “OPEC-saddle”. This is 
exemplified by e.g. the production curve of Venezuela (see figure 14). 
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Figure 13. Oil production for France with its two production cycles, caused by two production areas 
opened after each other. The production is modelled with two superimposed Hubbert curves. 
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Figure 14. Oil production for Venezuela showing the so-called OPEC saddle, which is a characteristic 
pattern for all OPEC countries’ oil production. The Hubbert curve has a fairly close fit just in the 
beginning. 
 

Another useful tool showing the maturity of a country considering oil discovery and 
production is plotting cumulative discovery and production in a diagram. The gap 
between the cumulative amounts narrows, giving an indication of the ultimate. When 
the two lines meet, all that has been discovered has also been produced. France is one 
example of a mature country concerning oil production and discovery, see figure 15. 
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Figure 15. Cumulative oil production and discovery for France, showing a mature country regarding 
oil production and discovery. When the two lines meet, all that has been discovered has also been 
produced.  
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Figure 16. Oil production and discovery for Norway. The modelled Hubbert curve describing oil 
production is plotted on top of discovery, showing the pattern to be the similar, although of course the 
discovery curve and the Hubbert curve of discovery have different scales. The peak-lag between 
discovery and production in the case of Norway is 24 years. 
 

In some countries the pattern of production is similar to the pattern of discovery with 
a peak-lag of about two to three decades. This can in some cases be used in order to 
predict future production, i.e. to use the discovery trend and the assumption that the 
production pattern will look similar. One example where these patterns are similar is 
Norway, which has a peak-lag of 24 years. This is shown in figure 16. Another 
interpretation can be that it takes 24 years between the oil is discovered until it is 
produced. So when discovery decreases, within 24 years, so will the production. 

A powerful tool depicting the ultimate is the so-called creaming curve, described 
earlier. Some countries have creaming curves easy modelled by a hyperbola. The 
extended hyperbola can e.g. in Norway’s case predict the future discovery and 
ultimate. The creaming curve of Norway can be seen in figure 17. The hyperbola 
shows that 30Gb is a fairly good estimate of Norway’s ultimate. 

Much more work is called for on gas depletion. In this assessment the production was 
modelled in order to get a diagram of future hydrocarbon production. Production and 
depletion of all hydrocarbons, excluding tar sands, bitumen, oil shale, and methane 
hydrates, is shown in figure 18. The figure shows the assumption of the base case 
scenario for regular oil. The production of heavy oils is assumed to grow gradually, 
restricted only by the scale of the extraction process. The production of deepwater oil 
is assumed to be almost at the peak, which is predicted to come in 2010. Polar oil 
production will also increase slightly when e.g. new oil from Siberian enters the 
market. Previously the polar oil has mainly been oil from Alaska. Gas production is 
assumed to reach a plateau in 2015 lasting until 2040 when it is assumed to fall 
sharply. The gas related liquids, namely natural gas liquids (NGL), follows the pattern 
of gas production with a small increase due to an improved extraction factor.  
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Figure 17. The creaming curve of Norway modelled with a hyperbola showing future pattern of 
discovery. The asymptotical value of the hyperbola is a good estimate of the ultimate of the country. 
 

Furthermore, the production of non-regular gas is assumed to increase, mainly 
because of an increase of coal-bed methane production. The total peak of production 
of all hydrocarbons appear in 2010, thereafter production is heading downhill. 

The swing role of the Middle East Gulf countries was mentioned earlier and the 
scenarios determining world production/consumption of regular oil. Figure 19 shows  

 

Figure 18. The world’s production of all hydrocarbons excluding tar sand, bitumen, oil shale and 
methane hydrates. Regular oil production is divided into production from different regions. US-48 
represents the USA excluding Alaska and Hawaii, and the group other represents the rest of the world. 
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Figure 19. The impact of the five scenarios of world production/consumption, described in the oil 
depletion model, on the production of regular oil from the Middle East Gulf. 
 

what will be required from Middle East Gulf production in order to achieve the five 
scenarios described in the oil depletion model. Regardless which scenario is chosen 
the Middle East Gulf countries must increase their yearly production compared to 
2002. By following the base case scenario, as is illustrated in figure 19, the production 
must increase by about 42% until 2010 to keep world production/consumption flat. 
Following the very high scenario, the production must be doubled by 2013. Even the 
low scenario requires an increase in production of 55% until 2018, and although the 
very low scenario allows the production to decrease for a few years it still has to reach 
the 2002 level again before 2020.  

Because the global resources are unevenly distributed, the oil production of the future 
will also be unevenly distributed. The Middle East Gulf has got roughly two thirds of 
the resources of regular oil and their share of world production will exceed 50% by 
around 2020 (base case scenario, illustrated in figure 18). Thereafter, their share will 
steadily increase. This is shown in figure 20, which shows different regions’ share of 
world oil production. USA obviously had more than a 60% share of the world’s total 
production towards the end of 1940 when the Middle East Gulf started increasing 
their share of the market. 
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Figure 20. The different regions’ share of the total world production of regular oil from 1930 to 2050. 
The group other represents the rest of the world. The production is based on base case scenario 
explained in the model and illustrated in figure 18. 
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6.1.3 Reserves 
The total amount of regular oil produced in the world up to and including 2002 is 
891Gb. The total amount discovered is 1713Gb, which leaves the world with total 
reserves of regular oil of 822Gb.  

Brasil’s deepwater oil and Venezuela’s non-regular oil is included in the oil depletion 
model, which is used in order to have the same classification as is used in British 
Petroleum (BP) estimates, and to be able to compare the numbers with those 
published yearly by BP. In table 6 it is shown that the oil depletion model’s estimate 
is 846Gb and BP’s is 1051Gb. The difference between them is 205Gb and is most 
accounted for in the difference in the Middle East, which is described by the OPEC 
“quota war”. What should be noticed is that, what was explained earlier as reasonable 
certainty, differs between the numbers from the oil depletion model and those from 
BP. The oil depletion model explains discoveries with P50 certainty while BP 
explains them with P90. This means that translating the numbers in the oil depletion 
model to the same level of certainty as the numbers of BP, they would become even 
smaller. The BP numbers on proven reserves include conventional oil, shale oil, tar 
sand, and natural gas liquids.  

Another comparison made was to the numbers in [10]. The report has different 
classifications and is, therefore, summarised in a different table, i.e. table 7.  
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Table 6. Proved reserves, a comparison between the oil depletion model and published data by British 
Petroleum (BP). [1] The big difference is in the Middle East where the oil depletion model takes 
OPEC’s “quota war” into account. 

Region 

 

Oil Depletion Model 

[Gb] 

BP (a) 

[Gb] 

Europa 23 19 

Middle East(b) 485 686 

Former Soviet Union 88 65 

Africa 77 77 

North America + Mexico 49 64 

Asia-Pacific(c) 52 44 

Latin America(d) 72 96 

Total 846 1051 
(a) Includes conventional oil, shale oil, tar sand, and natural gas liquids (NGL) 
(b) Corresponds to the oil depletion model’s  Middle East Gulf + Middle East Others 
(c) Corresponds to the oil depletion model’s Far East + China 
(d) Corresponds to the oil depletion model’s Latin America except Mexico, but including Brasil 
deepwater oil, and Venezuela non-regular oil 
 
Table 7. Estimates of global conventional and unconventional oil and gas, from [10]. 

(a) Proved recoverable reserves at P90 (90% certainty to be recovered at present economic and 
technological circumstances) 

Oil and Gas Reserves 
[Gb] (a) 

Resources 
[Gb] (b) 

Resource 
Base [Gb] (c) 

Additional 
occurrences [Gb] (d) 

Conventional Oil 1100 1063 2162  

Unconventional Oil(e) 1341 2463 3804 13370 

Total Oil 2441 3526 5966 13370 

Conventional Gas(f) 1034 2045 3079  

Unconventional Gas(g) 1408 1891 3299 2837 

Clathrates - - - 137503 

Total Gas 2440 3936 6378 140340 

(b) Reserves to be discovered or resources developed to reserves. Corresponds to the oil depletion 
model’s yet-to-find and unforeseen. 
(c) The sum of reserves and resources. Corresponds to the oil depletion model’s ultimate. 
(d) Additional occurrences outside the corresponding the oil depletion model’s unforeseen. 
(e) Oil shale, tar sands, deepwater oil, and heavy oil 
(f) Includes Natural Gas Liquids (NGL) 
(g) Gas in Devonian shale, tight sand formations, geopressured aquifers, and coal seams. 
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Table 6 and table 7 show a difference between proven reserves in [10] and [1], 
1051Gb and 2441Gb respectively. Compared to the oil depletion model, [10], has an 
ultimate amount of oil of almost 6000Gb, which is more than three times bigger than 
what is explained in the model. The stated resources in table 7, 1063Gb of 
conventional oil, 2464Gb unconventional oil, and the total of 3526Gb are much 
bigger than the 187Gb regular oil yet-to-find and unforeseen in the depletion model. 
On top of the almost 6000Gb in [10], there is an additional 13000Gb of oil in 
additional occurrences, which has nothing akin in the depletion model. 

 

6.2 IPCC Comparison 
 

The results in the oil depletion model were, as described earlier, converted into energy 
and plotted together with the IPCC SRES scenarios in order to make a comparison. 
The plots of world primary energy production from oil and gas are shown in figures 
21 and 23. Although the scenarios cover a wide range of oil and gas production, the 
numbers from the oil depletion model stay in the lowermost region of this range. 
Predominantly, primary energy production from oil and gas stays lower than all SRES 
scenarios. The peak production of oil according to the model comes around 2010 
while mean production peak according to SRES scenarios appears to come around 
2040. The scenarios with the highest oil production are the oil and gas intensive A1G-
scenarios. The peak production of gas according to the model peaks in 2040 while 
mean production peak according to SRES scenarios comes between 2060-2080. The 
scenarios of gas production also have A1G-scenarios accounting for the highest 
values. 

To easier distinguish the difference in total amount of primary energy produced from 
oil and gas during 1990-2100, plots of the cumulative amounts produced were made. 
The plots are shown in figures 22 and 24. These figures show clearly that the numbers 
of oil and gas production from the oil depletion model are lower than all SRES 
scenarios. Furthermore, the oil and gas intensive A1G-scenarios have the highest 
amounts of oil and gas produced. 

Because the literature often shows results on energy produced from both oil and gas 
together, the numbers from both the oil depletion model and the SRES were also 
added together. The resulting diagrams can be seen in figure 25 and 26, which shows 
an even bigger difference between the oil depletion model and SRES. Figures 27-29 
show the amount of oil and gas needed to be able to follow the primary energy 
production in the 40 SRES scenarios and also the amount of oil considered to be 
produced in the future according to the oil depletion model. In figures 21 and 23 it is 
shown that both oil and gas production are down close to zero in 2100, and not much 
more oil or gas is available for production. What should be kept in mind is that most 
SRES scenarios are not close to zero production and will, therefore, need an 
additional amount of oil and gas in order to eventually bring production down to zero 
beyond 2100. There is a vast difference seen between the produced amount of oil and 
gas in the oil depletion model and that for the SRES scenarios. The produced amount 
of both oil and gas according to the oil depletion model are about 50% of the mean 
and median amounts for the SRES scenarios for the period 1990-2100. The scenarios 
closest to the model’s, e.g. A1 ASF, A1C MiniCAM, A2 MiniCAM, and B2HIGH 
MiniCAM have a high primary energy production from coal instead, see figure 29. 
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What should also be kept in mind is that the numbers from the model is based on the 
assumption that all crude oil (regular oil) is turned into primary energy. In reality, the 
refineries have an efficiency today of about 90% and just about 90% of the refined 
products are actually used to produce primary energy (fuel oil, jet fuel, gasoline, etc.). 
This means that only about 81% of the regular oil will be turned into primary energy. 
Products not turned into primary energy are e.g. lubricants, solvents, asphalt, etc. [18] 

 61



0

100

200

300

400

500

600

700

1930

Pr
im

ar
y 

en
er

gy
 p

er
 y

ea
r [

EJ
]

62

Figure 2
to the oil 
NGL, and
Comparision with IPCC's 40 Scenarios of World 
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1. IPCC’s 40 scenarios on world primary energy produced from oil 1990-2100 compared to the oil production according 
depletion model 1930-2100. The group all liquids includes heavy oil, extra heavy oil, deepwater oil, polar oil, gas plant 
 condensate. 
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 22. IPCC’s 40 scenarios on world cumulative primary energy produced from oil compared to the cumulative oil production 
ng to the oil depletion model. The group all liquids includes heavy oil, extra heavy oil, deepwater oil, polar oil, gas plant 
nd condensate. 
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 Figure 23. IPCC’s 40 scenarios on world primary energy produced from gas 1990-2100 compared to the gas production according 
to the oil depletion model 1930-2100. The group all gas includes non-regular gas e.g. coal bed methane. 
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Figure 24. IPCC’s 40 scenarios on world cumulative primary energy produced from gas compared to the cumulative gas production 
according to the oil depletion model. The group all gas includes non-regular gas e.g. coal bed methane 
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6. IPCC’s 40 scenarios on world cumulative primary energy produced from oil and gas compared to the cumulative oil and 
ction according to the oil depletion model. . The group All Oil and Gas includes heavy oil, extra heavy oil, deepwater oil, 

 gas plant NGL, condensate, and non-regular gas e.g. coal bed methane. 

 



 

Figure 27. Amount of oil produced by the IPCC’s scenarios and the oil depletion model 1990-2100. 
Colours are according to scenario family. A1 – Red, A2 – Blue, B1 – Green, B2 – Lilac. The numbers 
from the oil depletion model are to the right. 
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Figure 28. Amount of gas produced by the IPCC’s scenarios and the oil depletion model 1990-2100. 
Colours are according to scenario family. A1 – Red, A2 – Blue, B1 – Green, B2 – Lilac. The numbers 
from the oil depletion model are to the right. 
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Figure 29. Amount of oil and gas produced by the IPCC’s scenarios and the oil depletion model 1990-
2100. Colours are according to scenario family. A1 – Red, A2 – Blue, B1 – Green, B2 – Lilac. The 
numbers from the oil depletion model are to the right. 
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6.3 UNCCC – Kyoto 
 

Plotting the SRES marker scenarios onto the Bern-CC emission scenarios shows if 
any of the different SRES worlds give the impression of stabilising the atmospheric 
CO2 concentration within the next century. The plot is shown in figure 30. The A2 
marker scenario has an apparently linear increase in CO2 emission during the whole 
21st century and it even exceeds the WRE-1000ppm emission scenario before 2060. 
Also the B2 marker scenario increases apparently linear through the whole century. 
The difference from the A2 marker scenario is that the B2 marker scenario still falls 
inside the WRE-1000ppm emission scenario, although it gives the impression of not 
stabilising. Quite the opposite, the A1 marker scenario stays within the WRE-750ppm 
emission scenario, it peaks around 2050 and then it falls steadily. The B1 marker 
scenario keeps within the WRE-550ppm and the WRE-650ppm emission scenario, but 
the emissions seem to decrease under the latter after 2100. 

There is no scenario describing the Kyoto protocol, the first goal set up is to have 
lowered the 1990 world CO2 emissions 5% by the period 2008-2012. According to the 
SRES scenarios, the world CO2 emission 1990 was around 6GtC (Gigatonnes 
Carbon). In order to follow the Kyoto protocol, the world CO2 emission must be 
lower than 6GtC by 2008-2012. This falls within an emission scenario lower than the 
WRE-450ppm. 

The oil depletion model describes a production of oil (all-liquids) between 1990-2200 
of 1761Gb and a production of gas (all gas) of 2001Gboe (Gigabarrel oil equivalent). 
The lowest marker scenario, B1, has an oil and gas production of 3828Gb and 
3097Gboe respectively. This is a just 46% of B1’s oil production and 65% of the gas 
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production. The scenario’s total primary energy production in 2100 is roughly 500EJ, 
out of this 100EJ will be produced from oil and 100EJ from gas. According to the oil 
depletion model the primary energy production from oil and gas that year could be 
17EJ and 35EJ respectively, at a maximum. This means just 17% and 35% of the B1 
production. The B1 marker scenario production of primary energy behaves the same 
way as the CO2 emission, i.e. peaking 2040-2050 and than falling thereafter. If the oil 
and gas used for producing primary energy only were to be taken from the oil 
depletion model the production would be 352EJ instead of 500EJ in 2100, i.e. just 
70%. This all means that burning all oil and gas in the oil depletion model would still 
not reach the CO2 emissions in the B1 marker scenario.  

What should be noticed is that the B1 marker scenario is the SRES scenario with the 
lowest total primary energy production 2070-2100. Moreover, the primary energy 
production of the B1 marker scenario is falling steadily, starting 2050 (see figure 30). 
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Figure 30. IPCC’s SRES marker scenarios plotted on top of the Bern-CC emission scenarios. The 
figure shows two alternative futures possibly generating a stabilisation in atmospheric CO2 
concentration within the next centuries. The lower boundaries of each Bern-CC emission scenario, 
except the 450ppm, are hidden behind emission scenarios with lower concentrations. Therefore, the 
lower boundaries are represented by broken lines. 
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7 Conclusions and discussion 
 

7.1 Oil depletion model 
 

Estimates on oil and gas reserves are hard to compare since there are many different 
classifications on oil and gas in the literature. In this report classifications have been 
made according to the way the different oils and gases deplete to be able to predict 
future production. 

The five scenarios on future oil production described in the oil and gas depletion 
model are five easy but still realistic scenarios. They seem to be very similar but mean 
very different things for the Middle East Gulf regular oil production. Following the 
high or the very high scenario, the Middle East Gulf must double its production 
within ten years to make it possible. By following the base case scenario, as is done in 
the oil depletion model, the Middle East Gulf still need to increase their production by 
almost 40% before 2010. 

Figure 11 shows how the most oil found in giant oil fields was found in the 1960s 
although the most giant oil fields were found in the 1970s. This indicates that larger 
giant oil fields were found in the 1960s. After the 1960s both oil discovery in giant oil 
fields and the amount of giant oil fields have decreased yearly. Smaller and smaller 
fields are discovered containing less and less amount of regular oil. Since the oil must 
be discovered before we can use it, when oil discovery decreases, the amount of oil 
available for production decreases as well. Norway’s oil discovery and production 
patterns describe this peak-lag of 24 years in this case between the peak of discovery 
and the peak of production. According to the oil depletion model the total discovery 
of regular oil has been decreasing since the 1960s and the peak of all hydrocarbon 
production will come around 2010. 

Since oil and gas are considered to be finite resources, there will be less oil and gas 
left in the oil and gas fields for every barrel that is produced. This means that the 
faster we use the oil and gas, the faster we will deplete the resources. Another way of 
saying it would be: the more oil and gas we use today, the less we will have left to use 
tomorrow. 

The Hubbert curve modelling in the oil and gas depletion model is to be seen as 
illustrative and not to be the reality. Production according to the Hubbert curve only 
occurs in the absence of economic and political constraints. The areas beneath the 
Hubbert curve and the production curve (past and predicted) are the same, and based 
on the ultimate recoverable amount of oil for each country or region. 

The knowledge on oil discovery and production is more extensive within Uppsala 
Hydrocarbon Depletion Study Group, than on the corresponding for gas. Therefore, 
gas discovery and production calls for more research, as these numbers have a bigger 
uncertainty than those on oil. 

The extensive amount of facts regarding oil and gas production and discovery 
provided by the oil depletion model is not all presented in this report. Additional 
extensive work on oil and gas production and discovery, based on these results, is in 
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progress by Uppsala Hydrocarbon Depletion Study Group (UHDSG). There will be 
further results and facts presented by this group the coming years. 

The numbers of ultimate recoverable resources of oil and gas in the oil depletion 
model are similar but lower in comparison with numbers published by BP and Oil and 
Gas Journal. [1], [11] The same numbers in the Rogner report, [10], are a great del 
larger than those from the oil depletion model, BP, and Oil and Gas Journal. The big 
difference in the Rogner report, [10], is the reserves of non-regular oils. The oil 
depletion model, BP, [1], and Oil and Gas Journal, [11], but not Rogner, [10], have 
used production numbers that the oil industry considers being realistic. [19]. This 
article describes how much the production of heavy oils could increase in the future. 
With the depleting gas production, Canada has a problem increasing production of 
heavy oils to more than 2-2,5 million barrels per day. This is not even close to what is 
needed to eliminate a peak production of hydrocarbons around 2010. [19], [20] 

Another thing that should be noticed in the discussion about world oil resources is that 
Oil and Gas Journal has started a series of special reports concerning future energy 
supply. The series started in the issue of July 14th with an article written by Colin J. 
Campbell, who is the founder of ASPO and a member of UHDSG. 

 

7.2 IPCC’s SRES 
 

IPCC’s SRES report, [3], states that there is no disaster or surprise scenario 
considered. Basing oil, gas, and coal resources on the Rogner report, [10], with its 
vast resource numbers, is to consider the maximum amount of resources possible. 
Hence, there is no surprise-scenario assuming a larger amount of resources. A smaller 
amount of resources on the other hand is represented by the oil depletion model in this 
report and by Williams in Oil and Gas Journal. [19] 

Under the assumptions in the oil depletion model, there is not a single SRES scenario 
that is as low in oil and gas production. To be able to produce oil and gas until 2100 
according to most SRES scenarios, a world oil and gas reserve twice as large than 
what we have today is required. Furthermore, most SRES scenarios will, in addition 
to the amount of oil and gas produced until 2100, require the same amount of oil and 
gas in order to bring production down to zero beyond 2100. This means that the 
difference between most SRES scenarios and the oil depletion model is even greater 
than what the figures actually show. Moreover, as described earlier in the report, only 
about 81% of the produced amount of oil and gas from depletion model will actually 
be used for primary energy production.  

The amounts of oil and gas required to reach the SRES scenarios with the highest CO2 
emissions are so large that based on the oil depletion model and numbers published in 
Oil and Gas Journal, [11], these scenarios are considered to be unrealistic. 

Coal might become even more important in future primary energy production than 
IPCC has taken into account. The coal resources are much bigger than for oil and gas, 
and still not very expensive to produce. The total primary energy production is not 
assumed to fall until 2100, except for in most B1 scenarios. The A1 and B2 scenarios 
stabilise to 2100, but some A1 scenarios on levels five times larger than the 
production in the B1 marker scenario. Furthermore, the A2 scenarios keep increasing 
up to 2100. Following these scenarios, given that oil and gas reserves are depleting, 
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other large energy sources are needed to be put into production without delay. The 
significant energy sources available at present are the renewable energy sources and 
nuclear power.  

 

7.3 UNFCCC and the Kyoto protocol 
 

This report does not question the greenhouse effect or the climate change. It is NOT 
an indication that the Kyoto protocol is useless given that oil and gas are finite 
resources. Furthermore, it is not in any way a solution to future problems relating to 
world energy production. This report combines results from different studies in 
different areas to try and get a better understanding for some future energy and 
climate related problems.  

The Kyoto protocol is still relevant although oil and gas reserves are down to almost 
half the ultimate amount possible to produce and that production will start falling 
within a decade. There are other fossil resources that might be easier to use than oil 
and gas in the future, e.g. coal. Burning other fossil resources will also produce CO2 
emissions, which could even become larger than those from oil and gas are today. 
This could mean an additional negative effect on the climate and should, therefore, be 
taken into consideration by authorities when deciding on future energy production. 
Other significant sources of energy available at present are, as explained above, 
renewable energy sources and nuclear power. 

All SRES scenarios on CO2 emissions are significantly larger compared to what is 
required by the Kyoto protocol. The A2 and B2 marker scenarios do not show any 
trend to stabilise, they are steadily increasing to 2100 and the A2 marker scenario has 
an emission twice as large as the B2 marker scenario. The A1 marker scenario follows 
the Bern-CC emission scenario for stabilising atmospheric CO2 concentration on 
1000s-750ppm. The lowest SRES scenario, the B1 marker scenario, follows the 
emission scenarios for stabilising the concentration on 650-550ppm. The Kyoto 
protocol on the other hand requires that CO2 emissions should be reduced to 95% of 
the emissions in 1990 by 2012. After 2012 the emissions are supposed to be reduced 
more, by how much will be decided in 2005. Comparing the Kyoto protocol to the 
Bern-CC emission scenarios would put the Kyoto protocol emission requirements 
below the lowest Bern-CC scenario, which means a stabilisation value around 
400ppm, much lower than the lowest SRES scenario.  
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Appendix 1

World CONVENTIONAL OIL PRODUCTION Revised: 2003-03-20

2003 Excluding: 1. Oil from Coal, Shale and Bitumen. 2. Heavy, Deepwater and Polar Oil. 3. Gas plant NGL and Gas related Condensate.

PRODUCTION   [Gb]
KNOWN FIELDS NEW ALL TOTAL

     Present        Past Future Total FIELDS FUTURE % Dep. MP Peak
        2002 5yr         Reported Reserves Yet Yet Disc Rate Dep. Prod.

Country Cum. Trend World O&GJ Reserve Disc. to to Date Date
[kb/d] [Gb/a] Oil % % Find Produce Ultimate

1 Saudi Arabia 7380 2,69 94 -2% 259,3 138% 259,3 138% 187 282 18,3 205,6 300 94% 1,3% 2018 2011
2 Russia 7385 2,70 124 4% 53,9 95% 60,0 106% 57 181 29,4 86 210 86% 3,0% 1994 1987
3 USA 4239 1,55 171 -2% 21,5 104% 22,4 109% 21 191 3,8 24,4 195 98% 6,0% 1971 1971
4 Iran 3450 1,26 53 -1% 99,1 141% 89,7 128% 70 124 6,4 76,5 130 95% 1,6% 2009 1974
5 Iraq 2030 0,74 27 -1% 115,0 122% 112,5 119% 95 122 8,1 102,7 130 94% 0,7% 2031 2019
6 Venezuela 2415 0,88 46 -2% 50,2 137% 77,8 213% 37 83 7,4 43,9 90 92% 2,0% 2001 1970
7 Kuwait 1600 0,58 31 -2% 96,5 174% 94,0 169% 56 86 3,6 59,2 90 96% 1,0% 2020 1971
8 Abu Dhabi 1690 0,62 18 -2% 61,9 110% 92,2 163% 56 74 3,6 60,0 78 95% 1,0% 2028 2010
9 China 3400 1,24 29 1% 29,5 115% 18,3 71% 26 54 10,7 36 65 83% 3,3% 2005 2003

10 Libya 1300 0,47 23 -1% 30,0 106% 29,5 105% 28 51 3,9 32 55 93% 1,5% 2011 1970
11 Nigeria 1930 0,70 22 -2% 30,0 124% 24,0 99% 24 47 4,4 29 51 91% 2,4% 2007 1979
12 Mexico 3180 1,16 29 1% 23,1 135% 12,6 74% 17 46 4,2 21,4 50 92% 5,1% 1999 2002
13 Kazakhstan 800 0,29 6 11% --- 0% 9,0 39% 23 29 11,2 34 40 72% 0,9% 2029 2029
14 Indonesia 1120 0,41 19 -3% 9,2 86% 5,0 47% 11 30 2,9 13,6 33 91% 2,9% 1995 1977
15 UK 2250 0,82 20 -3% 4,6 50% 4,7 52% 9 29 3,2 12,4 32 90% 6,2% 1998 1999
16 Norway 3150 1,15 16 1% 10,3 92% 10,3 92% 11 27 2,5 13,7 30 92% 7,7% 2001 2001
17 Algeria 850 0,31 12 1% 17,0 128% 9,2 69% 13 25 3,6 17 29 88% 1,8% 2010 1978
18 Canada 986 0,36 19 -2% 5,4 112% 180,0 3772% 5 23 1,6 6,4 25 94% 5,3% 1986 1973
19 Neutral Zone 535 0,20 6,6 -1% 5,9 98% 5,0 83% 6 13 2,8 8,9 15,5 82% 2,2% 2008 2000
20 Azerbaijan 300 0,11 7,8 6% --- 0% 7,0 122% 6 14 1,4 7 15 90% 1,5% 1999 2011
21 Oman 895 0,33 7,0 0% 5,9 85% 5,5 79% 7,0 13,9 1,1 8,0 15 93% 3,9% 2004 2001
22 Qatar 640 0,23 6,8 -1% 13,8 328% 15,2 361% 4,2 11,0 3,0 7,2 14 78% 3,1% 2003 2000
23 Egypt 750 0,27 8,7 -3% 3,7 103% 3,7 104% 3,6 12,2 0,8 4 13 94% 6,0% 1995 1995
24 India 663 0,24 5,6 0% 3,8 81% 5,4 114% 4,7 10,3 1,7 6,4 12 86% 3,6% 2000 1996
25 Argentina 750 0,27 8,2 -2% 2,9 83% 2,9 83% 3,5 11,7 0,3 3,8 12 97% 6,7% 1994 1998
26 Angola 700 0,26 4,6 -3% 6,0 152% 5,4 138% 3,9 8,5 1,5 5 10 85% 4,5% 2004 1998
27 Malaysia 760 0,28 5,3 1% 4,5 113% 3,0 76% 4,0 9,2 0,8 4,7 10 92% 5,5% 2001 2002
28 Colombia 583 0,21 5,7 -5% 1,9 53% 1,8 52% 3,5 9,2 0,8 4,3 10 92% 4,7% 1999 1999
29 Australia 633 0,23 5,8 4% 3,8 166% 3,5 151% 2,3 8,1 0,4 2,7 8,5 95% 7,8% 1995 2000
30 Ecuador 398 0,15 3,2 1% 2,6 59% 4,6 104% 4,4 7,7 0,8 5,3 8,5 90% 2,7% 2008 2004
31 Romania 118 0,04 4,9 -2% 1,2 46% 1,0 38% 2,5 7,4 0,4 3 7,8 95% 1,5% 1984 1976
32 Brazil (Conv.) 300 0,11 4,5 -7% 8,6 376% 8,3 366% 2,3 6,8 0,7 3,0 7,5 90% 3,5% 1997 1986
33 Syria 490 0,18 3,8 -2% 2,3 140% 2,5 152% 1,6 5,4 0,6 2,2 6,0 90% 7,5% 1998 1995
34 Turkmenistan 180 0,07 2,9 7% --- 0% 0,5 44% 1,3 4,2 0,8 2 5,0 84% 3,1% 1992 1973
35 Dubai 200 0,07 3,7 -7% 0,9 113% 4,0 493% 0,8 4,5 0,2 1,0 4,8 95% 6,6% 1990 1991
36 Gabon 294 0,11 2,9 -3% 2,4 162% 2,5 168% 1,5 4,3 0,2 2 4,5 97% 6,1% 1997 1996
37 Brunei 185 0,07 3,0 6% 1,2 108% 1,4 125% 1,1 4,0 0,5 1,5 4,5 90% 4,2% 1990 1978
38 Trinidad 127 0,05 3,1 1% 0,7 59% 0,7 59% 1,2 4,3 0,2 1,4 4,5 96% 3,2% 1985 1978
39 Ukraine 72 0,03 2,7 -4% --- 0% 0,4 40% 1,0 3,6 0,4 1 4,0 91% 1,9% 1984 1970
40 Peru 91 0,03 2,2 -4% 0,9 126% 0,3 45% 0,7 2,9 0,6 1,3 3,5 84% 2,5% 1990 1983
41 Yemen 350 0,13 1,6 -2% 2,4 179% 4,0 299% 1,3 3,0 0,5 1,9 3,5 84% 6,4% 2003 1999
42 Vietnam 304 0,11 0,9 12% 2,2 107% 0,6 29% 2,1 2,9 0,3 2,4 3,3 90% 4,5% 2009 2001
43 Denmark 365 0,13 1,3 11% 1,3 193% 1,3 193% 0,7 2,0 1,0 1,7 3,0 68% 7,4% 2003 2003
44 Congo 250 0,09 1,5 1% 1,6 173% 1,5 166% 0,9 2,4 0,3 1 2,8 88% 6,9% 2000 2000
45 Germany 72 0,03 1,9 5% 0,3 74% 0,3 87% 0,4 2,3 0,1 0,5 2,4 97% 5,2% 1976 1967
46 Tunisia 71 0,03 1,2 -2% 0,5 79% 0,3 46% 0,7 1,9 0,3 1 2,2 85% 2,5% 1995 1985
47 Sudan 210 0,08 0,2 445% 0,7 60% 0,6 48% 1,2 1,4 0,6 2 2,0 71% 4,2% 2009 2006
48 Uzbekistan 150 0,05 1,1 -2% --- 0% 0,6 157% 0,4 1,4 0,6 1 2,0 72% 5,5% 2001 1998
49 Italy 87 0,03 0,9 -4% 0,6 50% 0,6 57% 1,1 2,0 0,0 1,1 2,0 99% 2,7% 2006 1997
50 Cameroon 69 0,03 1,0 -9% --- 0% 0,4 107% 0,4 1,4 0,1 0 1,5 94% 5,1% 1994 1986
51 Thailand 130 0,05 0,4 15% 0,6 93% 0,6 92% 0,6 1,1 0,4 1,1 1,5 71% 4,2% 2008 2005
52 Bahrain 32 0,01 1,0 -1% --- 0% 0,1 63% 0,2 1,2 0,3 0,5 1,5 79% 2,2% 1985 1970
53 Bolivia 32 0,01 0,4 3% 0,5 67% 0,4 62% 0,7 1,1 0,2 0,9 1,4 84% 1,2% 2017 2017
54 Hungary 22 0,01 0,7 -3% 0,1 22% 0,1 21% 0,5 1,2 0,1 1 1,3 90% 1,3% 1999 1987
55 Turkey 47 0,02 0,8 -6% 0,3 125% 0,3 134% 0,2 1,1 0,1 0,4 1,2 88% 4,4% 1992 1992
56 Netherlands 42 0,02 0,8 -5% 0,1 36% 0,1 55% 0,2 1,0 0,1 0,3 1,1 92% 5,3% 1989 1987
57 Croatia 21 0,01 0,5 -6% 0,1 29% 0,1 28% 0,3 0,8 0,2 0,5 1,0 82% 1,5% 2003 1988
58 France 26 0,01 0,7 -5% 0,1 132% 0,1 132% 0,1 0,8 0,1 0,2 1,0 88% 4,1% 1988 1988
59 Austria 18 0,01 0,8 -2% 0,1 79% 0,1 79% 0,1 0,9 0,0 0,1 0,9 98% 5,2% 1970 1955
60 Pakistan 60 0,02 0,5 2% 0,3 94% 0,3 98% 0,3 0,8 0,1 0,4 0,9 86% 4,7% 2001 1992
61 PNG 46 0,02 0,3 -9% 0,5 130% 0,2 69% 0,3 0,7 0,2 0,6 0,9 76% 2,9% 2007 1993
62 Albania 6 0,00 0,5 -2% 0,0 15% 0,2 129% 0,1 0,7 0,1 0,3 0,8 83% 0,9% 1986 1983
63 Sharjah 44 0,02 0,5 -7% --- 0% 1,5 2531% 0,1 0,5 0,3 0,3 0,8 66% 4,7% 1993 1997
64 Chile 7 0,00 0,4 -4% 0,0 47% 0,2 587% 0,0 0,4 0,1 0,1 0,5 89% 3,1% 1979 1982

REGIONS
1 M.E. Gulf 16685 6,09 231 -1% 637,7 136% 652,7 139% 470 701 43 513 744 94% 1,2% 2020 2011
2 Eurasia 12454 4,55 179 3% 96,2 82% 97,1 83% 117 297 55 172 352 84% 2,6% 1999 1987
3 North America 5225 1,91 189 -2% 26,9 106% 202,5 797% 25 215 5 31 220 98% 5,8% 1972 1972
4 Latin America 7882 2,88 102 -1% 91,3 130% 109,7 157% 70 173 15 85 188 92% 3,3% 1999 1998
5 Africa 6424 2,34 77 -1% 91,8 118% 77,1 99% 78 155 16 93 171 91% 2,4% 2006 1997
6 Far East 3901 1,42 41 1% 26,0 100% 20,0 77% 26 67 7 33 75 90% 4,1% 1999 2000
7 Europe 6010 2,19 42 -1% 17,3 76% 17,6 77% 23 65 7 30 72 90% 6,8% 1999 2000
8 M.E. Others 2698 0,98 25 -2% 25,6 166% 33,1 214% 15 41 6 22 47 87% 4,4% 2000 1998
9 Other 509 0,19 3 6% 10,4 160% 6,1 93% 7 10 0 7 10 99% 2,7% 2011 2006

10 Unforseen 22 22 22
Non-Swing 45104 16,46 661 0% 385,5 110% 563,2 160% 352 1012 144 496 1157 88% 3,2% 1995 1997

WORLD 61789 22,55 891 0% 1023,2 125% 1215,9 148% 822 1713 187 1009 1900 90% 2,2% 2005 2000
Note: ME Gulf = Abu Dhabi, Iran, Iraq, Kuwait, NZ, Saudi Arabia ; Eurasia = China & former communist bloc; N.America = Canada & USA; USA = US-48; 
Other= small & future producers; "Unforeseen" = rounding balancing item. Non-Swing = World less ME Gulf. Heavy = <17.5oAPI. Deepwater = >500m
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