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On 21 October the final workshop was held in Brussels (Belgium) of the

integrated transport and energy baseline until 2030 (iTREN-2030)

modeling project. At the workshop a final scenario was presented that

a ‘ incorporated likely transport and energy policies, and the effects on
iTREN-2030 European transport of a continued global plateau in oil production up to
2030. The integrated scenario was generated by four energy and transport

models that have been linked in iTREN-2030 to increase the forecasting
power of the transport policies of the European Commission.

In this post I describe the iTREN-2030 project and the different models, covering the POLES
global energy supply and demand model in more detail, highlight the conclusions of the present
integrated scenario, and give my reflection on the workshop commenting on some areas of
improvement to augment the potential of the models.

The iTREN-2030 project is all the more important because the resulting model set and
integrated scenario will be used by the European Commission (DG-Tren) in preparing the white
paper on transport policies due for 2010. After discussion with the European Parliament and
approval by the council of Minister, the European Union will as a result have set out its new
course for the future of transport in the period up to 2020.

The iTREN-2030 project

The integrated transport and energy baseline until 2030 (iTREN-2030) project ran for 30
months starting May 2007 and ending October 2009. Funded by the 6th framework program of
the European Commission the project aimed to extend the forecasting and assessment capabilities
of TRANS-Tools, which is the EU transport network analysis model. Including the potential to
include new policy issues. With the end goal of giving the European Commission the possibility to
create coherent baselines wherein technology, transport, energy, environment and economic
developments until 2030 are integrated. The project was carried out by a consortium of seven
institutes among which ISI (Germany), NEA (Netherlands), TRT (Italy), TML (Belgium), IWW
(Germany), IPTS (SPAIN), TNO (Netherlands).

In more detail the project entailed linking and improving four different models that already
existed, thereby enabling a more integrated modeling exercise on transport and energy. The
advantage of linking these models is the creation of a much more detailed outlook. Each model
covers its own area (transport network, energy supply, passenger flows, emissions etc.) in much
more details than the others do. By linking them many more variables and feedbacks within the
system can be taken into account.

The four models are
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- TRANS-Tools (PDF Description), the model mainly used by the European Commission which
gives an overview of the European Transport Network covering passengers and freight and inter
modal transport.

- TREMOVE (PDF Description), a model that assesses the effects of different transport and
environmental policies on the emissions of the transport sector in EU-27.

- POLES, (PDF Description), a model that simulates long term energy supply and demand
developments for different regions of the entire world including sources such as fossil fuels and
renewable energy soures as well as energy types such as heat and liquid fuels.

- ASTRA, (PDF Description), a system dynamics model that incorporates technology,
employment and energy policy to analyse long-term consequences of European transport policies
within the EU-27 plus Norway and Switzerland.

An overview of the four models and how they were linked is given in figure 1 below.

Figure 1 - Overview of the linkages in the iTREN-2030 project between TRANS-Tools,
TREMOVE, POOLS and ASTRA, Source: iTREN-2030 website
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Limits to understanding: transparency and accessibility of the models

To understand a scenario we need information on which assumptions, formulas and data have
been used in its derivation. In the best case detailed documentation is made available alongside a
copy of the model itself. Although all the models are accessible to the European Commission and
the consortium, some of them are proprietary in case of iTREN-2030. TREMOVE and TRANS-
tools can be downloaded at no cost on the internet, but ASTRA and POLES are not available. This
creates boundaries in comparing the outcome of these models with other studies. As a
consequence most questions at the final workshop were related to understanding what the
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consortium did on many specific input levels such as how a 'breakthrough' in electric cars had
been implemented in the model.

The need for transparency was also brought up by the consortium as a recommendation by
participants of previous workshops, and by participants in the final workshop. Some effort was
made by the iTREN-2030 partners to increase input by organizing two additional workshops
were participants were given the possibility to recommend input on specific terrains. One of the
outcomes of these additional workshops was the addition of economic crisis effects in the
integrated scenario presented at the final workshop.

The POLES Energy Model

Since the Oil Drum is a blog about Energy and our future, and the POLES model covers the
energy aspects of this modeling project, I highlight its core as far as information is available.
POLES was developed by the French research institute IIEPE-EPE together with French energy
consultancy Enerdata and the Institute for Prospective Technological Studies of the European
Commission (IPTS). It has seen several iterations and was used in the World Energy Technology
2050 outlook by the European Commission and the 2007 World Energy Council Policy Scenarios
(PDF).

The Poles model divides the world in 47 zones. A total of 32 of these zones represent individual
countries including the G7 countries, the European Union countries and BRIC countries. The
other countries are modeled as 18 homogeneous regions. For example all of Africa except the
northern countries are modeled as the region SSAF

Figure 2 - POLES country and region coverage, Source: iTREN-2030 POLES documentation

The model employs a 'backward' calculation from final energy demand to primary energy supply.
Starting with estimating final energy demand in different sectors including different Industries
(Steel, Chemical, Non-Metallic, other), Transport Modes (Road, Rail, Air, Other), and RAS
(Residential, Service, Agriculture). Separate calculations are made for 12 non-fossil energy
technologies and 12 power generation technologies. In the next step diffusion of new & renewable
energy technologies is modeled and generation of these sources subtracted from final energy
demand resulting in 'net final energy demand', subsequently electricity transformation in fossil
fuel power plants is 'undone' resulting in the needed primary fossil fuels to supply the remaining

total fossil) energy demand. Imports and exports are incorporated to simulate trade flows of fossil
fuels.
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Figure 3 - POLES model overview with arrows indicating model hierarchy, Source: iTREN-
2030 POLES documentation
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Oil and gas production is simulated by a discovery and reserve modeled using United States
Geological Service (USGS) data from the World Petroleum Assessment 2000. Specifically:

- First the model estimates the cumulative amount of oil discovered as a function of the Ultimate
Recoverable Resources (revision of USGS numbers with discoveries and production).
Incorporating a recovery ratio that increases over time also depending on the price of the
resource. In the World Energy Technology Outlook 2050 upon which iTREN-2030 was based the
recovery rate for oil increased from 35% today to 50% in 2050.

- Secondly remaining reserves are calculated as being equal to the difference between cumulative
discoveries and cumulative production. Using Rt+1 = Rt + DISt - Pt (where R = reserves, DIS =
discoveries, P = production, subscript t = year of account).

- Thirdly, the model calculates production for non-OPEC based on a Reserves-to-Production ratio
decreasing over time and the calculated remaining reserves, and for OPEC based on the oil
needed to balance the oil market (OPEC total oil production = total oil demand - Non-OPEC total
oil production).

The world oil price in the model is for the short-term based on the rate of capacity utilization in
the OPEC gulf, and in the medium and long-term on the world R/P ratio (including
unconventional oil). Unconventional oil comes into play at a certain price when it is deemed
competitive versus conventional oil. The price of gas is calculated in three different regional
markets (US, Europe and ?) depending on demand, domestic production and supply capacity in
each individual market. The main driver in gas price determination is the variation in the
Reserve-to-Production ratio in each market.
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Figure 4 - POLES modeling of international energy market, Source: Enerdata Poles
Presentation
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More information on the POLES model can be found in this presentation describing the POLES
model used for the World Energy Technology 2050 assessment.

An overview of the Integrated Scenario

In the iTREN-2030 an integrated scenario was made to show the effect of linking the various
models. It was explicitly mentioned by the consortium that it was not the goal of the project to
create the best scenario possible. This was a sub-objective from the main objective of linking and
improving the models themselves. Nevertheless it was an interesting scenario worthwhile to show
to The Oil Drum readers. The approach taken in the integrated scenario was to to incorporate
likely future policies, with as policy drivers three factors influencing transport markets, namely
climate policy, fossil fuel scarcity and new technologies. Also a fast recovery scenario for the
economic crisis was included where GDP growth would continue to normal by 2012.

With respect to fossil fuel scarcity the project leader, Dr. Wolfgang Schade from the Fraunhofer
Institute for Systems- and Innovation Research (ISI), presented two scenarios, one from the
World Energy Outlook 2006 of the International Energy Agency, and the other from the Energy
Watch Group from 2007. He made the remark that supply constraints due to aging wells require
+3% of additional capacity per year while new discoveries have been limited. This figure is almost
certainly too low given that three sources have independently from each other concluded that
annual average declines are around 4.5% (CERA 2007, IEA 2008, Hook et al. 2009). Given the
wide divergence of opinions over the issue of oil scarcity it must have been difficult for the
consortium to decide upon which oil production scenario to take. In the iTREN-2030 project a
choice was made to keep oil production at a plateau from 2005 until 2030, neither declining nor
increasing. Shown in figure 5 below.

Figure 5 - iTREN-2030 slide on fossil fuel scarcity driver, Source: iTREN-2030 final workshop
presentation
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As to new technologies the project focused on five developments: 1) Biofuels, 2) fuel efficiency, 3)
available alternative technologies including hybrid vehicles, compressed natural gas vehicles
(CNG) and LPG powered vehicles, 4) Battery electric vehicles and hydrogen fuel cell vehicles, 5)
New transport means including electric bikes, electric scooters, and segways. These
developments were based on changes seen today that will accelerate.

Many European policies were incorporated. For Transport these included transport pricing for
trucks on interurban networks after 2020, charging cars on interurban networks after 2025, city
tolls for peak pricing after 2025, harmonization of fuel taxes, inclusion of air transport in the EU-
ETS, liberalization of the railway system, CO2 regulation for cars (130 gCO2/km in 2015, 105
gC0O2/km in 2020), CO2 regulation for light duty vehicles (170 gCO2/km in 2015, 150 gCO2/km
in 2020), battery electric support leading to electric cars entering the market of city cars after
2012, and electric light duty vehicles for urban delivery after 2015, enforced implementation of
CNG fueling stations, effective car labeling, regulation to use HDV low resistance tyres. Also all
large scale European infrastructure road and rail projects were included by using TRANS-tools.

For Energy the policies included, 20% greenhouse gas emissions reduction by 20% in 2020
against 1990, 20% renewable energy in the final energy mix until 2020 (including 10% biofuels),
the measures in the energy efficiency action plan of the European Commission and the
deployment of demo-power plants for Carbon Capture Sequestration.

Results of the Integrated Scenario

Population and GDP developments in the integrated scenario were first shown in the workshop.
Population and labour force developments, show a relatively stable population up to 2030 and a
decline in the labor force by 5% from 2010 to 2030 due to demographics as the number of retired
people increases by 32%, shown in figure 6.

Figure 6 - iTREN-2030 slide on population and labour force in the integrated scenario, Source:
iITREN-2030 final workshop presentation
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Framework conditions (1): population and labour force
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As to GDP, assumptions were inserted that the current economic crisis will be V-shaped and that
a fast recovery will occur. In the integrated scenario the European Union is back to a constant
growth pattern from 2012 to 2030. Growing at an average annual rate of 1.5% in EU-27, shown
in figure 7. The total effect as modeled here is a 6.3% loss in GDP in 2010 versus a situation with
continued growth from 2005 onwards, and a loss of 3.8% in 2030 versus a no crisis scenario.

Figure 7 - iTREN-2030 slide on GDP developments in the integrated scenario, Source: iTREN-
2030 final workshop presentation
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Although maritime and air developments were also shown I focus here on road transport as most
changes occurred in road transport in the integrated scenario. The development of car fleets
looked very promising under the assumptions used. Due to the assumption that oil production
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remains stable until 2030, oil price in the scenario rose to 9o euro per barrel and remained
around that level until 2030. Combined with a stable GDP development this resulted in smooth
technological developments. A large increase in the efficiency of cars (both diesel, gasoline as well
as new technologies). This made it possible for the car fleet to grow while oil usage declined. An
overall decline in oil consumption in transport (mainly due to less oil usage in car transport) of
0.1% was noted. The car fleet grows to 260 million in 2030 from around 205 million in 2005 as
motorization takes off in Eastern Europe. The growth was filled in by new technologies, however,
and my guess is although this was not shown, displacement of oil usage from Western to Eastern
Europe. In total the integrated scenario shows a growth to 35 million compressed natural gas cars
in 2030, a take-off of electric cars to 25 million in 2030, and the introduction of hydrogen vehicles
by 2025. Also 3 million pure bio-ethanol cars would be on the road in 2030 The total number of
Diesel and Gasoline cars declined from 200 million in 2008 to 190 million in 2030. And these cars
(purple and purplish blue in figure 8) also run up to a certain percentage of biofuels.

Light Duty Vehicles benefit also from high oil prices by increasing efficiency, and the take-off of
electric vans and light trucks by 2018 resulting in 2 million of these vehicles by 2030. In total oil
driven light duty vehicles increase from 20 million in 2008 to 21 million in 2030.

Figure 8 - iTREN-2030 slide on car and light vehicle developments in the integrated scenario,
Source: iTREN-2030 final workshop presentation
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If these changes occur in the road sector it will lead to a significant decline in CO2 emissions in the
overall European transport sector as shown in figure 9. Despite increases in total freight
kilometers by 33.9% or 1700 to 2450 billion tonne kilometer from 2010 to 2030, and an increase
by 25.7% or 4400 to 5500 billion passenger kilometers from 2010 to 2030 in cars. According to
the iTREN-2030 team the European Union is steering towards a trend-shift in emissions against
a 'business as usual' reference scenario shown in the light purple bar on top in figure 9.

Figure 9 - iTREN-2030 slide on CO2 emissions in the integrated scenario, Source: iTREN-2030
final workshop presentation
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ITREM-2030 Final Conference, Oct. 21 2009
Conclusions from the iTREN-2030 team

The iTREN-2030 team concluded the workshop with several interesting conclusions here
reproduced from the presentations:

About CO2 emissions:

-In the integrated scenario total CO2 emissions from transport decrease due to declining
emissions from road transport.

- Rail CO2 emissions continue to increase but at a lower growth rate, and only Air transport CO2
emissions continue at relatively the same pace of growth.

About economic growth:

- Economic growth is expected to be lower than in the past (less than 2% versus more than 2%
before the economic crisis),

- In a fast recovery scenario around 4 years is needed to achieve the pre-crisis economic level.

- The impact of the economic crisis provides additional time to solve problems and foster the
break-in-trends.

- Dr. Wolfgang Schade the project leader however put his doubts at whether this is such a realistic
scenario by saying "This assumes that the financial crisis is solved - is it solved permanently?
There are signs that we are building up the next bubble."

About vehicle fleets:

- Savings achieved by increasing fuel efficiency of passenger cars compensates expenditures for
road charges.

- Average CO2 emissions of the EU-27 fleet until 2030 indicate that measure of the integrated
scenario are not sufficient as only a level of 140 gram of CO2 per kilometer is reached in 2030
(versus a policy goal of 105 g cO2 per kilometer in 2020.

- Despite breakthroughs of battery technology, the potential of electric cars for long distances is
supposed to be limited.

- Motorisation in EU-12 (Eastern Europe) reaches the EU-15 (Western Europe) level in 2030.
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Reflecting on transparency and modeling limitations

I conclude with some personal reflections on the final workshop and the models. It was great to
see many people from the European Commission (DG-TREN) and knowledgeable stakeholders
being closely involved and openly reflecting on the process at the final workshop. This type of
approach, where models are constructed to aid policy makers, and policy makers and
knowledgeable parties are involved in the process, is in my opinion a necessity to deal with the
complex problems that we face. I can only hope that such an approach will be more embedded in
political decision making at the national level of my country, the Netherlands. I do think that
more room needs to be given in these type of workshops to limitations and uncertainties. As in
the end I did leave the workshop with a feeling that the modeling exercise did not properly
addressed this. Although the purpose of iTREN-2030 was not to create the best possible scenario
but to integrate the four models and show the possibilities of a scenario with likely policies, the
integrated scenario did show the limitations that are inherent in the current model setup. These
cannot be solved by simply altering some variables of the models, hence it is relevant in light of
the main goal of iTREN-2030. Specifically I here mention three areas of importance that from my
point of view need to be addressed in the future.

1) POLES the energy supply part of iTREN-2030 models energy supply from a neo-classical
economic point of view. Higher prices resulting in more reserves and a gradual shift from
conventional to unconventional production. Looking purely at reserves from a price perspective
ignoring energy costs of production, and ignoring production flows constraints due to physical
(water, materials, labour force) or political (lack of market access, oil production cap policies in
OPEC countries) limitations. The iTREN-2030 project team wisely has steered around this
limitation by imposing a scenario where oil production does not increase up to 2030. However this
is only a partial solution. Better supply modeling can be done by either creating a new model, or
augmenting the power of POLES to forecast supply by integrating physical and political
production factors, oil & gas industry cycles, and energy costs of production (Energy Return on
Energy Invested). Also I think more feedback needs to be created in the POLES model although
based on the limited information available on POLES this may be an incorrect perception.

2) Macro-economic effects of high oil prices appear to be incorporated in a limited fashion given
that GDP growth continues in a smooth fashion until 2030 after the fast economic crisis recovery.
We know from several studies conducted independently that the United States economy is not
able to bear oil prices much above 80 to 100 dollars per barrel. At a global oil price of 9o euro's
per barrel until 2030, or around 140 dollars per barrel, as endogenously determined in iT REN-
2030, it becomes extremely unlikely that the global economy can continue to grow in a smooth
pattern, and hence that the European Union economy continues to grow smoothly at around 2%
per year. At the least a more shock like pattern will occur as the United States economy gets
hammered by these high prices and this effect ripples through the global economy. From my
perception this effect will continue until a different country/economic bloc is able to replace the
role of the United States in the world economy or until the rules/system of the economic game
have changed significantly.

3) A more fundamental macro-economic question lies in the world situation on the relationship
between our debt based economies and limits to energy production growth. When assuming a
limit to oil production growth to 2030 in the Integrated Scenario, will economies still be able to
service the global debt bubble? Estimated by Hannes Kunz of IIER to be around 345% of global
GDP (chart). According to his needed estimates needed GDP growth in the world economy is
6.9% to be able to create an average real return on investments of 2%. Under an oil constrained
future scenario debt will become too big of a burden and the world economy will have to inflate or
deflate. Certainly smooth GDP growth is out of the question if the debt bubble bursts.

Finally, I wish the European Commission the best of wisdom in creating the white paper on
transport. An area that is of huge importance in my perception of an oil scarce world.
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