





the expansion, extension or decommissioning of nuclear power plants
being a key example. Yet, in particular for policies related to the fuel
mix, it would make good sense to look at the regional context. Many of
the concerns as well as the benefits, such as addressing climate change
or increasing energy security, transcend the national interest. Moreover,
it is recognized that trading and market coupling at a regional level will
be necessary in order to achieve a minimization of costs related to the
promotion of renewable energy sources.

Figure 2. The fuel mix in Northwest Europe (2006). Source: DG TREN,
EU Energy and Transport in Figures (gross electricity production), 2009.

When considering fuel mix issues in a regional context, it is worthwhile
to notice that the Northwest European market as a whole has a rather
balanced fuel mix, even though national markets have their strong
peculiarities. If we look at the overall fuel mix of Northwest Europe,

as illustrated by Figure 2 we see that the largest share of generated
electricity comes from nuclear power (38%): of course due to France
in particular, but also because of large shares in Sweden, Belgium and
Germany. It is followed by coal (26%), which plays an important role in
the UK, Germany and Denmark, and gas (16%). In terms of renewable
energy sources there is a large share of hydro (13%); non-hydro
renewable energy sources (such as wind and biomass) only occupy a
share of 5%. Utilizing existing complementarities, insofar as possible,
will need to play a larger role in future.

Conclusions

A discrepancy is growing between the effectiveness of national energy
policy instruments and the evolving regional power markets in North-

Footnotes

western Europe. On the one hand there are national targets, such as
those related to the fuel mix and the share of renewable energy sources,
as well as policy instruments such as subsidy schemes, fiscal measures
and permitting procedures which can be utilized at a national level.

On the other hand, much of the issues at stake cannot be dealt with in
a meaningful way at only a national level. Grid stability, the develop-
ment and accommodation of renewable energy sources are becoming
supranational issues. Operations of European utilities extend across
borders and an increasing share of policy and regulation is being made
at a European level. It can be concluded that we are in a twilight zone in
which the development of the fuel mix is still a part of national policy
despite a growing impact of international factors.

Consequently, the observations made here call for a more
supranational approach and greater regional coordination, for instance
through bodies such as the Pentalateral Forum.

Second, it can be argued that there are reasons for governments to
consider playing a stronger role in guiding investments and utilization
concerning infrastructure. As infrastructure becomes more critical in
terms of costs and deployment, it may become a stronger instrument
for the government to influence developments within the power
market. This holds for facilitating the expansion of cross-border inter-
connection capacity and the introduction of smart meters and smart
grids. Another example is government involvement in the arrangements
necessary for linking offshore wind farms to the grid. In order to avoid
costly investments that might turn out to be unnecessary in the longer
run, a closer cooperation on infrastructure development between
government, market players and transmission system operators is
warranted. To this end, it will be important for policy makers to attempt
to sketch as clearly as possible a vision on the future of the energy
landscape, however difficult that may be. At a European level attempts
to improve coordination are also being made, for instance by
requiring the European Network for Transmission System Operators
for Electricity (ENTSO-E) to publish a Ten-Year Network
Development Plan that provides an outlook on European
infrastructure development. National energy policy is embedded

in a changing regional context: the more that this will be taken into
account, the better chances are that policy can be set out that will be
effective and sustainable in the long run.

! This article is based upon the Clingendael Energy Paper “Energy Policy and the Northwest European Market. Fuel Mix and Infrastructure”
Available online in both Dutch and English at: http://www.clingendael.nl/ciep/publications/energy-papers/?id=7826&&type=summary
> Clingendael Energy Paper, “Energy Company Strategies in the Dynamic EU Energy Market (1995-2007)”, 2010. Available online at:
http://www.clingendael.nl/publications/2010/20100608 CIEP_Energy Paper Energy Company_Strategies.pdf

3 Algemene Energieraad (AER), “De Ruggengraat van de Energievoorziening”, September 2009.
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Smart heat and power:
Utilizing the flexibility
of Micro Cogeneration

Michiel Houwing
Strategic consultant

Eneco Energie

Power generation is responsible for a large share of
anthropogenic CO ,emissions. Renewable energy sources and
energy efficiency are therefore promoted worldwide. In a
sustainable energy system, distributed electricity generation
(DG) will play a prominent role. This thesis focuses on
domestic energy use and on a new type of residential DG
technology. Specific potential for applying DG in households
lies in utilizing heat and electricity from micro combined heat
and power systems (micro-CHP). Micro-CHPs
simultaneously generate heat and power and contribute to
energy efficiency and CO, emission reductions. Micro-CHP
systems are on the verge of becoming mass marketed as next
generation domestic heating systems in countries with an
extensive natural gas infrastructure, such as the Netherlands,
the UK, Germany, Italy, Japan and parts of the United States
and Canada. For these countries micro-CHP is considered an
element in the transition towards a fully renewable energy
system. The likely trajectory of the implementation of micro-
CHP starts with Stirling engine and internal combustion
engine systems, followed by systems based on fuel cell
technology.

This thesis explores the potential cost savings from intelligent control
schemes with micro-CHP systems. Micro-CHP is a special DG
technology in the sense that its power output can be controlled (as

opposed to stochastic generation such as wind power). To ensure
smooth operation, micro-CHP systems will probably be operated in
conjuntion with heat storage systems. To fully utilize the controllability
of micro-CHP and the additional flexibility provided by heat storage,
intelligent control of micro-CHP systems is needed. Intelligent control
relies on the use of advanced information and communication infra-
structure and smart metering. These enable previously passive domestic
consumers to become active participants in the electricity market and
in the operation of the electricity system.

The main problem with micro-CHP systems is that in comparison with
conventional gas-fired boilers the investment costs are still prohibitive.
Besides variable energy cost savings and governmental policies that
reward the positive externalities of micro-CHP application,

intelligent control may also decrease variable costs and enhance the
economic attractiveness of micro-CHP for investors. Potential investors
are households, housing corporations, energy retail companies and
other energy service companies. The research question this thesis
answers is:

How and to what extent can intelligent control of micro-CHP systems
increase their economic feasibility?

Economic feasibility is here defined as the difference between

the cost savings with micro-CHP application obtained during an
acceptable payback period of 10 years, and the additional investment
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Simulation results and main conclusions

In answering the research question, different control schemes were
designed. These schemes are shown in the figure above. The system
contains (clusters of ) households that interact with their energy
retailer. Conventional households obtain all their electricity from the
grid and fulfill their heat demand with a high-efficiency, gas-fired boiler.
Two micro-CHP technologies were researched: Stirling engines and
proton exchange membrane fuel cells (PEMFC). Stirling systems are
currently market ready and PEMFEC systems are still mostly in the
R&D stage. The main difference between these two technologies is
their heat-to-power ratio, which is much lower for PEMFC systems.

The main conclusions from simulations with models of the control
schemes are the following:

Micro-CHP is currently economically infeasible, but future systems
look attractive. In the ‘fit & forget’ scheme, households buy gas and
electricity from their energy retail company and sell electricity back to
that retailer. This scheme serves as a base case with which the economic
feasibility of more intelligent control schemes is compared. Heat-led
control was found to be the best standard control strategy for
micro-CHP systems. Micro-CHP systems provide substantial energy
cost savings compared to high-efficiency gas boilers. Less electricity is
imported and a little more gas is used, resulting in an overall reduction
in primary energy use of about 20%. In a market where transport costs
are billed per kWh of electricity sold, a feed-back tariff equal to the
import price minus the transport tariff is logical. With such a feed-back
tariff, annual energy cost savings are around €250 for Stirling engines
and around €500 for PEMFCs (both values for households with avera-
ge heat and electricity demand). Considering the payback period of

10 years for the investment, these savings result in room for additional

investment of about €2000 for Stirling engines and €4500 for PEMFCs.

For Stirlings this is not enough as they are currently about €4000 more
expensive than conventional boilers (see figure above). The PEMFC
systems seemmore economically attractive. This depends strongly on
their eventual investment costs, however, which, after consulting the
available price data, are very uncertain. The results do look promising
for future generations of micro-CHPs, which are likely to be based on
fuel cell technology.

Demand response moderately increases the room for investment in
micro-CHP. Micro-CHP systems can be applied more intelligently
than in the ‘fit & forget’scheme, without compromising the heating
comfort for households. In the ‘rate & react’ scheme the retail company
rates the electricity sold to and bought from households and intelligent
controllers in households react to the tariffs when dispatching micro-
CHP units. In that way the net-consumption of electricity responds to
real-time prices.

Demand response was implemented in a model predictive control
(MPC) strategy. MPC is a control strategy that incorporates future
knowledge in control actions. With MPC applied to Stirling systems,
the room for investment was increased with €30 to €300, which

is still not enough to justify investment in Stirling technology. Cost
savings with MPC strongly depend on the specific electricity pricing
regime and are highest with the most heavily fluctuating real-time
pricing scheme. With PEMFC systems, additional variable energy cost
savings with MPC are much larger, resulting in an increased room for
investment of up to €700. Depending on the eventual cost price of
PEMEC systems, applying demand response to this technology can
make it economically feasible. Before contributing to improvements
in economic feasibility of micro-CHP, cost savings with intelligence
should cover investments in control systems and in-house domotics.
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Especially when smart metering and options for data communication
with households are already in place (which is plausible in the future),
these investments will not be too high. Especially with PEMFCs, it is
likely that the increased room for investment from demand response
covers the investments in control systems and information and com-
munication technology (ICT).

Intelligent control of Stirling micro-CHP does not make them
economically feasible. As a next step, the potential of virtual power
plants (VPP) to enhance the economic feasibility of micro-CHP was
analyzed. Placing intelligence at a higher system level and employing it
to control clusters of households can provide economies of scale in the
use of control and ICT: with intelligence at the aggregate level, simpler
sensing and actuation devices can be used in households. Also, the
energy demand of clusters of households can be predicted more accura-
tely than the demand of individual households. In the ‘cluster &
control’ scheme, micro-CHP systems are controlled in a VPP arrange-
ment by an aggregator. An aggregator is defined here as an actor that
trades with the aggregate power owes to/from households (i.e. retailer)
and/or operates a VPP by controlling micro-CHPs (i.e. VPP operator).
The aggregator can also invest in micro-CHPs and/or ICT systems.

Two VPP applications were analyzed. First, aggregate demand response
schemes provided savings per household that are similar to the savings
with domestic-level demand response. A second application was mode-
led in which a VPP provided balancing services to a wind farm. Wind
power traders are inherently faced with imbalances due to the stochas-
tic nature of wind power generation. VPPs with micro-CHP units can
help traders to mitigate unwanted imbalance costs. Model simulations
with a VPP of 200,000 1 kW Stirling systems reduced the imbalance
volume of a 200 MW wind farm with 33 % and the associated

costs with 20 %. An annual saving of about €1 million was achieved.
Assuming that these savings are evenly divided between the VPP
households, an annual saving of about €5 per household is arrived at.
Such small savings will not improve the economic feasibility of
individual Stirling micro-CHPs. So, looking at the results for Stirling
engines in the ‘rate & react’ and ‘cluster & control’ schemes, it is conclu-
ded that intelligent control of Stirling micro-CHP does not make them
economically feasible.

If investments are made based on ‘fit & forget” application, aggregators
have an economic incentive to set up VPPs aimed at demand response.
If Stirling micro-CHPs become cheaper in the future or if the
technology receives government support, these systems can become
economically feasible under ‘fit & forget” application and large numbers
can penetrate the market. As previously discussed, PEMFCs can also
become economically feasible under ‘fit & forget” application.

When households or aggregators already deem the investment in
micro-CHP - when they operate in the standard ‘fit & forget’ way —
economically feasible, the additional savings with demand response
provide an incentive for aggregators to initiate VPPs. Net savings of
about C50 per household per year provide an aggregate economic
incentive to set up a VPP, because the total savings from all households
together are considerable. The value of micro-CHP’s inherent exibility
therefore lies in the clustered, intelligent application of this technology.

Consequences for the gas industry
Micro-CHP is not the cleanest technique to generate heat (heat pumps

are cleaner and, with air as heat source, can be applied everywhere).
This should be acknowledged by the gas industry. However it is

difficult to say which technique will be the most expensive solution
from an investment perspective.

Still micro-CHP is a chance for the boiler industry since it is a lot clea-
ner as compared to the high efficiency boiler. It makes sense for them
to adopt the micro-CHP, to run field tests to reduce the costs as soon as
possible and to improve the technique and market the Micro-CHP.

Micro-CHP can be part of two types of VPPs:

1. A cluster of Micro-CHPs is invested in by an aggregator and
households pay regular fees to the aggregator in order to recover the
investment.

2. Micro-CHPs, which have been invested in by households themselves,
are intelligently controlled as a cluster.

Both types of VPPs can also be combined. Option 1 would increase
the economic attractiveness of the Micro-CHP for households because
they do not have to make a large investment. Option 2 only makes
sense by using PEMFCs - with Stirling systems savings from intelligent
control are very small.

Intelligent control of distributed energy resources is promising for the
future. Electric vehicles are envisaged as the launching technology for
such intelligent control, but Micro-CHPs can also get a well deserved
place in intelligent control schemes for commercial purposes.
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Current design of EU ETS
clashes with its own objectives

A.J. Mulder
C.E.M Bos:

Summary

A model has been developed to forecast the price of carbon

allowances under the EU ETS (Emission Trading Scheme). The model
was developed under the auspices of TNO as part of the European
ECCO? project. The model sheds light on some important obstacles to
success for the EU ETS. While significant and prolonged oversupply of
allowances is glooming under the current design, the systemic
instability of the EUA* price is likely to stand in the way of the
development of large scale abatement projects such as CCS (Carbon
Capture and Storage). Furthermore, other measures directed at sectors
under the EU ETS, e.g. regulation mandating the installations of CCS
on coal fired power plants, primarily work as a substitute to the EU
ETS instead of complementing it. While the cumulative level of
abatement is not expected to increase, regulation does increase the
overall societal costs of European climate policy.

The promise of the EU ETS: abatement at minimal costs

Ever since the EU Emissions Trading Scheme (EU ETS) came into
effect on January 1st 2005, it has been surrounded by uncertainty.
Although the scheme could potentially become a powerful weapon in
the effort to reduce European carbon emissions, doubts with respect
to the scheme’s effectiveness and practical feasibility have remained. In
theory, ‘the ETS should allow the European Union to achieve its emis-
sion reduction target under the Kyoto Protocol at a cost of below 0.1%

of GDP, significantly less than would otherwise be the case’(EC, 2008).

In practice, however, the efficiency and effectiveness of the ETS still
remain questionable.

If given enough time, political alignment and decisiveness, the EU can
possibly have a fully functioning emissions trading scheme, covering all

major polluting sectors and leading to a substantial cutback in carbon
emissions. However, time is limited, as the EU is committed to cutting
carbon emissions by 20% by 2020 compared to 1990 levels as specified
in the Climate-Energy Package. Secondly, the EU has stressed the
importance of CCS* as a bridging technology in order to achieve the
EU’s long term emission reduction goals beyond 2020. Therefore the
EU aims to make CCS an economically viable abatement technology
by 2020. Generally, the EU ETS, which is seen as the flagship of
European carbon policy, is expected to provide a strong and stable price
incentive to the industry. But whether the EU ETS will result in an
EUA price that will support the timely commercial roll-out of CCS is
being questioned. Now, five years after its introduction, it is time for the
EU ETS to show that it will be capable of delivering on its promises.

Market model: establishing the scarcity of emission rights

To assess the effectiveness of the EU-ETS a market model has been
constructed with the main goal of forecasting the fundamental
EUA price for the mid- and long-term. Before moving on, it is
important to outline what is meant by the ‘fundamental EUA price’

Fundamentally, there is no price tag on carbon dioxide as long as
allowances are in abundant supply. Firms are only willing to pay
for allowances if they have a short position and are faced with a
non-compliance penalty. The maximum price an individual firm is
willing to pay for an allowance is equal to the cost of the cheapest
abatement opportunity available to that firm. On economic princi-
ple, if the market is short, the firm with the lowest cost abatement
opportunity will abate carbon emissions first. As the price increa-
ses, more firms will choose to abate CO, and this process continues
until demand and supply are back in equilibrium. As a result, the
fundamental allowance price equals the costs of the last tonne of

Mt of CO2

Year

Mean forecast

P-90 forecast ------- P-50 forecast

P-10 forecast

Fig 1: BAU Scenario - Scarcity of allowances (negative values imply scarcity)

12



CO, abated. In this analysis, the expansion of the EU ETS across
more sectors is left out of the analysis. Also, market mechanisms
such as arbitrage and speculation are not taken into account while
calculating the fundamental EUA price. As a result, future expecta-
tions are not accounted for in the price. Instead, the fundamental
EUA price is a reflection of the price of the available abatement
potential, given the need for abatement in that year.

The level of the allowance price is dependent on both the
controllable political and institutional environment (which
determines the supply of allowances) as well as the uncontrol-
lable worldwide economy (i.e. uncontrollable from a European
policy maker’s perspective), which determines allowance demand.
Whereas the supply of allowances is rather predictable, the demand
for allowances is naturally much more volatile. Since banking of
allowances was introduced at the start of Phase II in 2008,
volatility of demand has become even more important. An example
is the recent economic downturn, which has resulted in a potential
carbon bubble as allowances can be banked and stored for later use.

Allowance demand volatility: an underestimated problem

While many papers have been written on the volatility and
fundamentals of the allowance price, the volatility of allowance
demand and supply seems to be getting much less attention than

it should. In the end, scarcity of allowances is the most direct and
elementary fundamental of the EUA price and should therefore be
the starting point for any analysis of the allowance price. Once the
required level of abatement is known, one can in principle predict
the price of abatement. This holds because theoretically, the rate of
abatement will never exceed the reduction of the cap: if this would
happen, the market would immediately turn into surplus, which
would result in a lower allowance price. Therefore, in order to
achieve the emissions reduction goal, the policy should ideally be
steered such that the EUA market is continuously short.

By modelling the fundamentals of allowance demand and supply
on a macro-economic level and adding volatile time-series to
account for the natural volatility of market fundamentals, a model

was developed to provide a more comprehensive analysis of the
carbon price than is typically found in the available literature on
carbon price analysis. The fundamental EUA price model
described in this paper combines political, institutional and
economical factors with data of the most recent study on the
estimated abatement potential by McKinsey.

Model predicitions

From the results, however, a picture emerges which is anything

but optimistic with respect to the functioning and possible success
of the European Trading Scheme. The scarcity of allowances over
time for the Business As Usual (BAU) scenario, reflecting the
current EU ETS policy, is shown in figure 1 with the corresponding
EUA price forecast in figure 2.

In figure 1, a bar represents the forecasted mean scarcity of
allowances for a specific year where a positive number represents
an allowance surplus, while negative numbers represent a scarcity
of allowances. The dotted line represents the median and the green
and blue lines together form the 80% confidence interval. What
stands out from the BAU forecast is that the market is expected

to experience major surpluses of allowances until 2020, and even
beyond. Assuming that European economic growth was -2% for
2009 and will be 0% for 2010, a significant share of the immediate
oversupply in 2009 is the result of the economic turndown
following the financial crisis. However, other simulations have
shown that even in the absence of an economic crisis a prolonged
surplus of allowances would have been likely. Although the
recession does bring the EU closer to its emission reduction target
for 2020, it seems a risky policy to rely on economic downturns to
achieve the emission reduction target. A stock of allowances builds
up as firms bank excess allowances during the recession, allowing
firms to postpone carbon abatement once the economy rebounds.
To increase the probability of achieving the 2020 target it is
imperative that investments in carbon abatement are not post-
poned for too long, as achieving the target requires a fundamental
change in the way we produce and consume across many

sectors. European legislators have introduced the EU ETS with
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the objective to provide the incentive to kick-start this structural
change. However, as long as allowances are in abundant supply
the incentive to invest in carbon abatement is removed. Prolonged
oversupply of allowances is therefore a serious threat to achieving
the long-term emission reduction goal.

An oversupply of allowances is threathening the EU ETS

The economic crisis has currently resulted in a substantial
oversupply of allowances. Besides the economic crisis, there are a
few other important factors that contribute to the surplus of
allowances. First of all, the linking directive is an important threat
to allowance scarcity. Although the EU ETS cap was set more or
less equal to the level of emissions in 2008, the linking directive
allows individual firms to use Kyoto credits (CERs and ERUs®) on
top of the original cap to offset their emissions. The potential to
use Kyoto offsets is different for each participating country under
EU ETS, but the weighted average over all countries is 13.3% on
top of the EU ETS cap. Effectively, this means that emissions will
not drop immediately once the EU ETS cap is lowered as firms can
rely on Kyoto credits instead. In 2008 alone, more than 81 MtCO,e
worth of Kyoto credits were used to offset emissions. Given the
enormous potential to use Kyoto offsets under EU ETS (up to
around 277 MtCO,e annually in Phase II), the linking directive
provides the EU industry with a potentially cheaper alternative to
carbon abatement within the EU.

Secondly, five percent of the original cap is not freely traded

yet. Instead, these allowances are allocated to the New Entrants
Reserve (NER). Once a new installation has been built, allowances
from the NER are issued to cover the new installation. Many new
installations, however, are replacements for older installations
already covered under the scheme. Therefore, the replacement of
the older installations effectively means that more allowances are
freely traded on the market, while emissions typically reduce as
more effective installations replace older equipment. The current

NER will be used until the end of 2012, after which a new NER
will be formed from allowances in the market. This is represented
in figure 1 by a sharp drop in allowance oversupply in 2013. In the
course of subsequent years, however, the allowances slowly return
to the market as new installations are covered under EU ETS.

Both the linking directive and the NER, in combination with the
current recession, result in a hefty surplus of allowances. As a
result, the probability that the market will end up short is merely
12% in 2013 (the first year of Phase III) and 33% in 2020.

Low EUA prices are the result

The lack of scarcity of allowances translates into low EUA prices,
as depicted in figure 2. In 2008, the base year, the market is still
54.4 MtCO,e short. As a result, some firms are bound to cut emis-
sions in order to prevent having to pay the non-compliance penalty.
Because insufficient abatement potential is available immediately
to absorb the full shortage, the price starts off at €100. Due to a
modelling artefact, insufficient abatement potential is available

in that same year to absorb the full shortage. As a result, the price
jumps to €100, equal to the non-compliance penalty. After 2008,
however, the average price immediately drops to zero as a result
of the surplus of allowances and recovers to a price of only €10 in
2025, denoted in real November 2009 terms. The 80% confidence
interval is equal to zero until 2015, after which the 10th percentile
stabilizes at around €20 to €25.

Under the BAU scenario, the EU ETS forces the industry to an
average cumulative abatement of 107.3 MtCO, between 2008

and 2020. As a result, the probability that the EU will achieve its
emission reduction goal is merely 13.8% for 2020. Under current
legislation the EU cannot be even certain that the 2020 target will
be met by 2030. One decade after the 2020 deadline the
probability of achieving the target is 92.7%.
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Figure 3: Policy alternative: 2.5% annual cap reduction and limited linking directive — Scarcity of allowances (negative values imply scarcity)
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CCS: will the EU ETS result in its timely deployment?

Another European objective is to make CCS economically viable
by 2020. Essentially, this means that the carbon price should be
high enough to make abatement through CCS a cheaper alternative
to emitting carbon dioxide. However, under the BAU scenario,

the probability that CCS will become economically viable is only
7% in 2020. Therefore, either hefty government subsidies will be
needed to make CCS work, or CCS will not become, at least for the
foreseeable future, a cost effective solution altogether under the
EU ETS’. Given the large stock of banked allowances, the industry
does not need to develop CCS in order to comply with the EU ETS
regulation. Because more than enough low-cost abatement poten-
tial is available, stricter regulation with respect to allowance supply
is needed to make CCS a feasible policy alternative to the industry.
As aresult, the current EU ETS policy does not support the
European objective of making CCS economically viable by 2020.

A policy proposal to increase the probability of success

While a higher cap reduction would reduce the number of issued
allowances over time, the effects of such a measure would only
become visible over the long term given the large oversupply the
market is currently facing. At the same time, a complete
abolishment of the linking directive is politically hard to achieve.
Therefore, a combination of both measures is proposed to reduce
the supply of allowances and improve the probability of achieving
the reduction target in 2020. In this scenario the annual reduction
of the EU ETS cap is increased to 2.5% and the linking directive is
limited to the usage level of 2008, which is equivalent to a weighted
average of 4% on top of the official cap. Although we continue to
see surpluses until the end of Phase II in this scenario (see figure
3), the picture is entirely different from the BAU scenario. The
average cumulative abatement incentivised by the EU ETS until
2020 is now 276.8 MtCO.,. As a result, the probability of reaching
the 2020 reduction goal in time has increased to 65.6%.

While these numbers provide important insights into the
functioning and effectiveness of the EU ETS, more importantly,
the analysis in this scenario shows that the natural volatility in both
allowance demand and allowance price is substantial. In 2020,

long after the economic crisis, the probability of oversupply in that
specific year is still 24.5%, while it is equally likely that the market
ends up around 100 MtCO,e short. This ‘natural’ volatility has
major implications for the EUA price forecast. Whereas the average
EUA price is around €26 in 2020, the 80% confidence interval
ranges from €0 to €100. The broad confidence interval is primarily
the result of the volatility in allowance demand. Although an even
tighter cap reduces the probability that the EU ETS will ever return
to a surplus of allowances over the long term, the uncertainty and
volatility around the demand for allowances results in a naturally
uncertain and unstable EUA price.

Can the EU ETS do the job?

An important question, therefore, that should be addressed is
whether the EU ETS is the right tool to achieve the goals set by the
EU. In the end, the theoretical efficiency and effectiveness of EU
ETS can only be achieved if the supply of allowances is sufficiently
tight and if the EUA price provides a strong and stable incentive

to investors. Especially for projects like CCS, which require a
considerable capital investment, a strong and stable incentive is

a prerequisite. While a tax or specific regulation would provide a
firm and predictable incentive to the industry, one cannot expect
the EU ETS to provide a similarly strong incentive. In the end, the
EU ETS merely mandates a specific number of allowances to be
issued, while pricing is left to the market. Given the volatile nature
of allowance demand, the EU ETS therefore seems incapable of
achieving both the 2020 emission reduction target in time and the
goal of making CCS economically viable by 2020. On top of that,
the authorities should be careful when devising other incentives
for carbon abatement directed at sectors under the ETS. Model
simulations show that, for example, regulation mandating the
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Figure 4: Policy alternative: 2.5% annual cap reduction and limited linking directive — Reduction of emissions under EU ETS compared to 2008
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installation of CCS on coal fired power plants could turn out to be
a plain substitute for the EU ETS instead of complementing it. Any
abatement effort incentivized by other means than the EU ETS
primarily reduces the need for abatement in other sectors under
the scheme. Therefore, given the EU ETS cap, other measures
essentially work as a zero-sum game: instead of intensifying the
abatement efforts, they merely transfer the abatement burden from
one firm to another. Under the EU ETS, the firm with the lowest
cost abatement opportunity is naturally forced to abate its emis-
sions, which minimizes the societal costs of abatement. Therefore,
any measure that shifts the abatement burden from one firm to
another effectively reduces the efficiency of the trading scheme
and increases the overall costs to society.

In conclusion, the model shows that a lot of political will and
decisiveness are needed to improve the probability of attaining the
2020 goals. Given the current design of the EU ETS, the scheme

is likely to miss its targets on all important accounts: an abundant
supply of allowances, limited carbon abatement, no strong price
incentive and no realization of CCS without substantial

Footnotes

government intervention. A limited linking directive combined
with a stronger cap reduction could take away most of the immedi-
ate risk of allowance oversupply. However, the natural volatility in
allowance demand and in the EUA price would still continue to be
areason for concern as the EU ETS seems to be unable to provide
the strong incentive the EU is hoping for.

! Arnold Mulder is a Master student at the University of Groningen (Nether-
lands), faculty of Economics, and has developed the EU ETS model during
an internship at TNO. E-mail arnold.mulder @tno.nl

? Christian Bos is Technology Manager at TNO Built Environment and
Geosciences, Utrecht, the Netherlands. He leads the modelling work of the
ECCO project. E-mail christian.bos@tno.nl

3 ECCO: European value Chain for CO, (see www.sintef.no/ecco). This European project researches the economic feasibility of Carbon Capture
and Storage value chains, including CCS projects with CO, Enhanced Oil Recovery (CO,-EOR) in depleted oil fields.

*EUA: European Allowance, i.e. the right to emit 1 tonne of CO,
s See for example directive 2009/31/EC
¢ Certified Emission Reductions and Emission Reduction Units

7Note that as part of the ECCO project (footnote 3), it is being studied whether the incremental income from CO,-EOR may improve the econo-

mics of CCS in case (depleted) oil fields are being used as storage.

Reference

European Commission (2008) “The EU Emissions Trading Scheme”, Office of the Official Publications of the European Communities
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Shifting Streams

Joris Koornneef
Consultant Energy and
Climate, Ecofys

The Editorial Board of the Quarterly held an electronic interview with
Mr. Koornneef upon the completion of his Ph.D thesis and asked him to
elaborate on his results in the Quarterly.

In your research you have explored different
approaches for assessing the effects of CCS. You
discussed Life Cycle Assessments, Scenario tools,
Quantitative Risk Assessment (QRA) and the
so-called DPSIR framework. Could you elaborate
on the strengths and weaknesses of these methods
when used for assessing the effects of CCS?

The main strength of the life cycle assessment (LCA) is that it
takes into account the environmental consequences of up- and
downstream processes, such as feedstock production and waste
management chains of a coal fired power plant with post-combus-
tion capture, transport by pipeline and storage in a hydrocarbon
reservoir. It also shows the trade-offs and synergies between mul-
tiple environmental themes that are affected by the production of
electricity with CCS. The main limitation of the LCA for CCS that
I have conducted is that data on environmental conse-

quences (emissions and waste formation) from (demonstration/
pilot) power plants operating with CO, capture are scarce. I
therefore had to rely heavily on desktop studies instead of emission
reporting documents from operating power plants.

The strength of the scenario tool that I have developed together
with colleagues is that it allows a first of a kind study which
systematically assesses the potential impact on air quality of
various COzcapture systems in the European power and heat sector
in 2030. The tool is based on the GAINS model developed by the
IIASA. The model is used here to analyse primary energy con-
sumption and emission control strategies, including post-, pre- and
oxyfuel CO, capture, and to calculate their potential effect on emis-
sion levels of key atmospheric pollutants, being: NOx, SO,, NH3
and particulate matter.

One limitation of the scenario tool is that geographically depen-
dent restrictions and advantages regarding transport and storage of
CO, are not taken into account. In other words, I have not looked
at the geographical distribution of storage capacity in the EU.
Another limitation is that the implementation of CO, capture is
not based on economic optimization. As with the life cycle
assessment, the limited availability of reliable data on non-CO,
emissions is at present also a limiting factor resulting in results
with relative large uncertainty, as shown later in this article.

Another research effort was aimed at assessing the strengths and
limitations of currently used approaches and tools to assess the
risk of CO, transport by pipelines. The strength of currently used
QRA tools is that they build upon the vast experience and set of
tools available for the assessment of risk of transporting dangerous
(toxic or flammable) substances by pipelines. An important
limitation when assessing risks is the absence of validated release
and dispersion models for high-pressure CO, pipeline failures.

Moreover, failure rates used in QRAs for CO, pipelines are also
found to be uncertain, which has significant consequences on the
precision of the outcome of the QRA. Furthermore, detailed and
accurate dose-response models, uniform HSE (Health, Safety and
Environment) thresholds and specific CO, pipeline regulation are
not part of the current knowledge base. Finally, the assessment

of the effects of impurities on operation, failure rates and HSE
impacts requires further attention.

For CO, storage, the risk assessments (RA) of several projects
have been reviewed. The main strength of these RA methodolo-
gies is that they can build upon the vast experience gained when
developing existing methodologies and tools for the hydrocarbon
industry and for underground storage of nuclear waste. The safe
and long-term storage of CO, is however identified as a critical
issue compared to environmental impact assessments for current
established activities in the underground, such as underground gas
storage. Models developed to assess the transport and fate of CO,
are based on experience in the oil and gas industry. These models
are however not developed to assess the fate of CO, including
detailed long- and short-term interactions of CO, with the under-
ground. Also, the integration and validation of various sub-models
describing fate and transport of CO, in various compartments in
the underground are found to require further efforts. In addition,
failure rates are found to be heavily based on expert opinions and
the dose-response models for ecosystems require further efforts.
One of my conclusions is therefore that it is not possible to execute
a QRA for the non-engineered part of a CO, storage activity with
high confidence. However, this conclusion on the level of confi-
dence should not be confused with a judgement on the severity
and acceptability of the risks of CO, storage as I will show later.

Finally, we applied the so-called DPSIR framework - describing
environmental Drivers, Pressures, States, Impacts and Responses -
as a review framework to systematically identify, characterize and
communicate known and new environmental consequences
associated with CO, capture from power plants, transport by
pipeline and storage in geological formations.

The DPSIR framework is an easy and flexible tool that can be
used to investigate the environmental impacts on multiple themes
and levels of detail. This flexibility and simplicity of the tool are
however also identified as possible sources of bias when using this
to structure environmental information related to a CCS activity.

You have used all of these tools in order to assess
the Health, Safety and Environmental (HSE)
impacts of implementing CCS in the power and
heat sector. What are your main findings?

In the life cycle assessment I compare the environmental impacts
of three pulverized coal fired electricity supply chains with and
without CCS. Two of these chains are reference chains which
represent subcritical and state-of-the-art ultra supercritical
pulverized coal fired electricity generation. Results show that,
due to CCS, the greenhouse gas emissions per kWh are reduced
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substantially to 243 g/kWh. This is a reduction of 78% and 71%
compared to the subcritical and state-of-the-art power plant
without CCS. The 90% removal of CO, from the power plant’s flue
gases is partially offset by increased GHG emissions in up- and
downstream processes. Environmental synergies are found due

to the deeper reduction of hydrogen fluoride (HF) and hydrogen
chloride (HCI) emissions into the atmosphere. Most notable
environmental trade-offs are found to be the increase in human
toxicity, ozone layer depletion and fresh water ecotoxicity potential
for which the CCS chain is outperformed by the reference cases
without CCS. The state-of-the-art power plant without CCS also
shows a better score for eutrophication, acidification and photo-
chemical oxidation potential despite the deeper reduction of SOx
and NOx in the power plant equipped with CO, capture. On a
kWh-basis these reductions are offset by increased emissions in
the life cycle, resulting in a net increase of SO, (up to 18%) and
NOx (up to 35%) emissions per kWh. The overall increase in the
eutrophication and acidification potential for the chain with CCS
is the result of the energy penalty due to the energy use for capture
and compression, and increase in NH3 emissions over the full life
cycle. The energy penalty also results in a trade-off in potential
environmental impacts due to an increase of upstream
environmental consequences, primarily in the coal supply chain.
Another trade-off can be ascribed to the supply chain and emission
of monoethanolamine, which is used in the CO, capture process.
This strongly affects the score for the human toxicity potential
which potentially increases significantly when applying this post-
combustion CO, capture technology. It should however be noted
that this score is highly uncertain due to the absence of reliable
data based on measurements. Overall, it is found that the energy
penalty induces significant environmental trade-offs on the plant
level and throughout the CCS chain. Furthermore, most
environmental interventions and impacts are found to be induced
in the operational phase of the power plant with CO, capture.

Using the scenario tool it was possible to assess the trade-offs

and synergies between climate and air quality policy objectives

in detail for the European power and heat (P&H) sector in 2030.
The results show a reduction in GHG emissions for the scenarios
with post-, pre- and oxyfuel CO, capture compared to a baseline
scenario without capture between 7% and 16% in the EU27. NOx
emissions are 15% higher in the P&H sector in a scenario with pre-
dominantly post-combustion CO, capture and lower when oxyfuel
combustion CO, capture (-16%) or pre-combustion CO, capture
(-20%) is implemented on a large-scale. Large-scale
implementation of the post-combustion capture technology in
2030 may also result in significantly higher NH3 emissions. In
contrast, SO, emissions are found to be very low for all scenarios
that include large-scale implementation of CO, capture in 2030, i.e.
areduction varying between 27% and 41%. Particulate

matter (PM) emissions are found to be lower in the scenarios with
CO2 capture. The scenario with implementation of the oxyfuel
combustion CO, capture technology shows the lowest PM
emissions followed by the scenario with a significant share
allocated to pre-combustion, respectively -59% and -31%. The
scenario with post—-combustion capture results in PM emissions
varying between 35% reduction and 26% increase.

The contribution of the P&H sector to the total emission level in
the EU is found to vary per substance. EU wide NOx and SO,

emission levels are found to be strongly affected by the implemen-
tation of CO, capture. In addition, the NH3 emission level has the
potential to become significant in the post-combustion scenario,
where the contribution of the P&H sector to the EU27 total
increases strongly.

The review of environmental effects then continued with the use
of the DPSIR model. The results of that analysis show that the
capture of CO, from power plants results in a change in the envi-
ronmental consequences of the power plant depending on the con-
figuration of the energy conversion technology and CO, capture
system. This includes (partly) the above mentioned trade-offs and
synergies in the reduction of key atmospheric emissions, being:
NOx, SO,, NH3, particulate matter, mercury (Hg), HF and HCL.
In addition, an increase in water consumption ranging between
32% and 93% and an increase in waste and by-product creation in
the order of tens of kilotonnes (assuming a I GWe power plant) is
found. The consumption of resources is also found to significantly
increase when equipping power plants with CO, capture. Of the
environmental consequences induced or changed by equipping
power plants with CO, capture, the effect of emissions to the air
are researched in more detail than other environmental interven-
tions, such as waste and by-product generation and emissions

to surface water bodies. The main conclusion of this part of the
analysis is that emission factors and these so called cross-media
effects as a result of CO, capture are uncertain and to a large extent
not quantified.

Another part of the research was the risk assessment of CO,
transportation by pipelines. The results show that knowledge gaps
and uncertainties have a large effect on the accuracy of the assessed
risks of CO, pipelines. For instance, the individual risk contour
(i.e. the contour depicting on a map the probability of 1*10-6

per year that an unprotected ever-present person dies) can vary
between 0 and 204 m from a pipeline depending on assumptions
made on: the failure rate, direction and momentum of release, the
vapour and dry ice fraction in the release and the dose-effect rela-
tionship. An assessment of risk mitigating efforts - such as block
valves, protective materials and physical barriers, route selection
and management agreements- shows that mitigating the relevant
risks can be considered part of current practice, making the risks of
CO, transport by pipelines controllable. Therewith it is possible to
meet stringent risk norms if required. In earlier RA studies for CO,
pipelines performed all over the world a wide range of
assumptions, methods, and toxicity thresholds and endpoints is
used. As a result, the distance at which negative HSE effects are
expected is found to be between <1 m and 7.2 km (!). This shows
the importance of formulating uniform RA guidelines and
regulations for CO, pipelines.

The HSE effects of CO, storage are also discussed, including the
risks. Typical failure scenarios for CO, storage activity that were
assessed in the reviewed risk assessments are: leakage along a
well and well head failure, caprock failure or permeability, leakage
along a spill point and leakage through existing or induced faults
and fractures. For these failure scenarios possible leakage rates
are reported in the study rendering the insight that a wellhead
failure and leakage along a well are most likely the scenarios with
the highest leakage rates (relatively 510 en 0.02 kg /s). Regarding
the safety of the transport and storage of CO,, it is found that the

18



maximum CO, release rates (22 tonne/s) associated with a failing
transport or storage activity are reported to be the highest for the
transport activity.

When using the release rate as proxy for the HSE consequen-

ces this would suggest that CO, transportation activities result

in higher risks compared to the storage activity. This neglects
however the probability of occurrence and local conditions which
are crucial when determining risk with quantitative indicators. My
conclusion is thus that a complete and equal comparison cannot be
made at this moment.

Some adverse effects attributed to CCS were also
listed in your analysis. In your opinion, do the
benefits of implementing CCS outweigh the
negative impacts?

Indeed some adverse effects have been identified, next to positive
side-effects. These include direct emissions of hazardous
substances and waste formation due to CO, capture, life cycle
emissions and impacts due to the energy penalty and additional
risks. Do the benefits outweigh the adverse? Personally I think that
climate change is one of the biggest threats that mankind will face
in this century. All efforts should focus on developing a portfolio of
GHG mitigation options that will make this threat less severe.
However, other environmental themes should not be forgotten.
NOx emissions, for instance, are a serious problem and should be
kept to an absolute minimum. We should thus aim towards redu-
cing these other more often ‘forgotten’ emissions as well. For me
personally the balance tips towards the positive impacts of CCS as
I think that if appropriate attention is paid towards these negative
trade-offs, then technical solutions will be implemented that will
mitigate the negative impacts as far as possible. With the prospect
of the technological development of CCS and the major advan-
tage that it in the end may deliver negative GHG emissions when
combined with biomass as major feedstock, I think CCS deserves a
place in the portfolio of GHG mitigation options.

Could you indicate what in your view the main
concerns and knowledge gaps are regarding the
procedural assessment of Health, Safety and
Environmental impacts of CCS in Environmental
Impact Assessments (EIA) and Strategic Environ-
mental Assessments (SEA); what would be your
most important recommendations with regard to
further research and development efforts in the
area you researched?

I have looked at the procedural aspects of the EIA and SEA. The
Environmental Impact Assessment (EIA) and Strategic
Environmental Assessment (SEA) are procedural tools to assess
and evaluate possible environmental consequences of], respectively,
a proposed CCS project or strategic plan that contains possible
CCS projects. The scoping phase of these procedures is of impor-
tance to create focus and acceptance of the structure and content of
the EIA/SEA procedure. Based on historic experiences with these

procedures worldwide and in the Netherlands with CCS and analo-
gous activities, I have constructed some recommendations for the
scope of both procedures for CCS in the Netherlands. The most
important advice is to start a strategic environmental assessment
for CCS as early as possible. In such a procedure in

conjunction with a strategic spatial plan it is possible to identify
CO, storage sites, CO, point sources and possible transport routes.
The CCS infrastructure, including storage sites, is then assessed on
its possible impacts on human safety and environment in an early
phase. The main advantage will be that the public is then involved
and consulted in a very early phase of the decision making process,
well before the actual start of implementing CCS projects. I expect
that for CCS projects it will be then easier to perform an EIA on
the project level as they can refer to the strategic plan. Personally

I think the public is then also better informed and served, which
may fasten the implementation of projects.

In your opinion, what are the implications of these
results for the further development and
implementation of CCS?

These results indicate that it is necessary to assess environmental
impacts in an early stage of technology development. Further, it is
required that the CCS community does not forget environmental
themes other then climate change. For CCS technologies I regard it
very necessary to set up extensive environmental monitoring
programmes at CO, capture (demonstration) plants aimed at
creating a better understanding of the formation and fate of solid,
liquid and atmospheric pollutants.

Furthermore, the release and dispersion models for high-pressure
CO, releases need to be validated. These models are used in
quantitative risk assessments for CO, transport by pipeline and
for CO, storage activities. Widespread implementation of CCS
requires a significant infrastructure build-up. If risks cannot be
accurately assessed for this infrastructure implementation may be
significantly delayed.

Overall, most gaps in environmental information regarding the
CCS chain are identified and characterized for the underground
part of the storage activity. And although the failure of the
underground CO, storage system appears to have limited HSE
consequences, suggesting a low risk, the uncertainty regarding

the assessment of the risk is a potential bottleneck for wide scale
implementation of CCS if not properly addressed. To deal with
uncertainties in the performance/risk assessment of CO, storage
activities a stepwise approach is recommended, starting with an
intensive (e.g. annual) evaluation cycle of CO, storage activities,
including: planning, modelling, monitoring, verification, calibra-
tion and evaluation. This cycle should focus on the operational
phase and post-closure phase. With assuring monitoring results it
then can be decided to gradually reduce the frequency of this cycle
and reduce the intensity of monitoring depending on the outcomes
of an evaluation using pre-set performance indicators.
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Books, reports and conferences

European Climate foundation, April 2010, Roadmap
2050: A practical guide to a prosperous, low-carbon
Europe.

The Roadmap 2050 project sets out the crucial role of a zero-carbon
power sector to Europe’s long-term climate commitments and shows
different pathways that can make this a reality delivering economic and
energy security goals.

The Roadmap examines several decarbonization scenarios for the
power sector and, based on a back-casting methodology, sets out the
near-term implications of this long-term commitment. The analysis
shows that in each of the scenarios the cost of zero carbon power
remains in current ranges. It also shows that an inter-regional European
transmission grid can provide the level of reliability that users expect in
all scenarios.

The full report can be downloaded from the Roadmap 2050 website:
http://www.roadmap2050.eu/

Nieuwenhout, F.D.]. e.a., May 2010, Market and regula-
tory incentives for cost efficient integration of DG in the
electricity system. IMPROGRES

Achieving the European target of 20% reduction of greenhouse gases
in 2020 relies for a major part on increasing the share of renewable
electricity generation, and more efficient fossil fuel based generation in
combined heat and power installations. Most of these renewable and
CHP generators are smaller in size than conventional power plants and
are therefore usually connected to distribution grids instead of trans-
mission grids. Different support schemes for renewable energy sources
have been successfully implemented and have resulted in a rapid
growth of distributed generation (DG). IMPROGRES scenario analy-
sis shows that the installed capacity of DG in the EU-2S is expected to
increase from 201 GW in 2008 to about 317 GW in 2020. A large part
of this increase will be made up of more variable and less controllable
renewable energy sources like wind and photovoltaics.

The full report is available from ECN's website:
http://www.ecn.nl/docs/library/report/2010/010006.pdf

Meeus, L., e.a., May 2010, “Smart regulation for smart
grids” Robert Schuman centre for advanced studies.

Climate change and security of supply policies are driving us towards a
decarbonisation of the electricity system. It is in this context that smart
grids are being discussed. Electricity grids, and hence their regulatory
frameworks, have a key role to play in facilitating this transformation of
the electricity system. In this paper, we analyze what is expected from
grids and what are the regulatory tools that could be used to align the
incentives of grid companies and grid users with what is expected from
them. We look at three empirical cases to see which regulatory tools
have already been applied and find that smart grids need a coherent
regulatory framework addressing grid services, grid technology inno-
vation and grid user participation to the ongoing grid innovation. The
paper concludes with what appears to be a smart regulation for smart

grids.

The full report can be found here: http://cadmus.eui.eu/dspace/bits-
tream/1814/14043/1/RSCAS_2010_4S.pdf

Glachant, ].M., Hallack, M., May 2010, The gas trans-
portation network as a ‘Lego’ game: How to play it?
Robert Schuman centre for advanced studies.

This paper provides a unified analytical frame for all types of gas trans-
portation networks. It shows that gas transport networks are made of
several components which can be combined in different ways. This very
“lego property” of gas networks permits different designs with different
economic properties while a certain infrastructural base and set of gas
laws is common to all transportation networks.

Therefore the notion of “gas transportation network” as a general and
abstract concept does not have robust economic properties.

The variety and modularity of gas networks come from the diversity of
components, the variety of components combination and the historical
inclusion of components in the network. First a gas network can com-
bine different types of network components (primary or secondary
ones). Second, the same components can be combined in different
ways (notably regarding actual connections and flow paths). Third as a
capital-intensive infrastructure combining various specific assets, gas
transportation networks show strong “path dependency” properties as
they evolve slowly over time by evolving from an already existing base.
The heterogeneity of gas networks as a set of components comes firstly
from the heterogeneity of the network components themselves, secon-
dly from the different possibilities to combine these components and
thirdly from the ‘path dependence’ character of gas network construc-
tions. These three characteristics of gas networks explain the diversity
of economic properties of the existent gas networks going from natural
monopoly to competitive markets.

The full report can be found here: http://cadmus.eui.eu/dspace/bits-
tream/1814/13975/1/RSCAS_2010_42.pdf.

EBN, June 2010, Focus on Dutch gas.

In this report EBN gives a comprehensive overview of the Dutch gas
sector. The report deals with current reserves and production, gas
infrastructure, exploration and current developments. The report can
be downloaded from EBN’s website.

The full report can be found here: http://www.ebn.nl/files/focus_on__
dutch_gas_2009.pdf.
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Upcoming conferences

July 6:

Platts LNG Forum
Madrid, Spain

Website: www.platts.com

July 9:

Will FLNG ever be a reality?

London, UK

Website: http://www.smi-online.co.uk/training/overview.
asplis=S&ref=3411

July 19-20 :

Global Shale Gas Summit

Warsaw, Poland

Website: http://www.global-shale-gas-summit-2010.com/

July 28-30:

International Conference on Energy and Environment

Paris, France

Website: http://www.waset.org/conferences/Energy Environment

August 3-6:

2nd Annual Offshore India Oil and Gas Summit
Mumbai, India

Website: http://www.offshoreindiaoilgas.com/

September 15-16:

Gas Storage 2010

Rotterdam, The Netherlands

Website: http://www.iir.nl/energy/event/2_daagse conferentie/

September 23-24:

Unconventional Gas

London, United Kingdom

Website: http://www.platts.com/Unconventional gas_conference

October 12:

Energy transition and leadership

TBA

Website: http://www.energydelta.org/en/mainmenu/conferences/
intro
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