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Disclaimer 
 

The views expressed in this report are those of the authors, not necessarily those of the Department 

of Energy and Climate Change and do not reflect Government policy. 

 

Absolute carbon prices in this study are purely hypothetical only to support the findings on carbon 

price uncertainty and should therefore not be used for any impact assessment or other analysis.1  

 

This report included discussions with stakeholders, but these discussions did not constitute a 

comprehensive consultation process and as such the stakeholder views should be considered a non-

representative sample. 

 

 

 

 

 

  

                                              
1 The absolute carbon prices in this study are based the costs for greenhouse gas abatement determined using a combination of studies 
published by DECC and do not take market behaviour into account. For more details see Annex III. 
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Summary 
 

Putting a cap on greenhouse gas emissions through the EU emissions trading system (EU ETS) is an 

important step towards controlling climate change impacts from industry and electricity generation. 

However, the low carbon price that has recently emerged from the EU ETS is not currently effective 

at incentivising investment in the technologies that will be needed for the transition towards low-

carbon energy systems. This is mainly because the recent recession reduced demand for emissions 

allowances, leading to a surplus of allowances and a collapse in carbon prices. Additionally, the 

current linear trajectory of the cap in the EU ETS is also not in line with the long-term climate goals.  

 

This situation has led to discussions about structural reform of the EU ETS. These discussions are not 

limited to whether and how to reduce the number of surplus allowances, but also raise the question 

of whether on-going control mechanisms are required. These two issues are linked because if 

intervention is required now to redress the balance of supply and demand following the recent 

economic shock, such interventions may be required in the future should similar types of shock arise 

again. If so, it may be better to plan for such interventions in advance in order to reduce uncertainty 

associated with ad-hoc changes. Some of these control mechanisms relate to the design of the cap. 

 

In addition to the low price, uncertainty in the carbon price can also reduce the effectiveness of 

carbon prices in creating sufficient investment signals. This study focuses on this latter issue. We 

assess the degree to which uncertainty of carbon prices (as opposed to the absolute level) is 

important to investors, and how it might be addressed through various options to alter the design of 

the emissions cap. This study tries to separate the effects of price uncertainty from the effects of 

current relatively low prices by investigating a number of hypothetical scenarios covering a range of 

supply and demand conditions.  

 

Goals and methodology 

The goal of this study is to investigate the inter-relation between cap-setting in the EU ETS, carbon 

price uncertainty, and investment decision-making, by taking the following steps: 

1. Investigate the way in which investment decisions are made, and the role of uncertainty in 

such decisions. 

2. Consider specifically the role of carbon price uncertainty on investment decisions. 

3. Identify different cap-setting approaches.  

4. Determine the likely impact of identified cap-setting approaches on carbon price uncertainty 

and investment decisions.  

 

Three methodological approaches were used:  

• A literature review (Section 2.1) was important in providing the theoretical background for 

the study.  

• This theory was complemented with experts consultation (Section 2.2) to provide an 

understanding of how investment decisions are made in practice, how carbon prices are 

perceived by key players, and how this perception affects decision-making.  
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• In parallel, a modelling exercise (section 2.3) was used to simulate how a range of cap-

setting options impact would carbon price uncertainty. These modelling results can be used 

together with the other sources of information to make conclusions about how cap-setting 

options can influence carbon price uncertainty and therefore, in turn, how investment 

decisions might be affected.  

 

Key Messages 

 

Investment decision-making processes are varied, and include clear approaches for 

incorporating risks and uncertainties 

 

This project started by developing a fuller understanding of how investment decisions are made and 

how risks and uncertainties are dealt with in general. This knowledge is an important backdrop for 

understanding decisions in the face of carbon price uncertainty.  

 

The decision-making process varies greatly between projects and firms depending on the size of the 

investment relative to the size of the firm; the objective of the investment (strategic or operational); 

the hurdle rate of the investment; the types of risks involved; and the time horizon of the 

investment. The structure of a company is also important in terms of which decision-making 

processes are used, including the autonomy of business units, the geographical location of the firm 

and its HQ and the availability of capital within the parent organisation.  

 

A range of commercial factors affect the investment decisions made in a firm, in particular carbon 

prices and energy prices. Carbon price and its uncertainty is therefore one of many factors that need 

to be considered. In many companies carbon price is seen primarily as carbon costs, and in the 

current situation where carbon prices are low, they are too insignificant to consider on their own and 

are often incorporated into the general bracket of energy costs. 

 

In this report, carbon costs are understood to be the total money that a firm needs to pay out over a 

given period of time that relates to their direct and indirect carbon emissions.  These costs are  lower 

when some allowances have been received free of charge. The opportunity cost associated with the 

potential for companies to sell-on these allowances are not included in this concept of carbon costs 

because companies often perceive opportunity costs differently from direct out-of-pocket costs. 

Carbon prices, on the other hand are market price of carbon at a given time (£/tonne). In most parts 

of Europe the carbon price is the EUA price, however, in other countries, such as the UK, the carbon 

price may be also include the cost of other carbon-related taxes and charges.   

  

Project appraisals are central to the decision-making process. Risks and uncertainties, including 

carbon price uncertainty, need to be incorporated into such appraisals. Net Present Value (NPV) 

assessments are widely used, but uncertain factors are treated differently by different firms in 

different circumstances. In many cases uncertainty adds a risk premium that raises the returns a 

project must make before it will be considered for investment.  
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The industrial sectors and power sectors often view carbon prices in different ways 

 

The industrial sectors overwhelmingly consider carbon costs as distinct from carbon prices. This is 

because the high quantity of free allowances available to firms relative to their current need, largely 

shields them from direct exposure to carbon prices, whereas they may be more strongly affected by 

policy decisions that impact on the quantity of free allowances allocated to them. They also consider 

indirect effects such as pass-through of carbon and other climate policies such as feed-in tariffs onto 

electricity prices as part of this cost exposure. This perspective may change in the future, but it 

currently means that there is only limited exposure to carbon price uncertainty.  

 

At present, energy costs remain the primary driver of emissions abatement investments, which 

mostly come in the form of energy efficiency improvements. It is therefore not surprising that energy 

costs and uncertainty in future fuel prices are crucial in strategic investment decisions, and that 

carbon price and its uncertainty are only seen as a subset of these uncertainties. The currently low 

carbon price sets an important context for industrial participants. There is a tendency for them to 

view policy actions aimed at tackling carbon price uncertainty as a factor likely to lead to an increase 

in expected carbon price. They therefore tend to be generally more resistant to such interventions. 

Furthermore, any policy intervention now may be seen as an indication to some that more policy 

intervention could follow which might increase policy uncertainty.  

 

In contrast to the industrial sectors, the power sector sees energy costs as a driver for investment. 

This attitude is also reflected in the power sector’s perspective on carbon prices, which are  seen as a 

potential driver for investment. However, currently carbon prices are too low to have any influence. 

Overarching policy and regulation in different countries such as shale gas developments in the US 

and feed-in tariffs in Germany and Spain are seen as the main drivers of investment in the power 

sector. 

 

Current low carbon prices also have an impact on how companies view carbon price 

uncertainty 

 

The current low price sets an important context for this study. Two contrasting perspectives emerge 

regarding the impact of carbon price uncertainty on investment. On the one hand, the current  price 

makes carbon a low-priority issue for many firms. Consequently, carbon price uncertainty is seen as 

a second-order effect, with low impact. This perspective tends to relate to short-term investment 

decisions, where current market conditions drive price expectations. 

 

On the other hand, uncertainty over prices in the long-term is seen as substantial, with firms exposed 

to risks either from high or low prices depending on the business they are in or the type of 

investment they are considering. Over this longer timescale, carbon price uncertainty (together with 

energy price uncertainty) is seen as a major and sometimes dominant issue.  

 

Carbon price uncertainty has policy, market and technology elements  
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Carbon price uncertainty can be divided into market uncertainty, policy uncertainty and technology 

uncertainty. Currently, in a low carbon price, high policy risk paradigm, most parties perceive the 

policy risks and their impact on carbon prices as the most significant driver on the system. Some 

stakeholders from industrial sectors and those investing in the power sector commented that they 

see the carbon market mainly being driven by policy decisions rather than market forces. 

 

This policy uncertainty is not restricted to changes to the EU ETS alone, but also relates to other 

policies and measures such as renewables policy and fuel taxes. As a result, action through the EU 

ETS alone will only be able to tackle the carbon price uncertainty to a limited degree. 

 

Technology uncertainty is also considered of great relevance to the carbon price uncertainty, 

particularly in the longer term. Many industries will need game-changing technology, including CCS, 

to be operational and deployable to allow real step changes in emissions reductions. When this 

becomes possible, significant changes in carbon prices may also be expected. If deemed appropriate, 

this technology risk can be incorporated into a flexible cap-setting mechanism using the relevant 

triggers and controls. 

 

Carbon price uncertainty can have a clear detrimental impact to low-carbon investments 

 

In many cases uncertainty adds a risk premium during the investment appraisal process, which 

increases the expected returns required on investment before it can proceed. Uncertainty about the 

carbon price is likely to lead to delays in investments across all sectors and can result in sub-optimal 

investments being made. These are the main reasons why policy options to improve carbon price 

certainty are considered. In principle, policy-makers could reduce carbon price uncertainty to a 

greater degree by directly specifying a price floor and ceiling (price collar) which can be set as wide 

or thin as the policy-maker deems necessary. The price collar could be set such that within the limit 

the carbon price has no variation in the future and is therefore “certain”. However, it is still subject to 

policy uncertainty in the sense that the price collar could still be subject to unexpected change, for 

example due to political intervention. 

 

Such interventions might be expected to reduce investment risk premia for would-be investors in 

low-carbon technologies, supposing the policy-determined carbon price floor was high enough. 

However, it was found that many EU ETS participants in this study are more concerned about policy 

risk than they are about carbon price risk per se.  The potential benefits therefore need to be 

balanced against the fact that these policy interventions could make carbon pricing more complex. 

 

The payback period expected from operational investments is approximately 3.5 years, dipping to as 

low as 2 to 3 years for energy efficiency investments in industry, but can go up as far as 30 years for 

very strategic investments in both the industry and power sector with investment time horizons up to 

40 years. The future point in time for assessing the carbon price relates directly to the payback 

period of the planned investment. As a result, with a range of different carbon-related projects, the 

requirement for certainty will mean different things for different investors, making it hard to design a 
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one-size-fits-all policy that improves certainty and incentivises investments for everyone. There may 

be some trade-off between short-run interventions that help support more immediate investments 

with short payback times vs. creating credible long-term signals that would support strategic 

investments that have long payback periods. The types of policy options that relate to the EU ETS cap 

and could impact carbon price uncertainty are addressed in more detail in Section 5. 

 

Flexible-cap setting approaches can impact carbon price uncertainty 

 

There are a range of potential approaches to setting a cap in the EU ETS that are explored in 

literature. These can be categorised into those which alter the long-term trajectory of the cap and 

those which make short-term alterations. For both of these approaches changes to the volume of 

allowances in the system can be made through a permanent cancellation or a temporary removal of 

allowances – including to a strategic reserve. Such temporary removal would essentially re-create the 

banking function that is already part of the EU-ETS, but bring it within control of policy-makers rather 

than the market. The efficiency of doing so rests on an assumption about whether policy-makers or 

market participants are in the best position to make these decisions.  

 

There are advantages and disadvantages of these different cap-setting approaches, which can go 

beyond the discussion of carbon price uncertainty. In some cases these approaches might increase 

uncertainty about the volume under the cap, even as they reduce carbon price uncertainty. For 

example, by setting a hard price ceiling, there is a risk that emissions may exceed the cap, 

compromising the environmental objective.  In addition, some options may reduce the market-nature 

of the EU ETS, and therefore reduce the ability of the scheme to achieve its goals of cost-efficiently 

achieving abatement. On the other hand, these approaches may have additional impacts, particularly 

on the level of the carbon price that could be considered an advantage.  

 

In order to fully understand the impact that such cap-setting approaches can have on carbon price 

uncertainty, the Oxford Energy Associates (OEA) price model was used. A range of different cap-

setting options were modelled in order to see the widest impacts. These modelling results need 

careful interpretation for two reasons. Firstly, what we present as carbon ‘prices’ are actually the 

costs of abatement for meeting the cap in a given year. In reality, banking of allowances (which is 

not taken into account in the modelling) can substantially change the trajectory of prices, tending to 

smooth out price variations over time in accordance with longer-run expectations of supply and 

demand (Section 5.3.2). The second, and more important, reason for caution is that the model is 

set up with fewer surplus allowances in the system than in the EU ETS. Currently, the EU ETS 

has a carry-over from Phase II of approximately 1800 MtCO2 which, are estimated to be greater than 

expected cumulative emissions for phase III, when taken together with the allowances to be allocated 

for the remaining years, and being banked for use in future years. This so-called surplus delays the 

time when scarcity drives normal price-setting behaviour in the market. Since we are trying to 

investigate price behaviour, we artificially reduce this surplus to 500 MtCO2 in order to bring this 

behaviour forward. For this reason, the outputs produced are not price projections and cannot 

be used as impact assessments of the design options in the EU ETS. They should instead be 

interpreted as hypothetical scenarios. 
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With these caveats in mind, the model results provide some useful insights. The range of carbon price 

outputs for a given cap is wide, illustrating the importance of fuel price, technology cost and demand 

uncertainty in influencing carbon price uncertainty. If uncertainty about the level of the cap is also 

included, the carbon price uncertainty increases further. The following options to limit the carbon 

price uncertainty have been investigated:  

• One policy option is to try to limit the degree of uncertainty over the cap by creating a narrow 

gateway that will determine the cap quite far into the future (Section 5.3.2). This approach 

could reduce price uncertainty in the long-run, leading to greater incentives to invest in 

carbon mitigation.  

• Alternatively, the supply of allowances in the market could be managed in a more active way 

to try to adjust for shocks to the system as and when they arise. We investigate responses to 

fuel price shocks (Section 5.3.3), and demand shocks, which can be seen as a proxy for 

unexpected changes in economic activity, such as the recent recession (Section 5.3.6). Both 

of these examples show that price ranges i.e. the degree of uncertainty relating to both 

carbon and electricity can be influenced by such interventions.  

• The model is also used to show the difference between intervening in the market on the basis 

of the amount of surplus in the system (Section 5.3.4), vs. the carbon price itself (Section 

5.3.5). Intervening solely on the basis of surplus in the system without any reference to 

prevailing price may prove challenging in terms of the identifying suitable scale and timing of 

interventions. For example, a large “surplus” of allowances could occur at times of relatively 

high prices if participants expect even tighter market conditions and prices in future periods, 

or at times of relatively low prices if demand drops due to recession. The ‘need’ for 

intervention would be different between the two cases, even if the surplus was the same. It is 

acknowledged that the model has limitations in adequately modelling this design option, and 

more work is required. Perhaps unsurprisingly, control mechanisms that rely on a price 

trigger are a more direct way of reducing uncertainty of carbon prices. It imposes a price 

floor and/or ceiling on the market, with the range in between determined by policy-makers.  

 

Stakeholder’s perspectives on different cap-setting option varies by sector 

 

The interviewed stakeholders were, for the most part, reticent to express strong opinions about cap 

setting options, noting that the details are very important to the position that they might take. 

However, broadly speaking, two viewpoints emerged:  

• Power sector and financial sector stakeholders interviewed have a preference for flexible cap-

setting options that can provide a sustained, durable and credible price. Interviewed parties 

from both sectors agreed that because there is no mechanism to absorb shocks in the EU ETS 

the carbon price uncertainty for the future is large and the price is too low to incentivise 

investment at the moment. Whereas the power sector party prefers a supply-triggered 

system, possibly with cancellation, the financial sector party emphasised that they have no 

specific opinion on the design of this option, provided that it is credible. 
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• Most interviewed industrial stakeholders in this study see the EU ETS and the carbon price as 

compliance costs rather than a commodity that can be traded on the market, or as an 

opportunity cost that can be gained if low carbon investments are made. Some industry 

sectors expressed strong concerns about a price-triggered approach and preferred no 

intervention within trading periods as they perceive it as distorting the market. This is similar 

to the findings from stakeholder consultation for the California Cap-and-Trade Program, 

where many stakeholders felt that allowing administrative adjustments in the cap would 

create undesirable uncertainty in the allowance market (ARB, 2012a).  

 

Can changes to the EU ETS cap-setting methodology to reduce uncertainty make a 

significant impact to low-carbon investment decisions?  

 

The research highlighted a contradiction about the role of policy certainty in investment decision-

making. On the one hand it is clear that policy certainty is very important to investment decision-

making and that uncertainty related to policy issues, including but not limited to the EU ETS, plays an 

important role in decision-making. On the other hand, it appears that despite the apparent 

importance of policy certainty, the EU ETS-related flexible cap-setting options for restricting carbon 

price uncertainty explored in this study would have rather small impacts on investment decisions in 

the short-term, through the impacts on carbon price uncertainty specifically.  

 

This latter finding is because: 

 

1. Policy design around cap-setting in the EU ETS only addresses one of several factors that 

cause carbon price uncertainty. The wider set of uncertainties around EU climate policy, 

and even broader policy, collectively represents a significant risk factor for energy-

intensive industry and the power sector 

2. Carbon price uncertainty is only one of several factors affecting electricity price 

uncertainty2 which is a larger component of risk to electro- intensive firms that carbon 

price itself; 

3. For energy-intensive industrials, carbon cost and volatility in the carbon cost, as opposed 

to price, is currently seen as the main risk. With free allocation, firms are currently largely 

protected from price variation (although highly exposed to policy risk around changes to 

free allocation rules) 

4. Nearer term carbon price and carbon price uncertainty in the near term is currently seen 

as a relatively insignificant factor in investment decision-making. Although the current 

status may relate to low carbon prices, this may not be the only explanation for this 

observation. 

 

                                              
2 See Annex III.2 
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Despite the significance of overall policy risk over the long-run, the evidence gathered during this 

project regarding the options for reducing uncertainty is rather limited – only focusing on a particular 

type of intervention in the EU ETS.  

 

The connection between the potential reduction in carbon price uncertainty and the impact that this 

could have on investment decisions was not made directly by stakeholders. In some cases, due to a  

the lack of detail that could be provided at this stage on the implementation of any given option, 

stakeholders were not able to form views on the flexible cap-setting options.  

 

Conclusions and Next Steps 

 

It is important to distinguish between different types of uncertainty. Stakeholders strongly identified 

policy uncertainty as being a key worry for them. They find it harder to manage policy risk than other 

factors influencing the carbon price (such as fuel price variation, technology cost uncertainty) which 

are more market-based risks. This finding is backed-up by evidence from the literature (Blyth and 

Bunn, 2011; Engau and Hoffman, 2009).  

 

Therefore, in assessing cap-setting options, we need to be clear which types of risk they address. For 

example, reducing the range of uncertainty over the future trajectory of the cap would only address 

policy risk, leaving technology and market risks for companies to manage. By contrast, setting a price 

floor and ceiling would in principle address all sources of carbon price risk depending on how 

stringent the floor and ceiling are.  

 

An impact on price or policy certainty alone cannot achieve an improvement in investment incentives 

- the actual carbon price itself still needs to be at a sufficient level. Furthermore, other relevant 

policies and company structures need to align favourably to enable investments to happen. 

 

Of the options considered in this study, an option that narrows the range of the cap trajectory, i.e. a 

trajectory gateway, is the only one that focusses solely on addressing policy risk. For theoretical and 

practical reasons therefore, this appears to offer the most promise. It provides a credible long-term 

signal, whilst reducing the tangible policy risk that currently exists associated with a single trajectory 

that the target may change by an unknown amount in response to changes in the wider economic or 

political situation. Whilst under a gateway option changes to the trajectory would occur, these would 

at least be made in a planned and orderly fashion, allowing companies to make some forward view of 

the process and criteria for such changes. This provides some certainty over process and timing of 

changes, and could reduce the range of potential future carbon prices, whilst also giving policy-

makers room to alter the course if needed. 

 

However, this type of option may not be able to respond quickly to unexpected large fluctuations in 

supply or demand. The ability to adjust supply of allowances in a more responsive way provides 

another type of intervention that could have more rapid effects, but go beyond just limiting policy 

risk. Setting up such mechanisms would send a signal to the market that market intervention would 

occur if conditions in the market move outside of a certain range. This could potentially be beneficial 
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to market participants, but only if the conditions under which such intervention would take place, and 

their potential scope and impacts, could be credibly predicted in advance. Potential triggers for such 

interventions could be based on the carbon price, measures of surplus allowances in the system, fuel 

price triggers or responses to unexpected changes in demand.  

 

Of these options, the price-control mechanisms could have the most direct impact on limiting the 

range of future carbon prices, although they are still open to policy risk to the extent that the price 

levels could be changed in the future. The surplus-control approach provides less direct control of 

carbon prices, but could help to rebalance the system if for example the current situation of over-

supply were to be repeated in the future. However, this surplus-control approach is likely to face 

significant practical challenges in the implementation phase, in particular how to identify what is 

actually problematic surplus, and what is surplus generated as normal market behaviour i.e. reducing 

emissions and banking for later. The difficulties of setting the optimal trigger points of a mechanism 

also exist in price-control mechanisms where choices need to be made about what constitutes the 

“right” level for the carbon price. 

 

It is clear from this work that flexible cap-setting options can reduce carbon price uncertainty to 

some degree. However, since industrial players and power sector players, broadly speaking, consider 

the carbon elements of their investments differently, any new cap-setting policies will impact 

investment decisions differently in different parts of the market. When choosing cap-setting 

approaches, several other factors also need to be considered: 

• Increased carbon price certainty will not necessary lead to increased investments in low-

carbon opportunities 

• The absolute carbon price will remain important to investment considerations 

• Many of the policy options to improve carbon price certainty may come at the cost of 

other types of policy certainty, both within the EU ETS but also in related and 

supplementary policies. These types of policy uncertainties  could still make investments 

risky and therefore subject to a risk premium and likely to face delay 

• The desire to reduce carbon price uncertainty itself may reduce the most unlikely price 

outcomes i.e. highest prices which will also discourage a high risk-high reward 

investment strategy that may be necessary for the most costly low carbon investments. 

• Reducing carbon price uncertainty, at its most extreme, removes much of the market 

element of the policy, and tends towards taxation. These approaches may compromise 

the cost effectiveness principle of the EU ETS.  

• Recent experience in the EU ETS shows that it is very difficult to predict all eventualities 

ex-ante. Some flexibility can also help policy-makers review and guide the tool. 

• The EU ETS is the key tool in the EU’s climate change programme – flexible cap-setting 

approaches may be essential to allow the EU to meet its goals if there are significant 

unforeseen changes.  

• The investment signals that are important to the participating sectors and others depend 

on a range of policies not just the EU ETS and therefore a coherent, coordinated approach 

would be necessary to tackle the overall question of certainty.  
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A final issue to consider in the design of any intervention is to achieve a good balance between 

simplicity and effectiveness. The simplest approach is to do nothing (i.e. stick to the fixed annual 

decline with no adjustment process). The current rate of decline at 1.74% p.a. would need to be 

changed in order to meet agreed long-term goals (90-95% by 2050), and at some point linear 

reduction targets will need to be changed as they approach zero. The question is to what extent such 

long-term targets are seen as credible by the market. Writing into legislation that such rules will 

never be changed tends not to be credible. A more credible approach is to provide transparency over 

the potential scope of such changes, and how they will be managed (e.g. scheduled reviews, with 

decision criteria and trigger points identified in advance). This approach allows for predictable 

flexibility.  

 

Complexity on the other hand brings its own set of risks, firstly regarding the need for companies to 

interpret and adjust to complex new rules, and secondly because of the increased risk of unintended 

consequences. The problem with any policy mechanism to control prices is that it then becomes a 

focal point for policy risk because of the risk that the rules might be changed in the future. Some of 

the options presented in this report could lead to considerably more complexity, which needs to be 

weighed up against the potential benefits they would bring in terms of improved certainty.  
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1 Introduction 

To understand the impact of carbon price uncertainty, and the structure of the EU emissions trading 

system (EU ETS), on investment decisions, it is important to have an idea of the way in which the EU 

ETS is set up. This introduction describes the EU ETS in general terms, and outlines the way the rest 

of this report is structured.  

 
1.1 Background 

To reduce greenhouse gas emissions cost-effectively, the EU has set up an emissions trading system 

(ETS). Entities covered by this system need to submit emission allowances to balance their actual 

emissions annually. The total amount of emission allowances in the system is capped, theoretically 

creating scarcity. Entities can either obtain allowances from auctions or in some cases allocated to 

them for free according to performance benchmarks and historical activity levels. Entities can trade 

these allowances between themselves, leading to a market price. By appropriately capping the 

number of allowances, it ensures that the emissions are equal to or below a certain level set by the 

greenhouse gas emissions reduction target. This way environmental effectiveness is guaranteed.  

 

In recent years, the downturn in economic activity across the EU has led to fewer emissions than 

previously expected. This reduction in emissions also reduced the expected scarcity of emission 

allowances in future and caused the price of allowances to plummet. In addition, the current cap may 

also not be fully in line with Europe’s long-term climate change goals. While the economic downfall is 

advantageous for meeting the 2020 emissions reduction target at low costs, there is a general 

consensus that the current price of allowances is too low to stimulate the investments needed for a 

transition to a low-carbon economy. Such a transition is, however, needed to achieve the European 

Commission’s overarching 2050 emissions reduction ambition and the UK Government’s 2050 

emissions reduction goals.  

 

Under a carbon pricing regime, a carbon price is established and this carbon price, or an estimate of 

this carbon price, should theoretically play a part in the decisions that companies and others make to 

invest in low carbon technologies. These investors pay attention both to the level of the price as well 

as to the certainty of this price level. It would be logical to expect that a stable, long-term high 

carbon price signal will stimulate investments in low-carbon technologies whilst a low carbon price or 

an uncertain carbon price may reduce the incentive to make such investments.  

 

In the EU ETS, a fixed supply of allowances is determined upfront. This supply of allowances 

constitutes the cap for the system and ensures that the emission reduction target is met and provides 

policy stability to companies and investors. This cap, and an estimate of demand in the system can 

be used as an indication of the carbon price. In the EU ETS, as it works at present, the current 

carbon price is unexpectedly low. This unexpectedly low value has been detrimental for companies 

that have already invested in low carbon technology based on expectations of a higher carbon price. 
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Whereas these companies expected to improve their competitive position, they now face a much 

longer payback period for the capital costs than assumed when making the investment.  

 

Therefore, although there is a fixed supply of allowances providing policy certainty, such certainty 

does not guarantee price certainty or stability. In the EU there is a growing public debate on whether 

an alternative system design allowing more flexibility in supply of emission allowances would be 

appropriate.  

 

There are important links between this debate and wider questions about optimal policy design for 

greenhouse gas controls. Since the seminal paper on ”prices vs. quantities” by Weitzman (1974), the 

question about whether to use carbon taxes (which fix prices but not emissions quantities) or permit 

trading schemes (vice versa) has been repeatedly addressed in the literature (e.g. Pizer 2001). There 

is evidence that under conditions of uncertainty, combining the two types of mechanism may be the 

most desirable option (see e.g. Pizer 2002, Newell 2005). Such a scheme might specify an emissions 

cap, but set limits to the range of prices that would be allowed, potentially combining the economic 

efficiency of a tax whilst keeping some control of emissions trajectories.  

 

This study does not attempt to look at the problem through the broad lens of economic efficiency, but 

rather through a narrower lens of the impact of uncertainty on investment decision-making. 

However, uncertainty means different things to different people. A key driver of the current debate 

around the EU ETS is the “carbon price risk”, in particular the fact that the carbon price does not 

provide sufficient assurance to would-be investors in low-carbon technologies3. However, clearly price 

risk is an inherent feature of (quantity-based) emissions trading systems, and many EU ETS 

participants interviewed as part of this study found this acceptable, whilst others took the view that 

some form interventions would be desirable to reduce price risk4. The various options to achieve this 

reduction in risk, and the potential impact on investment decision-making is the focus of this report. 

 

This question raises the question about a different class of risk. Whilst many participants in the EU 

ETS were sanguine about carbon price risk, they were generally much more concerned about policy 

risk. Policy risk is partially addressed in this report to the extent that different policies may give more 

or less foresight to investors over the range of potential future cap-setting options in the future. On 

the other hand, the risk of policy-makers changing the rules in the future in an unpredictable way is 

probably inherent in most regulatory options (including carbon taxes), and is not dealt with in detail 

in this report.  

 

As part of this debate on flexibility in supply of emission allowances, the European Commission 

consulted on options for structural reform of the EU ETS, some of which focus on tackling the short-

                                              
3 It should also be noted that fixing the carbon price does not necessarily provide the right investment signal to low-carbon technologies, as 

these tend to be highly differentiated (hence the need for different tariffs under most renewable and nuclear energy support schemes). 
4 However, there is a difficulty of political economy regarding the setting of carbon prices. Trying to achieve political consensus about the 

‘correct’ level of carbon prices may be impossible. Indeed this is one reason why negotiations to establish the EU-ETS were successful, whilst 
previous protracted negotiations regarding common energy taxes across the EU had been unsuccessful. 
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term surplus in the EU ETS, and several of which relate to the cap. Some of these options also 

consider the longer-term trajectory of reductions in the EU ETS, as well as the overall scope of the 

system.5 In parallel, the UK government is considering what the EU ETS should look like in the longer 

term including considerations, amongst many other factors, of price certainty. This study should 

contribute to the UK government’s discussions.  

 
1.2 Goal and objectives 

The goal of this study is to investigate the impact of different cap-setting approaches in the EU ETS 

on carbon price certainty and to understand the impact of carbon price uncertainty on investment 

decisions.  

 

This goal will be met in the following steps: 

1. Investigate the way in which investment decisions are made, and the role of uncertainty in 

such decisions. 

2. Consider specifically the role of carbon price uncertainty on investment decisions. 

3. Identify different cap-setting approaches.  

4. Determine the likely impact of identified cap-setting approaches on carbon price uncertainty 

and investment decisions.  

 

The focus of this study is summarised in Figure 1. 

 

 
Figure 1 Overview of the focus of this study 

 

 

                                              
5 http://ec.europa.eu/clima/policies/ets/reform/index_en.htm 
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1.3 Overall approach 

In order to address the goal and research questions above, a literature review and expert 

consultations were carried out. An economic model was used to assess the impact of cap-setting 

approaches on the carbon price uncertainty. 

 

This study focusses on cap-setting and not on other design aspects of an ETS that have an impact on 

the carbon price such as the use of carbon offsets and linking with other systems, overlap with other 

policy instruments. 

 

 
1.4 Outline of this report 

The structure of this report is as follows: 

• Chapter 1 provides an introduction  

• Chapter 2 describes the approach and methods used in this study 

• Chapters 3, 4 and 5 present the results  

• Chapter 6 provides final conclusions and recommendations 

 

Chapters 3-6 consolidate the results from the literature review, stakeholder and expert discussions 

and the modelling exercise to come to results and conclusions. Chapter 3 describes relevant factors in 

investment decision-making for this study, followed by an analysis of the impact of carbon price 

uncertainty on investment decisions in chapter 4. Chapter 5 provides an overview of various cap-

setting approaches and the impact of these cap-setting approaches on the carbon price uncertainty. 

The conclusions in chapter 6 indicate what should be considered in taking the next steps.  
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2 Methodology 

This section describes the methods used in this study. Three methodological approaches were used in 

order to understand the core questions of this study fully. A literature review (Section 2.1) was 

important in providing the theoretical background for the study. This theory was complemented by 

expert consultations with (Section 2.2) to provide an understanding of how investment decisions are 

made in practice, how carbon prices are perceived by key players, and how this perception affects 

decision-making. In parallel, a modelling exercise (Section 2.3) was used to simulate how a range of 

cap-setting options impact carbon price uncertainty. These modelling results can be used together 

with the other sources of information to make conclusions about how cap-setting options can 

influence carbon price uncertainty and therefore, in turn, how investment decisions might be 

affected. Figure 2 shows an overview of the methodological approach used in this study. 

 

 
Figure 2 Overview of the methodological approach used in this study with the appropriate section numbers 

 

This section provides further detail on how these methodological approaches were applied to this 

study.  

 
2.1 Literature review 

The literature review, as introduced above, investigated the following topics: 

1. Determinants of, and response to carbon price uncertainty 

2. Impact of carbon price uncertainty on investment decisions 

3. The role and potential for flexible cap-setting 
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4. Providing economic and policy certainty to industry 

5. Impact of carbon price uncertainty on competitiveness 

 

The review considers: 

• Papers published in academic journals such as Energy Policy  

• Documents that support policy making published by governments or bodies such as the 

European Commission, the California Air Resources Board and the Australia Climate Change 

Authority 

• Studies issued by governmental and non-governmental organisations such as the 

International Energy Agency and the World Bank 

• Position papers by stakeholders such as industrial sector associations 

• Reports published by companies 

 

Papers, articles and reports have initially been selected based on experience of the authors. In 

addition, the review considers material suggested by external experts (see Section 2.2). A long list of 

literature was available, and was initially scanned on the basis of relevance to this specific question. 

The team found that because of the very particular nature of the questions being investigated in the 

project, all of the readily available literature that was directly relevant to this specific question of 

carbon price uncertainty was used, although a wider range of literature on general uncertainty and 

investment decisions is available but has only been investigated to set the context for this study.  

 

Detailed findings of the literature are included in Annex I. These findings of the literature review have 

been consolidated with the results of stakeholder and expert consultation and the modelling exercise 

in Section 5.  

 
2.2 Stakeholder and expert consultation 

The project team interviewed selected stakeholders and experts to obtain insight into decision 

making approaches in the context of carbon price uncertainty in their own organisation or based on 

their knowledge and experience. A broad range of stakeholders and experts have been consulted to 

obtain the insights from various perspectives. Stakeholders and experts include UK industry 

associations, a financial institution, academic experts and international companies operating on an 

EU-level or global level that experience an impact of the EU ETS on their business. The full list of 

stakeholders is provided below. The list of sectors and the selected financial institution has been 

compiled in discussion with DECC, while the individual companies were proposed by the contacted 

sector associations and the academic experts proposed by the academic contacts. This list was 

subject to the availability of stakeholders and experts. 

 

This report included discussions with stakeholders, but these discussions did not constitute a 

comprehensive consultation process and as such, the stakeholder views should be considered a non-

representative sample. 
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Sector associations: 

• Chemical Industry Association 

• Confederation of Paper Industries 

• EEF: Manufacturers Organisation for UK Manufacturing 

• Mineral Products Association 

• The Mineral Wool Energy Savings Company 

• UK Steel 

 

Individual companies: 

• BASF (Chemical sector) 

• DS Smith (Pulp and paper sector) 

• EDF Energy (Power sector)  

• Lafarge-Tarmac (Mineral products sector) 

• Outokumpu (Steel sector) 

• Sahaviriya Steel Industries UK (Steel sector) 

• Sheffield Forgemasters (Steel sector)  

• Tata Steel (Steel sector) 

 

Financial institution: 

• Climate Change Capital 

 

Academic experts: 

• Dr. Luca Taschini, London School of Economics 

• Frank Venmans, University of Mons 

 

The stakeholder and expert consultation consisted of bilateral phone interviews followed by a 

workshop, both of which are described in more detail below. Many stakeholders participated in both 

activities. Annex II summarises the key messages from the phone interviews. The findings from the 

interviews and workshop have been consolidated with other findings in Chapter 3 to allow for a direct 

comparison between literature, modelling results and input from stakeholders and experts. 

 
2.2.1 Phone interviews 

The team interviewed various stakeholders and experts over the phone to gain insights into the role 

of carbon price uncertainty on investment decisions in various industries as well their view on how 

different cap-setting methods could change the way they perceive carbon price uncertainty.  

  

In order to capture a broad spectrum of views of on carbon price uncertainty, investment decisions 

and cap-setting methods a wide range of stakeholders, including academics, were interviewed.  

 

In each of the phone interviews the following topics were discussed: 

• Impact of carbon price volatility and uncertainty in past and future investment, and how this 

compares to other risks 
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• Determinants of carbon price uncertainty 

• Assumptions and methodology in assessing carbon price uncertainty and risk in investment 

decisions/new practices 

• Impact of different cap-setting methods on carbon price certainty and investment decisions 

• Importance of carbon price certainty compared to policy certainty 

 
2.2.2 Stakeholder and expert workshop 

Whilst telephone interviews allowed for a deep discussion of issues, as they related to a particularly 

stakeholder, a workshop allows for interactions between stakeholders with different views. In 

addition, an expert workshop could allow for a presentation of interim project findings, and allow for 

interaction between DECC and the stakeholders directly. This stakeholder and expert workshop was 

held on 6 November 2013. The preliminary findings of this project were divided in three topic 

presentations in line with Sections 3, 4 and 5: 

1. The investment decision-making process 

2. The role of carbon price uncertainty in investment decisions 

3. Exploring some different cap-setting options and their impact on carbon price uncertainty 

 

Preliminary findings from literature were compared to the interview case studies. In the third 

presentation the modelled impact of some cap-setting options was presented as well. After each topic 

presentation participants were provided the opportunity to provide feedback.  

 

The variety among the workshop participants allowed a discussion that illustrated the differences in 

perspectives between sectors, but also within a sector. These discussions provided a good addition to 

the input from the stakeholders and experts in the bilateral phone interviews. 

 
2.3 Modelling 

In order to understand whether or not flexible cap-setting can have an impact on carbon price 

uncertainty, a model is used. This model can test the theory that some of the more flexible approach 

to setting the cap has the potential to provide more certainty to investors about carbon prices. If this 

is the case, then the additional price stability would be one reason to consider a shift to such flexible 

cap –setting options. The Oxford Energy Associates (OEA) carbon price model was chosen because it 

is stochastic, i.e. it uses inputs that are already not certain, such as fuel prices, and uses the 

probability distribution of these inputs to calculate a range of potential carbon prices. This approach 

allows the modeller to estimate the range or uncertainty of carbon prices under different 

circumstances. 

 

The purpose of the study was not to do a full extensive modelling exercise of all possible variants in 

cap-setting approaches, but only to show the modelling for scenarios that are characteristically 

distinct and show significantly different impacts on carbon price uncertainty. More details of the 

modelling approach, and how it was used for this study, are given below. 
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2.3.1 OEA stochastic carbon price model 

The Oxford Energy Associates (OEA) stochastic carbon price model incorporates the major drivers of 

carbon price to produce a range of possible carbon prices in the future years. To account for the 

uncertainty of the major drivers, each driver varies randomly within a range according to a certain 

probability which changes over time i.e. stochastically. The stochastic nature of these drivers results 

in a range of carbon prices, each with an associated probability of occurring. This data can be shown 

as a probability distribution showing the probability of each price occurring in a given year. This 

probability distribution represents the carbon uncertainty. The wider the range of possible carbon 

prices, and thus the probability distribution, the higher the carbon price uncertainty is. In the model 

the carbon price distributions are calculated in each 5-year period for a modelling horizon of 30 

years, corresponding to the year 2040. By testing the width of these probability distributions under 

different types of flexible cap-setting options, the carbon price uncertainty for each option can be 

determined and compared. 

 

More detail about the input assumptions is available in Annex III: Detailed Modelling specifications. 

 
2.3.2 Key assumptions and drivers 

The OEA stochastic carbon price model determines the carbon price uncertainty based on several key 

assumptions. In the model the carbon price is driven by three main parameters: 

• Baseline emissions: the emissions under a business-as-usual (BAU) scenario if there was 

no EU ETS and the emissions covered by the EU ETS were not capped 

• Costs of abatement options: the costs of reducing GHG emissions for a certain abatement 

measure 

• The scale, stringency and structure of the cap: the stringency of the cap represented by 

the trajectory of the cap and any associated measures to adjust the cap level  

 

The model calculates the baseline emissions and cost of abatement options based on input variables 

that vary randomly within a given range. Each input variable can assume a value within this range 

according to a certain probability, and therefore these variables are referred to as stochastic 

variables. These stochastic variables represent the uncertainty in the key drivers for carbon price 

uncertainty. The stochastic variables are independent of the chosen cap-setting option and of each 

other, with the exception of a correlation between fuel prices and electricity prices. An overview of 

the stochastic variables is provided in Table 1.  
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Table 1 Overview of scenario-independent stochastic variables and practical representation 

Stochastic 

variables 
Relevant for Implementation in the model Practical representation 

Low carbon 
generation 
capacities 

Baseline 
emissions 

The share of nuclear, solar, biomass and 
onshore and offshore wind (low carbon 
generation capacities) in the electricity 
generation mix varies between the share of 
each low carbon generation capacity in the 
electricity generation mix as determined in 
EU Energy Roadmap 2050 reference 
scenario and the current policy scenario 
(European Commission, 2011) 

Uncertainty in low carbon 
generation policy under a BAU 
scenario, reflected in the built 
generation capacity 

Electricity 
demand 

Baseline 
emissions 

Stochastic demand shock in electricity 
demand occurring once with a probability of 
10% in any of the projected years 

Uncertainty in electricity 
demand representing an 
economic shock, resulting in 
an increase or decrease of 
baseline emissions. 

Technology 
costs 

Abatement 
options 

Stochastic variations between the minimum 
and maximum electricity generation 
technology costs based on the DECC 
electricity generation cost report 2013 
(DECC, 2013a) 

Uncertainty on the learning 
rates and future costs of 
electricity generation 
technologies. 

Fuel price  
(coal and gas) 

Abatement 
options 

Stochastic variation between EU Energy 
Roadmap 2050 reference scenario and 
decarbonisation scenario coal and gas prices 

Uncertainty on the future fuel 
prices as this will depend on 
the world under a BAU 
scenario and decarbonisation 
scenario. 

 

Different cap-setting options are tested in the model through the use of different modelling scenarios, 

described in Section 5.3. These scenarios have been selected based on options presented in 

literature, discussions with stakeholders and experts, and consultation with DECC to show the most 

relevant results in the context of this study. The scenarios do not incorporate any behaviour effects 

on the carbon price uncertainty due to expectations that market participants may have about certain 

flexible cap-setting options i.e. speculation on the carbon price. The cap-setting options selected for 

this study do not reflect the scope of options being considered by DECC, nor the preference of DECC 

or the direction of the policy-making and discussion in any way. 

 

The following sections of this report provide the consolidated results of these three methodological 

approaches.  
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3 The variety of investment decision-making 

processes  

This section describes the way in which investment decisions are made in EU ETS participating 

organisations and other relevant parties e.g. external investors. A full understanding of which 

investment decisions are relevant, and how these decisions are made is an important backdrop to 

understanding how carbon prices are incorporated into decision-making and how uncertainty about 

these carbon prices may therefore affect these decisions (as discussed in chapter 4). In Chapter 5, 

this understanding is linked to an understanding of how cap-setting approaches could influence 

carbon price uncertainty – and therefore how decisions about investments may ultimately change 

under different cap-setting regimes.  

 
3.1 Summary: Investment decisions involve many more factors than 

carbon price alone 

In the decision-making process project appraisals are central. Risks and uncertainties, including 

carbon price uncertainty, need to be incorporated into such appraisals. NPV assessments are widely 

used, but uncertain factors are treated differently by different firms in different circumstances. In 

many cases uncertainty adds a risk premium that raises the returns a project must make before it 

will be considered for investment.  

 

The decision-making process varies greatly between projects and firms depending on: the size of the 

investment relative to the size of the firm; the objective of the investment- strategic or operational; 

the hurdle rate of the investment; the types of risks involved; and the time horizon of the 

investment. The structure of a company is also important in terms of which decision-making 

processes are used including the autonomy of business units, the geographical location of a firm and 

its HQ and the availability of capital within the parent organisation.  

 

A range of commercial factors affect the investment decisions made in a firm, in particular carbon 

prices and energy prices. Carbon price and its uncertainty are therefore one of many factors that 

need to be considered. In many companies carbon price is currently seen primarily as carbon costs, 

and in the current situation where carbon prices are low, they are too insignificant to consider on 

their own and are often incorporated into the general bracket of energy costs. 

  

The industrial sectors overwhelmingly consider carbon costs as distinct from carbon prices. This is 

because the high quantity of free allowances available to firms, relative to their current need largely 

shields them from direct exposure to carbon prices, whereas they may be more strongly affected by 

policy decisions that impact on the quantity of free allowances allocated to them. They also consider 

indirect effects such as pass-through of carbon and other climate policies such as feed-in tariffs onto 

electricity prices as part of this cost exposure. This perspective may change in the future, but it 
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currently means that there is only limited exposure to carbon price uncertainty. At present, energy 

costs remain the primary driver of emissions abatement investments, which mostly come in the form 

of energy efficiency improvements. It is therefore not surprising that energy costs and uncertainty in 

future fuel prices are crucial in strategic investment decisions, and that carbon price and its 

uncertainty are only seen as a subset of these uncertainties. The currently low carbon price sets an 

important context for industrial participants. There is a tendency for them to view policy actions 

aimed at tackling carbon price uncertainty as likely to lead to an increase in expected carbon price. 

They therefore tend to be generally more resistant to such interventions. Furthermore, any policy 

intervention now may be seen as an indication to some that more policy intervention could follow – 

increasing policy uncertainty.  

 

In contrast to the industrial sectors, the power sector sees energy costs as a driver for investment. 

This attitude is also reflected in the power sector’s perspective on carbon prices, which are also seen 

as a potential driver for investment. However, currently carbon prices are too low to have any 

influence. Overarching policy and regulation in different parts of the world are seen as the main 

drivers of investment in the power sector. 

 

For the majority of stakeholders, a wide range of policies are seen to impact carbon costs, far beyond 

the EU ETS alone. Even though some of these policies and regulations have different objectives than 

carbon pricing policies, they are seen as a much stronger driver for low carbon investments than the 

carbon price.  

  

 
3.2 Investment decision-making 

The literature reviewed in the scope of this study reveals some context showing that carbon price and 

risk are handled differently by different types of firm depending on many factors such as their size, 

structure and commercial environment in which they operate. This section aims to provide a brief 

overview of some of these key issues, in order to illustrate why one-size-fits-all assumptions and 

conclusions about the impact of carbon price uncertainty may be misleading. It is also worth 

reiterating at this stage that carbon pricing is only one of many different cost streams that feed into a 

company’s decision.  

 

The process of investment decision-making is different for each firm and depends on the nature of 

the investment. Decisions about large strategic investments may originate at the top of the 

management chain, whilst decisions about smaller operational investments may originate at “ground-

level” in the business units. Potential projects will typically go through some variant of the following 

process, with a number of iterations, depending on the size and complexity of the investment 

proposition:6 

 

                                              
6 Based on the discussions with a selection of stakeholders and experts 
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1. Local managers may have sufficient devolved budget to decide on operational investments. 

Beyond this threshold, business units direct funding requests to the relevant department at 

the appropriate level, either directly in the form of a simple wish list or as a detailed proposal. 

2. The applications for investments are evaluated on a number of criteria, of which the most 

relevant are return on the investment (e.g. expressed in internal rate of return or net present 

value) and strategic value of the investment. Proposals include a detailed description and 

evaluation of the investment, and the associated risks and costs of the investments. For 

promising investments, additional data is requested from the business units as the 

investment case is worked up in more detail.  

3. Various departments need to evaluate the investment and sign off on the proposal before an 

investment can be made. Each department evaluates the investment on different criteria, and 

all the investment proposals are compared.  

4. Investment committees at different levels in the management chain (up to board level for 

large projects), prioritise investment options across all departments below that level. 

Investment proposals have to compete with each other for funding based on their return on 

investment and strategic value. 

 

How this process plays out in particular firms depends on a large number of factors which we 

categorise for the purposes of this discussion as relating to i) the type of investment, ii) the 

characteristics of the firm, and iii) features of the commercial environment in which they operate. The 

key messages that emerged from the literature and from stakeholders in relation to investment 

decision-making is summarised in the table, and then elaborated in the following sections. These 

findings should be considered, when reading this report, in the light of the implications these factors 

could have on making decisions in the context of carbon price uncertainty.  
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Table 2 Overview of factors affecting investment decision process in firms 

Section / Issue Literature  
Discussion with stakeholders and 

experts 

3.3 

Type of 

investment 

• Projects assessed and prioritised in 

terms of discounted cash flow 

(positive NPV or exceeding IRR 

threshold)7.  

• Risk included via choice of discount 

rate, or other type of risk premium.  

• Assess all projects against the same 

set of risk assumptions. The way 

that risks look in a total portfolio of 

investments may be important for 

diversified companies. 

• Downside risk i.e. the risks that 

would make the investment less 

attractive, is assessed in terms of 

potential for investment to create 

financial distress, detrimental 

impacts on balance sheet & credits 

ratings. 

• Scale of investment relative to 

company size has greatest influence 

on investment process. 

• Operational investments often 

considered differently, with shorter 

paybacks required than for strategic 

investments. 

• Some companies vary assumptions 

(e.g. fuel prices) for different types 

of investment to be conservative 

about potential rates of return 

3.4 

Characteristics 

of the firm 

• Large firms may be more able to 

take on risk due to ability to 

diversify investments, and also 

more able to finance investment on 

balance sheet. 

• Financial constraints will drive 

general willingness to invest. 

• Firm size and structure an 

important factor in how decisions 

are made. 

• Geographical scope of firm and HQ 

location (e.g. outside UK, outside 

EU) affects how projects are seen 

strategically. 

• Smaller (and locally-based) 

companies have a shorter line of 

communication to the decision-

maker 

                                              
7 NPV and IRR are both types of discounted cash flow calculation. The net present value (NPV) is the difference between total current/future 
costs and total current/future earnings of an investment discounted back to the present. A positive NPV means the investment will be 

profitable, measured at some assumed discount rate.  
The internal rate of return (IRR) is another measure for the profitability of investments. It measures the maximum rate of return (or interest 

rate) that could be paid to providers of capital, and still be able to breakeven from the expected cash-flows of the project. The higher the 
IRR, the greater the levels of return on capital are. Usually, higher risk projects will require a higher IRR to get financing. 
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Section / Issue Literature  
Discussion with stakeholders and 

experts 

3.5 

Commercial and 

Regulatory 

environment 

• Ability to pass through costs to 

customers is key in determining 

risk. Tends to be driven by global 

vs. regional markets. 

• Commodities price variation affects 

cost base, but business risk 

depends how much competitors are 

also affected. 

• Risk also depends on intensity of 

competition within a given market. 

• Risk analysis is central to early 

analytical stages of decision-

making, including specific costs 

(e.g. energy) through to project 

underperformance and political risk. 

• Communicating uncertainty to final 

decision-makers not always easy, 

sometimes uncertainties may be 

played down at this stage. 

• After final investment decision is 

made, projects usually proceed 

even if conditions change. 

 

 
3.3 Types of investments 

Discussions with a range of stakeholders revealed a number of factors that affect the decision-making 

process related to investments. These factors can either be internal factors specific to the firm or 

external factors related to the particular decision under discussion. The factors that were mentioned 

by more than one party and subsequently endorsed by all at the workshop are listed below. 

• Size of the investment 

• Objective of the investment (operational vs. strategic) 

• Hurdle rate8  

• Investment risks  

• Investment time horizon 

 

The size of the investment was confirmed by stakeholders to have the most influence on the 

decision-making process. In many firms the size of the investment will determine at what authority 

level the investment decision will be made, although the absolute size that determines what is 

considered large varies greatly by firm size and structure.  

 

The objective of the investment is also important. Investments can be categorised as operational or 

strategic investments. According to industry stakeholders, these two types of investment exhibit 

differences in terms of the decision-making leading to the investment.  

 

                                              
8 A quantitative metric used to assess whether to make the investment. The hurdle rate is the minimum accepted rate of return of an 
investment. 
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Operational investments include investments affecting the daily running of a business. Such 

investments may have various aims: 

• improving productivity 

• cutting costs 

• increasing energy efficiency investments 

• reducing greenhouse gas emissions 

  

Discussions with stakeholders highlighted that some operational investments involve essential 

changes that allow a company to stay-in-business (for example, maintenance or environmental, 

health and safety compliance, amongst others). Such decisions are likely to be fast-tracked, with 

cost-effectiveness potentially taking more of a back seat in the decision. Some operational 

investments decisions can be taken on a site-level, which is dependent on the size of the investment 

and the structure of the company.  

 

Strategic investments are made in order to achieve a long-term strategic goal such as innovation 

and market expansion. Such investments include capacity expansions through new facilities, 

purchases or extensions, or investment in the application of new technology. End-of-life decisions at 

a facility can also be considered strategic investments including closure, upgrades and extension of 

operational lifetime. Strategic investment decisions often need board-level approval and have a 

significant impact on the long-term strategy of the firm. 

 

In practice, some decisions may fall into both categories, but still the division between strategic and 

operational investments can help in understanding decision-making processes in businesses. For 

example for the interviewed party from the financial sector all investments are large strategic 

investments, but for a firm in e.g. the paper sector an investment in a new furnace is made to 

improve productivity as an operational investment, but at the same time a strategic investment as 

well as the choice has been made to put a production facility in a certain region and not in another. 

 

Investments need to pass a hurdle rate, assessed by looking at the costs and return on 

investments. These calculations are done in different ways depending on the objective of the 

investment, in order to take as conservative an approach as possible. One firm gave the example of 

using low estimates of the prices of energy and carbon prices to assess savings for cost-benefit 

analysis for an investment in energy saving measures, while using the high end of such prices when 

assessing the expected costs related to an investment extending production capacity. If the 

investment is even able to pass the hurdle rate under the conservative scenario, the investment is 

much more likely to be profitable, reducing risk.  

 

The bilateral discussions with stakeholders revealed that firms obtain the data for uncertain factors in 

different ways. Some firms have in-house models for e.g. energy and carbon prices, whereas other 

firms buy projection data or use prices on the future market as approximations. One interviewed 

party also responded that in some firms only a single price for each uncertain factor has to be 

assumed in all investment proposals to allow an equal comparison on the return of investment.  
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Risk analyses are central to decision-making, and can cover a wide range of uncertainties, from 

specific costs e.g. energy, the potential scale of problems in the case of failure, and changes to the 

political environment. Businesses indicated that risks are thoroughly analysed and in some cases 

various scenarios are evaluated to allow the appropriate mitigation measures to be implemented. 

These analyses take a long time and could take up to a year or more to calculate, during which the 

situation may have changed which is a risk by itself.  

 

Project appraisal is concerned with the assessment of the value of investing capital today in return for 

an income stream in the future. There are several different ways of representing the financial 

prospects for a proposed project, including simple paybacks, internal rates of return and return on 

capital employed; each of which has its own merits and drawbacks, and each of which is used in 

different ways by companies in decision making (IEA, 2007).  

 

A generally accepted way of understanding investments and funding decisions is the discounted cash 

flow methodology (IEA, 2007; Kerste et al, 2011). The project appraisal includes a calculation of the 

present value of the future income stream, and subtracts the capital expenditure required to give the 

net present value (NPV). Different project finances will be uncertain posing risk for decision makers. 

The cash inflow may for instance depend on fuel prices. In principle, each uncertain element in the 

cash inflow should be replaced with a certainty-equivalent amount. This certainty equivalent takes 

into account uncertainty by using risk-adjusted discount rates (or the opportunity cost of capital). 

This leads to a risk premium (see e.g. Brealey, Myers and Allen 2006).  

 

Discount rates (or risk premiums) could be differentiated per element of the cash flow and per period 

in time. However, since risks are difficult to determine, it is common to use a simplified approach and 

use a single discount rate for the project as a whole. Usually, this discount rate is equal to the 

company’s average cost of capital, although it may also be diversified depending on the risk of a 

specific project. The assumption of a single constant discount rate for the whole project implicitly 

assumes that the risk per period of the project is constant. This assumption may break down if the 

uncertainty is likely to be more ”lumpy”, with large amounts of information being revealed at certain 

points in the project (e.g. details about future carbon policy).  

 

Real options approaches provide a way to overcome this by treating uncertain events and flexible 

management responses explicitly. The basic concept behind this is approach is that the option to 

make a decision later, when more information is available, has a value which can cause delay to 

current decisions unless the returns to investing immediately outweigh this option value of waiting 

(Dixit and Pindyck, 1994). Other analytical approaches include system dynamics in which each source 

of risk is assessed and modelled, explicitly allowing for feedback between different parts of the 

system (see e.g. Sterman, 2000).  

 

Despite uncertainties and risk management being central to most decision-making processes, for 

decisions to be made, there must be a degree of certainty expressed. One interviewed stakeholder 

indicated that when an investment proposal is presented to the decision makers, uncertain factors in 

investment decisions will be presented as very certain with low risk. Due to the heavy competition 
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among investments for capital, any investment proposal that is presented as uncertain would not 

sound convincing to decision makers. When an investment decision is taken, none of the interviewed 

stakeholders explicitly stated that this decision would be revisited when circumstances change. 

 

The time horizon over which projects are considered is an important factor in the decision-making 

process, since it is the return over a plant’s lifetime that determines its present value, so future 

market conditions matter as much if not more than current conditions. For a typical NPV analysis, the 

time horizon that firms should consider when making this assessment, will depend factors on the 

expected lifetime of the plant, and the length of time taken to plan and build the plant. 

 

In practice, stakeholder interviews revealed that a firm’s planning horizon is closely related to the 

payback time of projects, since this is the timeframe within which the investment is earned back. 

Different sectors tend to use different rules-of-thumb about acceptable payback periods. 

 

In general the acceptable payback time for operational investments is much shorter than strategic 

investments. For investments in energy saving measures, Martin et al. (2011) found, based on a 

survey of 800 manufacturing firms in six European countries taken from August to October 2009, 

that firms require on average a payback time of four years. Firms in the UK reported the lowest 

average payback times, with a mean of 3.5 years. This corresponds largely with responses from the 

interviewed stakeholders and experts in this study, which reported that energy efficiency investments 

usually require a payback time of 2 to 3 years. For other operational investments such as 

investments for compliance with environmental regulation, no payback time is assumed as the 

investment is required to stay in operation.  

 

For strategic investments the time horizon is much longer and a longer payback time is accepted. 

This is different for each sector or technology. The interviewed investor from the power sector 

indicated that for onshore wind a payback period of 2 to 5 years is accepted, while for offshore wind 

this is somewhat longer with 5 years and for investments in utilities payback even longer payback 

times are accepted. These differences are also seen in the industrial sector. Parties from the paper 

industry usually accept a payback time of 7 to 8 years for new production facilities, whereas 

representatives of the mineral products sector commented that some new plants have a payback 

time of 20 to 30 years with an investment time horizon of 40 years for the plant to be operational.  

 

Long payback times are partly related the necessary time in planning and building the plant, which 

can take up to 7 or 8 years for a cement plant and 10 years for a nuclear power station. For the latter 

the payback time will only be one of the many factors in the investment decisions; political factors 

such as credible long-term agreements and supporting policies will also play a major factor. For 

investments that involve upfront costs at the start of the planning process, the accepted payback 

time should include the planning and building stage as well as the operational phase instead of simply 

considering the payback time from the time the plants in operational. Other factors that allow for a 

longer payback time is the strategic value of the investment, and sometimes, if the strategic value is 

overwhelming, the payback time is not even a criterion. This includes investments in innovation, 

entering new markets or strengthening the competitive position.  
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3.4 Characteristics of the Firm 

The previous section highlights how decisions are made differently depending on the type of 

investment. It is also true that decision-making processes vary depending on the characteristics of a 

firm – another important element to understand when considering how carbon price uncertainty is 

dealt with in businesses. The characteristics of firms covered below are the availability of capital, firm 

size, the level of autonomy of business units, geographical location ownership structure.  

 

Capital budgeting is one of the principal tasks of any firm (Brealey, Myers and Allen, 2006). Since 

capital is limited, this requires prioritisation of investment opportunities. This centrality of financial 

constraints of the firm in making investments was strongly confirmed by firms that participated in the 

interviews and workshop discussions. On the one hand, capital must be available, either from the 

company itself or from other sources. Any outstanding debts may also influence the availability of 

capital. In addition, any investment decision will need to be balanced against the opportunity costs of 

using this capital for another purpose, including other investments. Use of existing capital may 

impact cash flow and could affect the firm’s resilience to changing market conditions.  

 

Firm size can be an important factor in determining how risks are managed. Whilst in theory each 

project should be judged on its own merits, large firms may be able to make use of their size to 

invest across many different projects, and smooth out their exposure to individual project risks, 

making use of the portfolio effect as originally proposed by Markowitz (1959). For a recent review of 

the application of portfolio theory and other analytical methods to the power sector, see Awerbuch, 

Bazilian & Roques (2008). In principle, such diversification can be carried “externally” to the firm by 

financial investors, but in practice, firm size also confirmed as a significant factor by stakeholders 

involved in this project. As well as altering the approach to risk, the size of firms was seen by 

stakeholders as altering the decision process itself. Large firms have longer lines of communication 

between those working up the investment case, and the final decision-makers, sometimes with 

foreign ownership.  

 

In addition, the following factors were identified by stakeholders and experts as being important in 

the decision-making process: 

• The level of autonomy of business units/plants 

• Geographical scope of the firm and HQ location 

• Ownership structure  

 

Investment decisions will be influenced by the level of autonomy of different business units. Some 

firms included in this study reserve an amount of capital at plant level for investments, whereas in 

other firms almost all capital expenditure needs to be signed off at a board level. This difference may 

depend on the size of the firms, but can just reflect the way the firm is structured. 
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The ownership structure and location of the headquarters may then be decisive factors in where to 

invest. EDF, for example, is 80% state-owned by the French government. In a capital-constrained 

situation, there may be a preference for investments in France.  

 

Firms with international operations may be more able and willing to invest in many areas of the 

world. Investment decisions in a particular country will be viewed in relation to the strategic value 

and returns they could achieve by investing in other countries.  

 

Although in theory each project should be assessed on its own merits (Brealey et. al. 2006), in 

practice location of firm HQ can have important impacts on decision-making processes due to 

differences in cultural, administrative, geographic, and economic factors within multinational firms 

(Beddi 2010). Geographical scope of firms was also seen by respondents as being an important 

factor. Firms with international operations are seen as more able and willing to invest in many areas 

of the world. Investment opportunities in the UK will be directly compared to the strategic value and 

returns that could be achieved by investing in other countries. This can be explained on the basis that 

companies already operating in multiple countries will experience less of a barrier to expanding those 

operations than the barriers to entry of firms looking to expand abroad for the first time. The 

investment horizons of firms are therefore often influenced by their previous experience in particular 

markets.  

 

In each of the cement, paper and steel sector there is only one UK-owned company left. The board of 

a UK-owned company may look at different criteria than an internationally overseas board and may 

have a better understanding of the investment climate in the UK. For UK operations, lines of 

communication are shorter where owners are also in the UK, for example the UK-owned steel 

company indicated that the main decision power is held by one person, so only one person needs to 

be convinced in the decision-making process.  

 

 
3.5 The role of the commercial and regulatory environment 

There are many commercial drivers that have an impact on investment decisions such as sources for 

funding and finance, availability of resources, and public and market demands (IEA, 2011; Grant, 

2010). The way in which these drivers impact companies will be determined, to a large extent, by the 

structure of the market in which a firm operates and the way in which it locates itself within this 

market. For a thorough review of the way different firms create competitive advantage in different 

market structures, see for example Porter (2004). 

 

For many of the industrial stakeholders interviewed the market demands and the investment cycle to 

replace old equipment are key. Representatives of the steel sector mentioned that most major 

investments made in Europe relate to the replacement of old equipment. The current downturn sets a 

particular context for these discussions, with many firms facing overcapacity of production facilities 

and hence low margins and low incentives to invest in new plant. Therefore, many firms do not have 
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major new capacity expansion projects at the forefront of their minds, but are currently more 

focussed on cost-control measures.  

 

Commodities and energy prices form the largest cost factor in the industry sectors interviewed for 

this project. The impact of commodity prices on investment decisions depends crucially on the extent 

to which firms can pass through cost changes to their customers. This in turn depends on the sector, 

and the market structure such as whether companies are operating in regional or global markets. For 

example representatives from steel sector stated that the commodity prices are set internationally, 

so all producers are subject to similar commodity prices and any uncertainty in commodity prices are 

much less of a factor in investment decisions than for other industrial players.  

 

In sectors where some of the commodity prices are not set internationally and the choice of 

commodity supplier is more restricted, the commodity prices and the associated uncertainty will play 

a much larger role. For example in some subsectors in chemical sector, producers further up the 

value chain are able to pass on some of the costs which may include carbon prices. Uncertainty in 

carbon prices would be passed on and result in additional uncertainty in commodity prices. This will 

affect the competitive position of the firm if it is in turn not able to pass on the costs. This occurs 

when the market in which the firm is operating is of a different coverage or has other restrictions 

than the supplier. Commodity prices will then be a determining factor in both operational investment 

decisions in the form of resource efficiency improvements and strategic investment decisions 

affecting the entire value chain (CEFIC, 2013). 

 

In terms of factors that influence abatement decisions more specifically, firms identified the 

following: 

• Carbon costs 

• Energy costs  

• Regulatory and other drivers 

In this report, our main focus is the impact of carbon price uncertainty as distinct from the absolute 

level of carbon prices. In principle, the business risks and policy choices raised by these two issues 

are fairly distinct. In practice, it was often difficult in discussions with stakeholders to fully separate 

the two concepts. Many firms identified carbon costs as a significant issue that they needed to 

manage carefully, but the concerns often related to absolute price levels, and in particular the impact 

of differential costs relative to their competitors. There was also considerable discussion about the 

extent to which free allocation of allowances affected the impact of carbon price risk, a major concern 

for carbon-intensive industry.  

 

Both of these topics are outside the scope of this report. Nevertheless, because they strongly 

influence perceptions of risk and have the ability to impact investment decisions, we aim to close off 

discussion in this section, leaving the remainder of the report to deal with issues of carbon price 

uncertainty. 
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3.5.1 Carbon costs 

Companies in the industrial sector often think in terms of carbon cost rather than carbon price since 

many of these firms receive free allocation of allowances. Firms may also participate in the carbon 

market or auctioning which is subject to market prices. As a result of free allowances firms are not 

fully exposed to the carbon price, so the actual carbon cost experienced by the firm may be different 

from the carbon price.. For firms that do not receive free allowances the carbon cost is equal to the 

carbon price.  It is important to understand this carbon-cost focused perspective, when trying to 

understand how policy changes could impact decision-making.  

 

The degree to which carbon costs drive investment decisions depends on various factors that may be 

specific to the firm, sector, country or region. Key factors include: 

 

• The amount of allocation of free allowances to offset the carbon costs faced by the firms 

• The share of carbon costs in the total production costs  

• The possibilities to reduce emissions without significant increase in costs i.e. opportunities for 

cost-effective abatement  

• The exposure to indirect costs increases from suppliers of both energy and input material, 

which depend on their cost pass-through ability 

• The ability to substitute out the inputs that increase in price with other cheaper inputs 

• Homogeneity of the products and the ability to distinguish the company/sector’s product 

• The openness of the market to competitors who may not be affected by the price changes 

faced by the incumbent parties  

• Ability to pass through any changes to market prices 

• The impact and influence of different policies at a national, regional and international level 

and their interaction with the carbon price 

 

From the discussion with stakeholders, it also seems that the way in which costs present themselves 

can have a differential impact on how there are perceived and, even on how they are incorporated 

into decision-making. For example, one industry representative indicated that more explicit pricing 

instruments are more likely to stimulate behaviour change, whilst an academic commented that 

actual costs may have more impact on behaviours than opportunity costs.  

 

In general, a higher carbon price and a higher exposure to it are detrimental for the competitive 

positions of firms in the EU ETS relative to those competitors not covered by a carbon price, all other 

costs being equal. This could lead to firms losing market share or shifting their production and 

investment from Europe to regions without a carbon price, resulting in carbon leakage. This will of 

course vary depending on the competitive position of the sector and other factors mentioned above. 

Furthermore, impact of carbon price risk will not be the same for all products and activities of a firm. 

For firms that deliver carbon abating products, a higher carbon price may be beneficial as it may lead 

to increased demand for its products such as in the mineral wool sector. 
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The impact of the level of carbon price on firms’ competitiveness, the exposure to it and free 

allocation has been extensively investigated in the literature relating to carbon leakage (see e.g. Vivid 

Economics and Ecofys, 2013; Öko-Institut and Ecofys, 2013; Varma et al., 2012). These are issues 

largely outside the scope of this report, but some context is required since they are important factors 

influencing companies’ approaches to carbon. 

 

To counter carbon leakage, firms in the EU ETS receive free allocation of emission allowances to 

reduce their exposure to the carbon price, effectively lowering their carbon costs, and reducing 

exposure to carbon price uncertainty. If only carbon costs related to direct emissions are considered, 

a firm which has 100% of its emissions covered by free allowances has no exposure to carbon price 

risk. The firm may still be exposed through indirect carbon costs passed on by firms further up the 

supply chain. Even if the emissions of all firms in the supply chain are covered by free allowances, 

firms may still decide to pass on carbon costs that they would have incurred without free allowances 

as opportunity costs. Through econometric analyses it was shown that opportunity costs were passed 

on by the power sector (Sijm et al., 2006) and some industrial sectors (De Bruyn et at., 2010). On 

the other hand, it is exposed to policy risk regarding future allocation of free allowances. This was 

confirmed in the stakeholder interviews and workshop, where participants that currently receive free 

allowances identified the level of free allocation as a high priority. Free allocation has therefore been 

a focus of lobbying activity for industrial stakeholders.  

 

In the first two phases of the EU ETS most installations received sufficient free allowances to cover 

their emissions, which means the carbon cost signal to invest in low carbon technology was less 

strong. Martin et al. (2011) showed through statistical analysis that EU ETS firms that are below the 

thresholds established for free allowances are more involved in climate change related product 

innovation. One interviewed party from the paper industry in this study also indicated that generally 

there was no need to invest in GHG abatement measures as the amount of free allowances were 

sufficient to cover the emissions.  

 

In Phase 3 of the EU ETS free allocation is only handed out to non-power sector firms and will be 

according to the level of historical production and a default performance benchmark based on the 

10% most efficient European installations. The final free allocation also depends on whether the 

sector is deemed exposed to the risks of carbon leakage criteria and is affected by the industry cross-

sectoral correction factor (CSCF). Since the final allocation is not correlated to the current emissions 

of the installation — unless there is a significant change in production capacity — and is subject to 

whether the carbon leakage status of the firm and the industry-wide cross-sectoral correction factor 

will change, it is uncertain what share of emissions will be covered by free allowances. The rest of the 

allowances would have to be obtained from the market, and with the uncertainty in the market price 

of carbon and the amount that need to be obtained (due to uncertainty in future emissions), the 

actual carbon costs is subject to various layers of uncertainty.  

 

Many of the interviewed industrial sector representatives and firms expect to have insufficient free 

allowances to cover their emissions, and some interviewed firms indicated that the lack of free 

allowances may push some energy efficiency investments over the hurdle rate. However, all 
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industrial sectors indicated that potential high carbon costs could lead to carbon leakage and would 

like to see free allowances distributed in line with the production (ex-post allocation).  

 
3.5.2 Energy costs 

This section explores the relationship between energy costs and carbon costs in decision-making, and 

their relative importance, highlighting differences between sectors. An understanding of how 

businesses perceive and relate energy and carbon costs can help policy-makers understand the 

impact that alterations to carbon pricing policies can have on investment decisions.  

 

According to Ernst & Young (2012) energy costs are still the primary driver for abatement efforts. 

This corresponds with the responses from the stakeholders; all abatement investments have been 

driven by savings on energy costs. This does not only include investments in energy efficiency, but 

also investments that could increase energy consumptions such as the example of fuel switching from 

coal to biomass given by the mineral products sector. Investments in retrofitting equipment for fuel 

switching would only be taken if the total energy costs of biomass were lower than coal, carbon costs 

viewed as a subset of total energy costs. Representatives of the mineral products sector indicated 

that prices of biomass increased significantly in the UK in the recent years due to the renewable 

obligation (RO) that power generators have access to. The RO allows the power sector to pay higher 

prices for biomass, consequently undermining the economic viability of fuel switching to biomass in 

the cement sector which does not benefit from similar incentives.  

 

Energy costs and uncertainty in future fuel prices are also crucial in strategic investment decisions. 

Whereas current fuel prices determine the day-to-day operation decisions in the power sector, 

uncertainty in future fuel prices will determine what to invest in. Fuel prices are one of the important 

factors in the cost-benefit analysis for investment decisions that determine the future power 

generation portfolio and how firms will diversify their assets (Blyth and Hamilton, 2006; Anderson, 

2007). This portfolio effect was also mentioned in the interview, and interviewed stakeholders 

investing in the power sector stated that the low carbon prices are not sufficient to stimulate any low 

carbon investments when compared to generation costs of fossil fuel plants.  

 

In the industrial sector energy costs are not only an important driver in what to invest in, but also 

where to invest. For energy-intensive industries energy costs, or more specifically relative energy 

costs, are one of the most important drivers for strategic investment decisions. Energy costs 

constitute a significant portion of their total production costs, e.g. the UK mineral products sector 

indicated that energy costs are approximately 40% of the gross value added in the cement industry. 

If energy costs were equal for all firms making the same product, the higher costs could be passed 

on to the consumer. However, some sectors compete on a global market or with firms in other 

regions that have lower relative energy costs, so full or partial cost pass-through is not always 

possible (Alexeeva-Talebi, 2010; Oberndorfer, 2010). Relative electricity and gas prices were in 

particular important drivers in investment decisions as the regional price differences for these energy 

sources were the greatest (DECC, 2013b), caused by differences in policies, resource availability and 

infrastructure, and carbon prices were seen as a part of these energy costs. Interviewed stakeholders 
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from the chemical industry stated that shale gas developments in the US significantly lowered 

electricity and gas prices compared to the EU. This has been a large driver for capacity expansion 

investments in the US and other parts of the world where energy costs are lower, and under a 

sustained energy cost differential this will remain a major investment decision factor (CEFIC, 2013).  

 

This information shows that some distinction can be made between how the power sector sees 

energy costs as a driver compared to the industrial sector. The main difference is that electricity is an 

energy cost for the industrial sector and a product for the power sector, and power producers are 

able to pass through the carbon price in the electricity price to a certain degree (Sijm et al., 2006; 

Gulli, 2008).  

 

Interviewed stakeholders in sectors with electricity consuming processes such as the arc furnace 

steelmaking, paper, mineral wool and chemical sector in particular saw the carbon price uncertainty 

as an integral part of the energy costs uncertainty. This was not only the uncertainty in the value of 

the carbon price, but also how much of the carbon price would be passed through in the electricity 

price. In addition, so far energy intensive industries have been largely shielded from the carbon 

prices as free allocation in the EU ETS has been broadly sufficient to cover emissions, making carbon 

pricing only a small element compared to energy costs. Based on literature some firms even obtained 

a cost benefit by passing through opportunity costs (De Bruyn et al., 2010). Additionally, some 

Member States such as the UK, Germany and the Netherlands have or plan to introduce a 

compensation scheme to limit the risk of carbon leakage due to indirect carbon costs, such as 

compensation for indirect EU ETS costs in electricity prices for electricity-intensive sectors (European 

Commission, 2012a)However, in Phase 3 of the EU ETS free allocation will decrease and carbon 

prices are going to become more important, causing carbon price uncertainty to separate from 

energy cost uncertainty.  

 
3.5.3 Regulatory and other drivers 

Country- and region-specific policies and regulations other than carbon pricing policies are the largest 

driver for investments in the power sector. Carbon prices are too low to support investment decisions 

and the interviewed party from the financial sector indicated that carbon prices are only a rounding 

error in investment decisions. From the interviews with investors in the power sector, investment 

decisions are mainly driven by national support schemes such as feed-in tariffs and specifically in the 

UK the Contracts of Differences (CfDs). The Emissions Performance Standard for power stations will 

also drive GHG abatement investments as it is an operational investment required to comply with 

environmental regulations (UK Energy Bill 2012-2013: Emissions Performance Standard).  

 

Regulations have also driven GHG abatement investments that did not involve energy cost savings in 

the industry sector. The representatives of the mineral products sector mentioned that regulations 

such as the Industrial Emissions Directive will drive operational investments, but could also increase 

energy consumption. This may have a negative impact on strategic investment decisions.  
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Long-term roadmaps can have a positive impact on strategic investment decisions, as described in 

section 3.3. The representative of the chemical sector indicated that the UK could become attractive 

for investments if the UK growth strategy for energy-intensive industries is implemented as it can set 

the future policy context to support investments in general. However, a lack of certainty and 

transparency in the actual implementation of long-term targets such as a long-term GHG reduction 

target could result in risks for investments. 

 

Even though some of these policies and regulations have different objectives than carbon pricing 

policies, they are seen as a much stronger driver for low carbon investments than the carbon price. 

However, these policies may not drive the most cost-efficient GHG abatement investments and 

therefore undermine the effectiveness of the carbon price even further. Additionally, a wide range of 

policies may be overlapping, resulting in complex cost structures that ultimately increase uncertainty 

and provide reduced incentive to invest.  
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4 Carbon price uncertainty and investment 

decisions 

This section takes the understanding provided in Chapter 3 about investment decisions one step 

further by looking in detail at the role that carbon prices and, in particular, the uncertainty of carbon 

prices is taken into account in this decision-making process. 

 
4.1 Summary 

The current low price sets an important context for this study. Two contrasting perspectives emerge 

regarding the impact of carbon price uncertainty on investment. On the one hand, the current low 

price makes carbon a low priority issue for many firms. Consequently, carbon price uncertainty is 

seen as a second-order effect, with low impact. This perspective tends to relate to short-term 

investment decisions, where current market conditions drive price expectations. On the other hand, 

uncertainty over prices in the long term are seen as substantial, with firms exposed to risks either 

from high or low prices depending on the business they are in or the type of investment they are 

considering. Over this longer time-scale, carbon price uncertainty (together with energy price 

uncertainty) is seen as a major and sometimes dominant issue.  

 

Carbon price uncertainty can be divided into market uncertainty, policy uncertainty and technology 

uncertainty. Currently, in a low carbon price, high policy risk paradigm, most parties perceive the 

policy risks and their impact on carbon prices as the most significant driver on the system. This policy 

uncertainty is not restricted to changes to the ETS alone, but also relates to other policies and 

measures such as renewables policy and fuel taxes. As a result, action through the EU ETS alone will 

only be able to tackle the carbon price uncertainty to a limited degree. 

 

Technology uncertainty is also considered of great relevance to the carbon price uncertainty, 

particularly in the longer term. Many industries will need game-changing technology, including CCS, 

to be operational and deployable to allow real step-changes in emissions reductions. When this 

becomes possible, significant changes in carbon prices may also be expected. If deemed appropriate, 

this technology risk can be incorporated into a flexible cap-setting mechanism using the relevant 

triggers and controls. 

 

During the investment process risk appraisals are included, that address uncertain factors. In many 

cases uncertainty adds a risk premium which increases the expected returns required on investment 

before it can proceed. Uncertainty about carbon price is likely to lead to delays in investments across 

all sectors and can stimulate sub-optimal investments to be made. These are the main reasons why 

policy options to improve carbon price uncertainty are considered. However, these potential benefits 

need to be balanced against the fact that the prospect of policy interventions can make carbon 
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pricing more complex. Also, arguably, it is not necessarily efficient for policy to shield investors from 

market and technology risk.  

 

The payback period expected from operational investments is approximately 3.5 years, dipping to as 

low as 2 to 3 years for energy efficiency investments in industry, but can go up as far as 30 years for 

very strategic investments in both the industry and power sector with investment time horizons up to 

40 years. The future point in time for assessing the carbon price relates directly to the payback 

period of the planned investment. As a result, with a range of different carbon-related projects, the 

requirement for certainty will mean different things for different investors, making it hard to design a 

one-size fits all policy that improves certainty for all. The types of policy options that relate to the EU 

ETS cap and could impact carbon price uncertainty are addressed in more detail in Section 5. 

 

A range of different hedging strategies are available to firms as a way to manage their carbon risk 

and the uncertainty of carbon. In general, it appears that in an uncertain carbon price environment 

there are some investments taken to reduce emissions, but lobbying is the predominate strategy 

chosen particularly regarding the level of free allocations.  

 

The sections that follow describe the evidence that supports these findings.  

 

 
4.2 How carbon price uncertainty affects investment decisions 

When discussing carbon price uncertainty it is important to grasp the role that carbon prices have 

played in investment decision-making so far, and how this relates to the role of carbon price 

uncertainty. 

 

To date, even though carbon pricing plays an increasing role in decision-making (CDP, 2013; 

PointCarbon, 2013) and was also confirmed in the various interviews with stakeholders, the direct 

impact of carbon pricing is still relatively small compared to other drivers. Martin et al. (2012) 

concludes that while the EU ETS may have led to abatement in the power sector, the evidence on the 

impact of the EU ETS on participating industrial firms’ GHG emissions is not conclusive. In addition, in 

almost all the discussions with stakeholders and experts including the power sector, carbon prices 

and the associated uncertainty on its own have not been an important driver for investments; carbon 

prices were lower than expected and uncertain, and therefore did not provide an investment 

stimulus. The exception was some mineral wool companies, who noted that the expectation of high 

carbon prices has stimulated investments. In that sector GHG abatement investments were made 

through energy efficiency improvements and investments in capacity extension were made in 

expectation of more demand for energy saving products partly driven by the carbon price. However, 

due to the lower than expected carbon price, the demand for energy saving products has also been 

lower leading to lower production than initially anticipated in the EU. 

 

Looking historically, the significance of the carbon price uncertainty in investment decisions is 

therefore difficult to separate from the currently low level of the carbon price.  
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Looking ahead however, the issues of uncertainty become more distinct, and were of considerable 

concern to the stakeholders interviewed. Carbon prices today are driven by the carbon prices of the 

future discounted back to the present. The EU ETS allows free banking9 of allowances at zero cost of 

carry10, so in theory the main determinant of carbon price is not the existing balance of supply and 

demand or specific events, but expectations about future supply and demand. In practice other 

factors such as uncertainty in political decisions, limited information about the future and speculation 

of traders could have a significant impact on the carbon price.  

 

 Key messages from the literature and from stakeholders is summarised in the table, and then 

elaborated in the following sections.  

 

Table 3 Summary of the key findings in literature and discussing with stakeholders and experts on carbon price 

uncertainty 

Section / Issue Literature  
Discussion with stakeholders and 

experts 

Different types of 

uncertainty 

(Section 4.3) 

Factors influencing carbon price 
uncertainty can be characterised as 
relating to i) market, ii) technology, 
and iii) policy (Blyth and Bunn, 
2011). 

These three factors of uncertainty were also 
identified in the stakeholder and expert 
discussions. The interviewed firms tend to find 
policy risks harder to manage than market 
risks. Perceptions of policy risk have driven out 
many speculative traders, making the market 
more compliance driven. 

The interviewed firms agreed that uncertainty 
about which technologies will be available to 
reduce emissions in the future adds to 
uncertainty.  

Carbon price 

uncertainty vs 

other uncertainty 

(Section 4.4) 

Carbon price uncertainty is still 
significant for low-carbon 
technology, but energy costs are 
still the primary drivers for 
abatement efforts (Ernst & Young, 
2012). 

This is supported by the interviewed firms. The 
overall view was that carbon price uncertainty 
has a large impact on low-carbon investments, 
but is not seen as credible price signal at the 
moment and energy cost uncertainty is more 
relevant. 

                                              
9 Banking of allowances means saving them for later use. Similarly, borrowing means using the carbon allowances from a future period.10 In 

the EU ETS there is no cost in carrying allowances over to the future as it can still be used to cover the same amount of emissions in the 
future as in the present.  
10 In the EU ETS there is no cost in carrying allowances over to the future as it can still be used to cover the same amount of emissions in 
the future as in the present.  
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Section / Issue Literature  
Discussion with stakeholders and 

experts 

Carbon price 

uncertainty vs 

volatility (Section 

4.4) 

Short term volatility of the carbon 
price does not matter for 
investments, only the long-term 
trend of the carbon price does 
(Blyth, 2013).  

Some interviewed stakeholders contradict 
literature as, in their view, volatility is an 
indicator of long-term carbon price uncertainty. 
In this context long-term constitutes a number 
of years similar to a project’s payback time, in 
contrast to the volatility which could take place 
within a day, over several days or months. 

Estimating the 

carbon price 

(Section 4.4) 

The carbon price of today reflects 
the expected carbon price in the 
future discounted back to the 
present based on known 
information about the carbon price 
uncertainty (Stern, 2007).  

The interviewed firms did not view today’s 
carbon price as the discounted future carbon 
price and assess carbon prices in relation to the 
payback period of the planned investment. The 
methods used to estimate carbon price range 
from using the current price due to a lack of 
information or looking at forward prices to 
using future carbon prices modelled by DECC, 
an in-house carbon price model or forecasts by 
external experts. 

Impact of carbon 

price uncertainty 

on investment 

decisions (Section 

4.5) 

Uncertainty leads to delay in 
investments as an additional price 
is put on uncertainty, increasing 
the hurdle rate that has to be 
overcome to make the investment 
(Kiriyama and Suzuki, 2004; 
Rothwell, 2006; Hepburn 2006; 
Herve, 2011; Kettunen et al. 2011; 
Ernst & Young, 2012; Norton Rose, 
2013). 

The general view in the discussions was that 
uncertainty does not only lead to a delay in 
investment, but may result in the investment 
not being made anymore as the amount of 
capital available for investments is finite. This 
depends on how the investment compares 
relative to other investment opportunities in 
terms of the company hurdle rates and 
strategic value, taking account of risk which 
counts. 

Hedging 

strategies against 

carbon price 

uncertainty 

(Section 4.6) 

There are many hedging strategies 
to deal with carbon price 
uncertainty, including investing in 
low carbon technologies to reduce 
emissions (Herve, 2011; Ernst & 
Young, 2012).  

Larger financially stronger 
incumbent players are more likely 
to make investments in new plants 
under the extra risks from carbon 
policy uncertainty (Kettunen et al., 
2011). 

The interviewed firms employ different hedging 
strategies that were found in literature such as 
normal trading instruments (futures, swaps) for 
the short and medium term, and lobbying for 
the long term. However, the strong perception 
was that no investments are made to hedge 
against carbon price uncertainty. 

Within larger firms there is a strong competition 
for capital for investment. The view was that 
extra risk from carbon price uncertainty will put 
those investment proposals at a disadvantage 
compared to other proposals and therefore less 
likely to be taken. 
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4.3 The drivers of carbon price uncertainty 

It is important for policy makers to understand the different elements that make up carbon price 

uncertainty. Decisions to influence carbon price uncertainty, for example by altering the cap-setting 

approach will need to be made with this understanding in mind. This section explores policy, market 

and technology uncertainty.  

 

In general, uncertainty refers to the unpredictability of variables internal or external to the firm or 

the inadequacy of information about these variables (Engau and Hoffman, 2009, based on other 

studies). Carbon price uncertainty results from uncertainties about its drivers. These could be 

grouped into uncertainties about future policy measures, market conditions and technologies as 

depicted in Figure 3  (Blyth and Bunn, 2011): 

• Policy uncertainty covers uncertainty about future design, timing and stringency of policy 

measures. These are a function of uncertainty about multi-regions accords and burden 

sharing agreements, feasibility of targets, social willingness to pay, and efficiency and 

effectiveness of the policy framework. In fact, governments deliberately maintain flexibility in 

their carbon mitigation measures for these uncertainties (Kettunen et al. 2006).  

• Market uncertainty covers overall uncertainty about the size and types of economic 

activities, material prices, fuel prices and market uncertainty more specific to the EU ETS 

such as the availability of international credits.  

• Technology uncertainty covers uncertainty about availability, costs and abatement 

potential of future (abatement) technologies. 

 

 
Figure 3 Three types of carbon price uncertainty 

 

Issues relating to market uncertainty have already been largely covered in Section 3.1. The other 

factors are discussed below. 

 
4.3.1 Policy and market uncertainty 

The literature shows a relationship between the way in which policy and market uncertainty are dealt 

with, whilst technology uncertainty appears to be a more independent factor in carbon price 

uncertainty. In order to present this relationship, policy and market uncertainty are presented 

together here, followed by technology uncertainty.  
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Currently, policy uncertainty is more important than market uncertainty 

Blyth and Bunn (2011), who focussed on electricity generators, find that policy-based risks are of a 

different nature to market-based risks since the lack of private sector counter-parties makes policy-

based risks difficult to hedge. Engau and Hoffman (2009) explain that because of the nature of policy 

making, regulatory uncertainty is characterized by a discontinuous resolution differing therefore from 

uncertainties such as technology or market uncertainty which resolve continuously over time. 

 

One confirmation that perceptions of policy risks are a major factor in the market is provided by 

feedback from traders11. Early in the market, many banks and other institutions set up trading desks 

for carbon to augment their energy trading activities. Much of this has gone, with many fewer purely 

speculative traders entering, and the market being much more driven by compliance traders (i.e. 

companies who are direct participants in the EU ETS and have to trade to cover their emissions). Part 

of the exit from the market by financial traders was spurred by general retreat to core business 

following the financial crisis, but many still trade energy. Policy risk is identified as a strong factor 

behind the relatively strong withdrawal by these players from the market.  

 

A range of policies, beyond the EU ETS, contribute to this policy uncertainty 

Policy uncertainty also drives carbon price uncertainty indirectly as it is not confined to uncertainty 

about ETS related regulations, but also relates to other policy measures that have an impact on 

future emissions such as fuel taxes and measures to stimulate renewables, energy efficiency and the 

uptake of a certain technology (Blyth et al., 2009). Policies in other regions will also have an impact 

on the carbon price in Europe since they may influence the availability of offsets credits, fuel prices 

and European economic activities. However, these indirect policy uncertainties are overshadowed by 

the direct policy uncertainties. In the discussions stakeholders and experts direct policy uncertainty 

was much more important. 

 

The high political risk perceived by stakeholders introduces many uncertainties to the carbon price, 

exemplified by current discussions about political intervention in the carbon price. In addition to this 

policy risk there are various national schemes that either strengthen the carbon price signal or 

provide some compensation of the carbon costs that are also subject to political decisions. These 

policies add layers of uncertainty on top of each other, making it very complex to explain the risks to 

high-level decision makers. In global businesses, this complexity and high risk profile may make it 

difficult to encourage any large-scale investments that may be affected by carbon pricing to be made 

in the EU and the UK. 

 

For the power sector, one of the interviewed investors in that sector stated that some wider policy 

uncertainties are much more significant to investments than carbon price uncertainty, such as 

uncertainty about national energy strategies and financial position of a country. While the UK has 

provided some certainty on the direction of the future energy policy with the electricity market reform 

                                              
11 Personal communication (confidential) 
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(DECC and Ofgem, 2013), other energy policies are at odds with the European Commission’s vision of 

the future energy system (European Commission, 2011). The overall accumulated energy debt in 

Spain12 or the overall attractiveness of e.g. Eastern Europe as a whole in terms of an investible 

location is a primary consideration in power investments. In this context, the role of policy 

uncertainty as it relates to carbon price uncertainty is insignificant compared to wider uncertainties.  

 

Market uncertainty could play a greater role when carbon prices are higher 

According to Blyth and Bunn (2011), policy risks are particularly strong when carbon prices are low. 

This is because the gap between the cap and baseline emissions tends to be small under these 

circumstances, so policy adjustments such as changes to the supply of allowances, or changes in 

policy support to nuclear or renewables can easily tip the balance between an under- or over-supplied 

market. This means that for investors exposed to downside risk from low carbon prices policy risks 

tend to dominate as a price driver. Demand for electricity is also a significant risk factor in these 

circumstances. On the other hand, when the gap between the cap and baseline emissions is greater, 

market drivers such as energy prices tend to dominate the risk factors. This is because when there is 

less risk of over-supply, real abatement is required. In the early stages of the ETS, carbon prices 

were often driven by fuel switching from coal to gas, so gas price drivers become more important. 

This tends to occur when carbon prices are higher. This means that investors exposed to downside 

risk from high carbon prices will be mostly exposed to market risks. Blyth et al. (2007) find that the 

closer in time a company is to a change in policy, the greater the policy risk will be, and the greater 

the impact on investment decisions. If there are only a few years left before a change, policy 

uncertainty could become a dominant risk factor. Compared to many other inputs, CO2 price is in 

general more dependent on discrete events and can change abruptly when large amounts of 

information are being revealed at certain points, i.e. details about future carbon policy (IEA, 2007).  

 

This low carbon price, high policy risk paradigm largely reflects the current state the EU ETS is in.  

In keeping with this assessment, most stakeholders perceive the policy risks related to the carbon 

price as much higher than the market risks, and some stakeholders from industrial sectors as well as 

stakeholders investing in the power sector even commented that they see the carbon market mainly 

being driven by policy decisions rather than market forces, which have undermined the credibility of 

the EU ETS as a market instrument. In addition, where market risk does exist, some industry players 

consider brokers and professional financial sector players to be the main traders, and that this type of 

activity increases market risk for other participants.  

 

Although the impact of carbon price obviously increases as prices rise, it is not clear that impact of 

uncertainty will necessarily increase as carbon prices rise. Currently, the range of carbon price 

uncertainty is bounded by a very large range from near zero to high enough to meet decarbonisation 

                                              
12 In Spain the electricity prices have been party regulated from 2000, so the generation costs were not fully passed on to the consumers. At 

the same time renewable energy generation received support through feed-in tariffs. The difference in generation costs plus costs to support 
the feed-in tariffs, and electricity prices resulted in a tariff deficit. This has resulted in a cumulative build-up of debt that is being tackled by 

retroactive changes to the support for renewables. With this large energy debt in combination with the large Spanish national debt, support 
for future renewable power generation seems far away. 
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targets. As prices rise, some of the low carbon price scenarios would no longer be relevant (Blyth, 

2013). 

 

The carbon price in the UK can be broken down into three elements to understand 

uncertainty  

In the UK the effective carbon price faced by energy users can be split into three elements, although 

not all elements apply to all end-users (Advani et al, 2013): 

• EU ETS price applies to all installations participating in the EU ETS same across the EU 

• Climate change levy specific to the UK in the form of a carbon tax that is put on energy 

products used by businesses and applies to some of the UK installations in the EU ETS 

• Carbon price support that is part of the climate change levy legislation and is dependent on 

the EU ETS price and the target carbon floor price. The carbon price support only applies to 

electricity generators, but is felt by other energy users through the electricity price 

 

Uncertainty in each of the elements of carbon prices would amplify the uncertainty of the carbon 

price as these uncertainties would stack on top of each other. One of the objectives in this study is to 

determine the impact of various flexible cap-setting approaches in the EU ETS on the carbon price 

uncertainty. Cap-setting in the EU ETS will only directly influence the EU ETS carbon price 

uncertainty, and therefore does not address fully all elements of carbon price uncertainty. In fact, the 

carbon price support policy was implemented to support the effective carbon price in the UK to 

provide a clear price for carbon emissions to stimulate the electricity sector to invest in low carbon 

technologies (HM Revenue and Customs, 2013).  

 

Stakeholders that experience some degree of benefit from a higher carbon price signal, such as 

investors in renewable energy, view a policy such as the UK carbon price floor as adding more 

certainty to the price albeit for the medium term, which is welcomed. However, other stakeholders 

see this type of price control measure as a simple increase in costs, and hold that it does not provide 

any additional certainty. Both views are related to the political uncertainty about whether the UK 

government will change the carbon price floor.  

 

The role that uncertainty in a range of policies plays in determining carbon price uncertainty is 

important in order to understand the limitations on the impact that developing a flexible cap-setting 

policy could have on investments. .  

 
4.3.2 Technology uncertainty 

Although technology uncertainty receives very limited coverage in the literature, industrial 

stakeholders at the workshop, across a few sectors, noted that technology uncertainty is an 

important contributing factor to carbon price uncertainty. Costly and untested technologies such as 

certain equipment, or carbon capture and storage (CCS) have potential to reduce emissions but come 

with a risk. The steel sector noted enormous technological uncertainty about what may be available 

to reduce emissions in the future. This sector, as well as other sectors with significant process 

emissions, noted the importance of CCS in particular as a key technology that has not yet managed 
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to develop, despite the plans through the NER 30013. The sector also acknowledged that there are 

other barriers to stimulating CCS beyond just the current low price of carbon, and therefore this 

argument should not be considered circular.  

 

In the cement and lime sectors, the view was shared that the technology is currently not available to 

reduce emissions to a level much below the current benchmark used for free allocation in the EU ETS, 

again an indicator that the technological uncertainty relates to carbon price uncertainty looking 

forward.  

 

Progress of technology in other sectors can also have a knock-on effect. For instance, there was 

consensus amongst the industrial sectors that the iron and steel sector is likely to be the first mover 

with e.g. CCS technology, and others will come on stream later. In addition, actions taken to 

decarbonise the power sector can significantly influence the total carbon price that industry has to 

absorb, however, technological developments in the power sector will occur independently. 

 

From the opposite angle, Martin et al. (2011) finds a significant positive association between the 

expectations firms hold about the future stringency of their cap and “clean” innovation and that this 

relationship is robust to including a broad range of control variables. This suggests that certainty 

about a stringent cap and high carbon price are important to stimulate innovation. Uncertainty will 

affect different technologies to different extents, and may therefore have an impact on the trend in 

technology uptake (Reedman et al., 2006; Blyth et al., 2007; IEA, 2007; Kettunen et al. 2011). 

Ultimately, more rapid development of low carbon technologies could exert downward pressure on 

carbon prices.  

  

 
4.4 In practical terms: How do investors cope with carbon price 

uncertainty? 

Investors are able to see the different elements of carbon price uncertainty separately as policy, 

market and technology risk. However, in practical terms, these investors also encounter carbon price 

uncertainty directly. If policy-makers wish to influence investment decisions, it is important to 

understand how investors read and translate carbon price uncertainty into meaningful information. In 

this section we explore how carbon price volatility is perceived, and we also describe how an 

uncertain carbon price is translated into an absolute carbon price for investment purposes. 

 

Investors do not always distinguish carbon price volatility from carbon price uncertainty 

In theory carbon price uncertainty and volatility are two distinct factors that play a role in investment 

decisions. Carbon price volatility is short-term movements in prices, where uncertainty represents a 

                                              
13 The New Entrant Reserve 300 (NER 300) is a funding programme of the European Commission to support demonstration projects in 
carbon capture and storage and innovative renewable energy technologies in the Member States in an effort to boost the development of 

research and development in innovative low carbon technologies. The NER 300 is funded through the sales of 300 million emission 
allowances from the new entrants reserve for phase 3 of the EU ETS. 
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lack of knowledge about the long-term price of carbon, for some point in the future. Whereas carbon 

price volatility does not necessarily disincentive investment decisions if this is taken into account in 

the investment decisions, carbon price uncertainty increases risk and can jeopardise the return of the 

investment.  

 

However, in practice volatility and uncertainty are mostly seen as the same and increase the 

investment risk. This is related to the fact that most companies see the carbon price as a compliance 

instrument rather than a tradable commodity and do not see it as an opportunity to increase their 

income by reducing emissions and selling allowances. Generally a fixed carbon price or an annual 

growing carbon price is used for investment decisions; volatility in the carbon price translates to 

uncertainty in what level of carbon price to take into account for the investment decision. 

 

For investment decisions, it is the long-term trend that is important. Uncertainty about the long-term 

trend will reduce a potential investor’s ability to reach an informed view. Short-term volatility is of 

some relevance for compliance and operation although its impact is not too great given the need for 

only annual compliance (Blyth, 2013). In this context the long-term constitutes a number of years, 

the same over which a project’s payback time is calculated, in contrast to the volatility which could 

take place within a day, over several days or months.  

 

Stakeholders at the workshop observed that as carbon prices rise significantly in a short time period, 

the short-term volatility that might result could have a significant impact on their bottom-line if 

companies engage in hedging or trading strategies. It is already true that price volatility can influence 

short-term abatement options such as biomass fuel switching, which is consistent with the argument 

that price is estimated over the payback period of the investment. 

 

Carbon prices are estimated for use in investment appraisals in a range of ways 

As noted earlier in this report, firms use quantified appraisal processes in making investment 

decisions. This section explores how uncertain carbon prices taken into account in these processes. 

 

For short-term investments that have an expected payback time of 2 to 3 years stakeholders in the 

interviews workshop indicated either current market prices or forward prices from trading platforms is 

used. For long-term investments the stakeholders in this study used various methods to take the 

carbon price into account, but decision makers will always try to take the future carbon price into 

account, although this is limited to up to 20 years. No one indicated making any projections beyond 

2030, and some stakeholders even indicated that no projections are made for carbon prices beyond 

the current ETS phase. The apparent variety of approaches taken to costing carbon into decision 

making within businesses implies that the subtleties of the uncertainties of carbon price in detail has 

less impact on decision making than the broader policy uncertainties.  

 

At the workshop some stakeholders actively questioned the value of trying to estimate carbon prices 

beyond 4 or 5 years in the future. The power sector investors noted that after a certain point in the 

longer term, an overview of expected policy developments is sufficient, rather than a detailed carbon 

price estimate. Stakeholders disagreed about the merit of using the current carbon price for a project 



 

MARUK14255 │ TRN 666/08/2013 37 

appraisal. Some thought that the current carbon price was a good conservative choice, as they 

expect the price can only go up, whilst others thought it was not realistic, and the carbon price in the 

future period being considered was all that mattered. One steel company actively uses ranges of 

carbon price estimates, rather than absolute figures.  

 

Payback periods will differ for energy efficiency investments as opposed to pure greenhouse gas 

abatement investments. Currently, most GHG abatement investments are actually energy efficiency 

investments, but the firms in this study indicated that the distinction between these two types of 

investments in decision-making will be stronger as carbon prices rise.  

 

 
4.5 Impact of carbon price uncertainty on investment decisions 

The preceding sections have introduced a clearer understanding of what makes up carbon price 

uncertainty and how investors perceive, measure and use uncertain carbon prices in their 

investment. The key question is how the carbon price uncertainty impacts the timing and types of 

investment decisions that occur.  

  

Carbon price could have positive or negative impacts on investment decisions 

Uncertainty will have a number of unfavourable effects on investment decisions. Uncertainty may 

lead to sub-optimal investment choices, delays in investment decisions and raise the costs of capital. 

These effects are further described below. In the presence of uncertainty, risk aversion is also likely 

to reduce investment.  

 

Uncertainty may also have a positive impact on emissions reductions as firms may hedge the risk of 

price uncertainty by reducing emissions through increasing energy efficiency and investing in low-

carbon technology. As potential unfavourable effects of policy uncertainty on the electricity sector 

specifically, IEA (2007) also mentions modest increases in electricity prices, and the creation of 

investment cycles that may exacerbate short-term peaks and troughs in generation capacity. For 

instance, Roques et al. (2006) and Blyth et al. (2009) identify a hedging role of nuclear power under 

conditions of uncertain gas and carbon prices. However, price uncertainty will raise the cost of capital 

and therefore still provide a significant hurdle for such investments. 

 

Literature widely predicts delays in investment decisions, but this may not always occur 

Uncertainty may lead to delay in investment decisions. Several studies describe this effect for carbon 

related risks (Kiriyama and Suzuki, 2004; Rothwell, 2006; Hepburn 2006; Herve, 2011; Kettunen et 

al. 2011; Ernst & Young, 2012; Norton Rose, 2013). Waiting has both a value and an opportunity 

cost. By waiting, a company gains more information and thereby will be able to make better 

decisions, but they also forego income during the period of the delay. Several studies for the power 

sector show how the value of delay may exceed the cost of delay when uncertainty increases (e.g. 

Blyth et al. 2007, Blyth et al. 2009, Blyth and Bunn, 2011). Kettunen et al. (2011) provides some 

examples in which investments have been delayed as a result of uncertainty about carbon prices, and 

in some cases the scale of carbon prices:  
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• “Shell has threatened to halt investment . . . as the uncertainty of this [emissions] policy is 

too high” (Gribben 2008) 

• Vincent de Rivas, CEO of EDF Energy in the UK commented that “we will not deliver 

decarbonized electricity without the right signal from carbon prices” (Crooks 2009).  

• Regulatory uncertainty is mentioned as delaying work on biomass conversions of coal plant at 

Drax (p.26, Thompson and Quinlan 2010).  

 

This perspective was supported by Climate Change Capital, who stated clearly that investments are 

choices. Where there is a high level of uncertainty, investors would expect more upfront financial 

incentives to compensate for the investment risk due to the uncertainty. This could be in the form of 

a premium in order to avoid delaying investment.  

 

Although the literature indicates that increased uncertainty should delay investments in low-carbon 

technology, it is difficult to understand whether that is happening in practice for a few reasons. 

Firstly, current carbon prices are lower than expected, and this means that they play a less significant 

role in some industries than e.g. fuel prices. Secondly, for industry participants, they have been 

sheltered from carbon costs until now through free allocation, and many did not face actual carbon 

costs. Consequently, it was not necessary to make any low carbon investments to lower carbon costs 

and did not see reducing emissions as an opportunity to benefit from the free allowances (Martin et 

al, 2011). Therefore Ernst & Young (2012) found that energy costs are still the primary driver of 

abatement efforts. 

 

Surprisingly, results of Engau and Hoffman (2009) show that regulatory uncertainty only partly 

causes firms to postpone strategic decisions. They find that existing regulation and a need to act 

quickly despite regulatory uncertainty are opposed to the pursuit of a postponement strategy. They 

speculate that postponing strategic decisions might be more prevalent in the more advanced stages 

of regulatory decision making when firms expect regulatory uncertainty to be resolved soon. This is in 

line with Blyth et al. (2007), who find that the closer in time a company is to a change in policy, the 

greater the policy risk will be, and the greater the impact on investment decisions. 

 

The mineral products association also noted that uncertainty does not necessarily delay investments, 

but that investments are still made in the important context of how the investment compares relative 

to other investment opportunities and the company hurdle rates, taking account of risk which counts. 

These decisions are not only dependent on the company structure, but on the market structure as 

well. 

 

In the real world, carbon price uncertainty hinders ideal decision-making 

Uncertainty may lead to investment choices that would appear sub-optimal in a world of greater 

certainty. A company may choose to invest or not to invest in new capacity or technology at a 

particular point in time based on wrong expectations of the future carbon price. If the price would 

have been better known to the company, it would have made a better and cheaper decision (IEA, 

2007). No quantification of this inefficiency has been found.  
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From an theoretical point of view, as expressed at the workshop, the countercyclical nature of the 

carbon price should be helpful in terms of investments and risk; carbon costs are low when the 

economy is slow, reducing the risk of facing high carbon costs and leaving more capital available for 

investments. This countercyclical behaviour should be preferred to steady prices. However, some of 

the industrial players speculated that investments can only be justified during high points in the 

cycle, when capital is available and carbon prices might be high, but there is a risk that prices have 

dropped by the time the projects are realised.  

 

It appears clear that carbon price uncertainty has a tangible negative impact on investment decisions 

in the real world. 

 
4.6 Hedging strategies against carbon price uncertainty 

Whilst policy-makers consider ways in which the design of the EU ETS can be used to reduce carbon 

price uncertainty, it is important to note that firms have to cope with a range of different types of 

uncertainty. Although carbon price uncertainty has some negative impact on investment decisions, 

there firms use different methods to manage carbon-related risks. It is worth understanding these 

fully before making any changes to policy. Hedging strategies are listed below:  

 

• Reducing emissions: this may consist of a combination of short-term measures, such as 

switching fuels and improving energy efficiency, medium-term measures, such as investing in 

low-carbon technology and long-term options, such as investing in R&D and innovation 

(Herve, 2011; Ernst & Young, 2012). It has in general been difficult to relate the EU ETS to 

abatement suggesting that abatement is not a widely chosen risk mitigation measure. For 

instance, based on a thorough literature survey, Martin et al. (2012) concludes that while the 

EU ETS may have led to abatement in the power sector, the evidence on the impact of the EU 

ETS on participating industrial firms’ GHG emissions is not conclusive. A measure to reduce 

emissions is to reduce activity, e.g. by shifting production to other regions resulting in carbon 

leakage or to avoid future emissions covered by the ETS, e.g. by investing in new capacity in 

other regions. Contributions to the carbon leakage debate mention that these measures likely 

to occur for sectors that are exposed to high carbon costs and/or have a high trade intensity, 

although there is little conclusive evidence of this actually occurring (Vivid Economics and 

Ecofys, 2013; Öko-institut and Ecofys, 2013).  Theoretically companies could be making 

emissions reductions to hedge against the risks that carbon price uncertainty represents. 

However, interviewed industrial stakeholders stated that they do not make investments to 

hedge against possible future risks, but instead such investments are evaluated on their rate 

of return. Renewable energy investors in this study also agreed that renewable energy is not 

seen as a hedging strategy. 

• Trading strategies: this may consist of a combination of purchasing allowances, purchasing 

(international) offsets in the secondary market or investing directly in projects and 

intentionally using clever banking and borrowing strategies (see footnote 23) (Herve, 2011; 
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Ernst & Young, 2012, Norton Rose 2013). Allowances can be purchased spot, delivered 

almost instantaneously, or using derivative transactions14. Typically, carbon trading desks 

reduce the carbon price risk exposure by using derivative transactions as much as they can. 

They end up having a carbon procurement cost reflecting the average price of the 2-3 most 

recent years (Herve, 2011). No information was found on what share of firms has a trading 

strategy in place and what type of firms typically develop such a strategy. It is however likely 

that all companies with a carbon trading desk will at minimum have a trading strategy. It is 

speculated that companies that have a trading desk in place to trade other inputs than 

carbon, will in view of the limited additional costs be more likely to also have set up a carbon 

trading desk. Such companies are typically energy utilities that are active on the electricity 

market. Based on a survey of 800 manufacturing firms in six European countries from taken 

from August to October 2009, Martin et al. (2011) finds that about 30% of firms that are part 

of the European Union Emissions Trading System (EU ETS) only participate passively in the 

market; i.e. they do not consider carbon allowances as a financial asset which provides 

opportunities. Rather, they see the cap implicit in their allowance allotment as something 

they merely need to comply with. This suggests that these companies do not make use of 

advanced trading strategies involving futures yet. 

• Commercial engineering: corporate pooling of allowances or setting up contracts that 

transfer part of the risk to other parties (Herve, 2011; Norton Rose, 2013): e.g. RWE set up 

at least three long-term contracts with lignite-based generators where the CO2 position of the 

generators and the associated carbon risks is fully transferred to RWE, while RWE maintains 

flexibility in their generation portfolio when the long-term contracts end (Herve, 2011). 

• Lobbying and initiating legal challenges: sector associations and individual companies 

may provide support to the policymaker, complain about policies expected and existing 

impacts, formulating formal demands and initiating legal challenges against policymakers of 

all kinds (Herve, 2011). Engau and Hoffman (2009) found that the higher the uncertainty 

firms perceive regarding the considered regulation, the greater the extent to which they 

participate in the corresponding policy making process. They find that almost all firms, 

regardless of their industry affiliation or region, aggressively pursue participation as a 

response to regulatory uncertainty, with utilities especially applying this strategy to a greater 

extent than other firms. 

• Delay investments and decisions: firms can avoid strategic errors due to inaccurate or 

incomplete information by postponing decisions until a later point in time when better 

information is known, e.g. when an agreement among policy makers has lowered regulatory 

uncertainty (Engau and Hoffman, 2009). The “delay-effect” is further described and discussed 

in section 3 on investments.  

• Flexibility strategies: Firms can respond to uncertainty by preparing to efficiently operate 

in as many scenarios as possible, for example through the diversification of their business 

portfolio. As for participation in the policy making process, Engau and Hoffman (2008) found 

                                              
14 Forward and futures for firm delivery at a price agreed-upon at the time of the transaction and at a fixed date ahead in time or call options 
for potential delivery at a price agreed-upon at the time of the transaction and at a fixed date ahead in time. 
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that the higher the uncertainty firms perceive regarding the considered regulation, the 

greater the extent to which they prepare for a variety of possible regulatory scenarios 

through increased strategic flexibility. They find that almost all firms, regardless of their 

industry affiliation or region, aggressively pursue flexibility strategies as a response to 

regulatory uncertainty, with utilities especially applying this strategy to a greater extent than 

other firms. 

 

Measures that reduce carbon costs will also reduce the impact of uncertainty of these costs, although 

not all measures are viewed by businesses as such. It is therefore difficult to distinguish measures 

that aim to reduce carbon costs and measures that aim to reduce uncertainty of carbon costs. It is 

speculated(and not supported by literature) that, of the methods listed above, trading futures, 

delaying decisions and flexibility strategies primarily aim to reduce uncertainty with the others mainly 

aimed at reducing overall costs. 

 

In addition, carbon price uncertainty may also increase the cost of hedging. Higher risk increases cost 

of hedging risk (Fankhauser and Hepburn, 2010). IEA (2007) concludes that climate change policy is 

likely to factor in into companies’ investment decisions raising the costs of capital. 

 

Firms can use different approaches to choosing strategies, and these choices may be 

affected by firm structure and size. 

To support decision-making on choosing the appropriate strategy, a firm can develop a carbon risk 

management strategy. By forecasting its production (and hence, its emissions) and then combining 

this with current and expected carbon prices, a company can determine a balance between emission 

reductions and trading strategies (Ernst & Young, 2012). A firm can also make organisational 

changes to support decision-making and risk management: changes include setting up policy expert 

teams, dedicated energy technology ventures and carbon trading desks (Herve, 2011).  

 

For the power sector, Kettunen et al. (2011) finds that the tendency for risk aversion falls as the firm 

size increases and larger firms are more likely to invest in new plants under the extra risks from 

carbon policy uncertainty. Uncertainty may therefore lead to a more concentrated and less 

competitive market structure and form an entry barrier for new entrants.  

 

Kettunen et al. (2011) mentions that larger companies are more capable of taking larger and riskier 

projects with a lower debt rate than smaller producers because their asset portfolio is more 

technologically diversified and spread internationally reducing market, political and regulatory risks. 

However, stakeholders at the workshop highlighted the complexity of decision-making in large 

international organisations, where competition for capital takes place on a global scale. This means 

that uncertainties that are not consistent around the world can reduce the likelihood of some 

investments going ahead.  

 

Based on the literature considered, it is difficult to obtain an educated view to what extent 

opportunities are being used and what the costs of risk management are. The assignment of 

responsibilities within a company will influence how much priority carbon risks will have. In this 
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respect, is worthwhile mentioning that in 2013, 75% of the world’s 500 largest companies by 

revenue, had set responsibility for climate change at board or executive level (CDP, 2013). 

 

The following section of the report will specifically investigate the cap-setting measures in the EU ETS 

that could be used to reduce carbon price uncertainty. Those results will be able to connect the story 

of investment decision-making in the face of carbon price uncertainty, with the potential for policy 

changes in the EU ETS to make a difference.  
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5 Managing carbon price uncertainty through cap-

setting 

In this section we investigate how carbon price uncertainty might be reduced by changing the design 

of the emissions cap in the EU ETS, supplementing our findings from literature and stakeholders with 

modelling results. First, a range of different cap options in the EU ETS are described and categorised, 

and then these are tested in the model to see what impact they could have on carbon price 

uncertainty and therefore, combined with earlier evidence, on investment decisions.  

 
5.1 Summary 

There are a range of potential approaches to setting a cap in the EU ETS that are explored in 

literature. These can be categorised into those which alter the long-term trajectory of the cap and 

those which make short-term alterations. For both of these approaches changes to the volume of 

allowances in the system can be made through a permanent cancellation or a temporary removal of 

allowances – including to a strategic reserve. 

 

As noted previously, investors often make an important distinction between carbon price risk caused 

by “market” or technology-driven factors, and policy risks. Some of the options addressed in this 

section look at ways in which interventions might be made to reduce overall carbon price uncertainty 

(for example by influencing prices through the control of the supply of allowances), whilst others 

address long-term uncertainty over the cap trajectory. As noted in the introduction, we do not 

explore here all the issues around creating policy credibility, as these are often related to the fine 

detail of policy design, combined with historical record of the regulatory body. Indeed, the EU ETS 

was originally designed in a way that was meant to avoid future political interference. One policy 

change could imply that future changes are also possible, potentially increasing policy risk. However, 

these considerations are not included in this analysis. 

 

In order to fully understand the impact that such cap-setting approaches can have on carbon price 

uncertainty, the OEA price model was used. A range of different cap-setting options were modelled in 

order to see the widest impacts.  

  

These modelling results need careful interpretation for two reasons. Firstly, what we present as 

carbon “prices” are actually the costs of abatement for meeting the cap in a given year. In reality, 

banking of allowances can substantially change the trajectory of prices, tending to smooth out price 

variations over time in accordance with longer-run expectations of supply and demand (Section 

5.3.2). The second, and more important, reason for caution is that the model is set up with many 

fewer surplus allowances in the system than in the EU ETS. Currently, the EU ETS has a carry-

over from Phase II of approximately 1800 MtCO2 which are surplus to requirements, and being 

banked for use in future years. This surplus delays the time when scarcity drives normal price-setting 
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behaviour in the market. Since we are trying to investigate price behaviour, we artificially reduce this 

surplus to 500 MtCO2 in order to bring this behaviour forward. For this reason, the outputs 

produced are not price projections and cannot be used as impact assessments of the design 

options in the real EU ETS. They should instead be interpreted as hypothetical scenarios. 

 

With these caveats in mind, the model results provide some useful insights. The range of carbon price 

outputs for a given cap is wide, illustrating the importance of fuel price, technology cost and demand 

uncertainty in influencing carbon price uncertainty. If uncertainty about the level of the cap is also 

included, the carbon price uncertainty increases further. One policy option is to try to limit the degree 

of uncertainty over the cap by creating a narrow gateway that will determine the cap quite far into 

the future (Section 5.3.2). This approach could reduce price uncertainty in the long-run, leading to 

greater incentives to invest in carbon mitigation. Alternatively, the supply of allowances in the market 

could be managed in a more active way to try to adjust for shocks to the system as and when they 

arise. We investigate responses to fuel price shocks (Section 5.3.3), and demand shocks, which can 

be seen as a proxy for unexpected changes in economic activity, such as the recent recession 

(Section 5.3.6). Both of these examples show that price ranges i.e. the degree of uncertainty relating 

to both carbon and electricity can be influenced by such interventions. The model is also used to 

indicate differences between intervening in the market on the basis of the amount of surplus in the 

system (Section 5.3.4), vs. the carbon price itself (Section 5.3.5). Intervening solely on the basis of 

surplus in the system without any reference to prevailing price may prove challenging in terms of the 

identifying suitable scale and timing of interventions. For example, a large ”surplus” of allowances 

could occur at times of relatively high prices if participants expect even tighter market conditions and 

prices in future periods, or at times of relatively low prices if demand drops due to recession. The 

‘need’ for intervention would be different between the two cases, even if the surplus was the same, 

making it a difficult control variable for policy-decisions,  it is acknowledged that the model has 

limitations in adequately modelling this design option. Perhaps unsurprisingly, control mechanisms 

that rely on a price trigger are a more direct way of reducing uncertainty of carbon prices. It imposes 

a price floor and/or ceiling on the market, thus the range of potential prices is determined by policy-

makers. The pros and cons of such an approach are discussed. 

 

The interviewed stakeholders were, for the most part, reticent to express strong opinions about cap 

setting options, noting that the details are very important to the position that they might take. 

However, broadly speaking, two viewpoints emerged:  

• Power sector and financial sector stakeholders interviewed have a preference for flexible cap-

setting options that can provide a sustained, durable and credible price. Interviewed parties 

from both sectors agreed that because there is no mechanism to absorb shocks in the EU 

ETS, the carbon price uncertainty for the future is large and it is too low to incentivise 

investment at the moment. Whereas the power sector party prefers a supply-triggered 

system, possibly with cancellation, the financial sector party emphasised that they have no 

specific opinion on the design of this option, provided that it is credible. 

• Most interviewed industrial stakeholders in this study see the EU ETS and the carbon price as 

compliance costs rather than a commodity that can be traded on the market, or as an 

opportunity cost that can be gained if low carbon investments are made. Some industry 
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sectors expressed strong concerns about a price-triggered approach and preferred no 

intervention within trading periods as they perceive it as distorting the market. This is similar 

to the stakeholder consultation for the California Cap-and-Trade Program, where many 

stakeholders felt that allowing administrative adjustments in the cap would create 

undesirable uncertainty in the allowance market (ARB, 2012a).  

 

The connection between the potential reduction in carbon price uncertainty and the impact that this 

could have on investment decisions was not made directly by stakeholders. In part, without the detail 

of the implementation of any given option, stakeholders were not able to see the necessary 

resolution.  

 

The theoretical evidence gathered in earlier parts of this study implies that reductions in carbon price 

uncertainty should help support investments, however, with currently low carbon prices, and very 

little investment it is difficult to conclusively state that improvements in carbon price certainty alone 

will improve the investment outlook.  

 

 
5.2 Approaches to cap-setting  

There is a large variety of flexible cap-setting approaches that can be found in literature and various 

ways that the cap-setting approaches can be classified (DIW Berlin, 2013). From the analysis of this 

wide range of cap-setting approaches, this study distinguishes two main types of flexible cap-setting 

approaches: 

• Altering the trajectory of the cap 

• Market volume adjustment  

 

Whereas changes to the trajectory may be seen as a structural change in the market and is for future 

years, the adjustment of the market volume may be considered as tactical interventions designed to 

adjust the carbon market in response to external events. These tactical interventions will result in a 

change in the market volume in the same year or several following years from the existing trajectory, 

without necessarily providing clarity about what future supply will be. This also sums up the main 

differences between the two types of approaches: 

 

• Altering the trajectory of the cap provides more clarity on the future cap and thus supply of 

allowances compared to a market volume adjustment where tactical interventions can 

suddenly change the supply. Allowing tactical interventions also adds more complexity to the 

system 

• By adjusting the market volume through tactical interventions the allowance supply can 

respond much faster to developments in demand compared to altering the trajectory of the 

cap for the future 
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Note that these two main types of cap-setting approaches are not mutually exclusive; a system can 

have market volume adjustment mechanisms while at the same time containing provisions to alter 

the trajectory of the cap.  

 

The detail of the way in which these approaches are designed will determine the impact 
that they have on carbon price certainty. The design details of these approaches can also 
determine the advantages and disadvantages of each cap-setting approach, beyond carbon 
price uncertainty. Different options will show differences as regards complexity, 
practicability, impact on policy certainty, coherence with ETS market principles, 
predictability,  and impact on the absolute carbon price amongst other considerations. 
 
The different pros and cons of these cap setting approaches are not explicitly evaluated as it lies 

outside the scope of this study however, these are briefly touched upon in the sections below. An 

understanding of the relative merits of these different options, beyond their impacts on uncertainty 

which is investigated later in this report, can help policy-makers make long-term decisions. 

 
5.2.1 Altering the trajectory of the cap 

In the most of the ETS around the world the default cap-setting approach is to fix the trajectory of 

the cap for a number of years, and the cap is revised after this period (Ecofys, 2013). However, 

without any possibilities to adjust the market volume, the cap cannot respond to any large economic, 

political or technological shocks within that period. To account for these future uncertainties, the 

trajectory of the cap could also be made more flexible, leading to two main variations to alter the 

trajectory of the cap: 

• Fixed cap trajectory with a review process: the cap trajectory is fixed for a certain period, 

after which is it reviewed by considering various factors such as the future emission reduction 

ambition, surplus in the market, carbon price levels, interactions with other policies etc. 

• Cap linked to external factors: the cap is more dynamic by linking it to external factors such 

as economic indicators or fuel prices. The trajectory of the cap changes automatically to a 

change in the external factors. More examples of external factors are provided in 

Section 5.2.2. 

A fixed cap trajectory is the most predictable options in terms of the annual supply of allowances and 

guarantees that the emissions will remain below a certain level, but could be subject to political 

pressure to change the trajectory when large demand shocks occur. By linking the cap to external 

factors, some of these demand shocks can be taken into account; for example if the cap is linked to 

an economic indicator, the supply of allowances would be able to track the change in demand due to 

economic shocks which otherwise would have resulted in unexpected high or low carbon prices. This 

could, however, undermine the environmental outcome of the system as the trajectory of the cap is 

no longer certain. Linking the cap to external factors could also run into practical issues depending on 

the external factors such as data availability and the frequency of updating the cap.  
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A middle road between the main variations of trajectory altering cap-setting options is by initiating 

the review process of the fix trajectory after certain predetermined external conditions have been 

achieved. This would be similar to the current EU ETS, which allows the trajectory to be revised when 

an international agreement on climate change has been reached (European Commission, 2009). This 

would provide some flexibility to the supply, but there is no direct relation to demand or carbon price 

certainty.  

 
5.2.2 Adjusting the market volume using triggers 

The second category of flexible cap-setting options that we have identified is adjustments to the 

market volume based on triggers. Intervention in the carbon market by adjusting the market volume 

has been implemented in various ETS around the world such as California, Québec, New Zealand and 

Australia to ensure a minimum and/or maximum carbon price (Ecofys, 2013). However, this 

increases the complexity of the system. The market volume can be adjusted in two ways: 

• Permanent cancellation of surplus allowances or creation of new allowances of a particular 

vintage. This changes the overall cumulative emissions of the system. 

• Temporary removal of allowances with (potential) reinstatement in later periods (similar to 

banking), or bringing forward (borrowing) allowances from future years. It is assumed that 

this enforced banking would be administered by some central (government-backed) 

authority. In principle overall cumulative emissions under this scenario are unaffected by the 

intervention, unless the triggers to reinstate allowances or compensate for allowances 

brought forward are never reached. This will then effectively act as a permanent cancellation.  

 

Since the overall cumulative emissions in the system under a permanent adjustment change, the 

environmental outcome of the system cannot be guaranteed if there is no limit on the creation of 

allowances. Cancellation of allowances could be opposed by certain stakeholders depending on where 

the allowances to be cancelled are taken from. On the other hand, a temporary adjustment to the 

market volume could create a different kind of policy uncertainty; political decisions could cause the 

central authority to suddenly undo the adjustment as the allowances physically exist, causing an 

unexpected change in the carbon price.  

 

Any adjustment to the cap will tend to be made in response to a perception that the market is either 

over- or under-supplied, and different metrics can be used to determine this. These indicators could 

then serve as triggers to determine when an intervention in the market should occur. 

 
Triggers 

A variety of different indicators might be considered for a trigger for intervention in the carbon 

market, which can also be used for the review of the cap.  

 

Triggers can include carbon price, volume-/quantity-based in the market or external factors (DeHSt, 

2013). In this study the triggers considered include: 

• Carbon price – Using the carbon price itself as a trigger could be considered a way to 

directly regulate the carbon price and intervene in the market when carbon prices are not in 
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line with expectations. This could include removing allowances in periods of over-supply (if 

carbon prices slump and are not providing sufficient signal for low-carbon investment), or 

injecting more allowances when the market is perceived to be too tight. Instead of the 

absolute carbon price, the historical carbon price trend could also be used by looking at the 

relative change in carbon price over a certain period.  

 

A price-based trigger would be the most direct way to control the carbon price and limit the 

carbon price uncertainty due to market uncertainty, because the carbon price itself is used as 

a trigger. However, using a price-based trigger would bring the ETS design closer to a carbon 

tax design, leading to a more fundamental level of discussion on price-based measures (a 

carbon tax) versus quantity-based measures (an ETS) to reduce emissions. A wide range of 

literature can be found on comparing carbon taxes against emissions trading systems (e.g. 

Pizer, 1997; Elkins and Baker, 2001; Hepburn, 2006).  

 

While a price-based system provides certainty regarding carbon price, the environmental 

outcome is not guaranteed and with a quantity-based system the reverse would be true. A 

hybrid approach such as an ETS with a carbon price as a trigger could be seen as a way to 

provide more certainty regarding the carbon price without compromising the environmental 

outcome (Roberts and Spence, 1976). 

 

Use of the carbon price as a trigger has the advantage of being transparent, but requires 

agreement on what price levels should be used as trigger points. A drawback of removing 

allowances based on a minimum price (price floor) is that firms are abating more than 

required under the cap at a lower cost-efficiency; due to the learning curve of technologies 

the abatement costs could be lower when the abatement would be imposed by the cap 

instead of the price floor. A drawback by imposing a maximum price (price ceiling) is that 

investors are dissuaded from investing in options above the price ceiling, while it could be 

that these investment options are otherwise high risk, but potentially high reward to the 

investor. More importantly, in the European context a price trigger that is determined 

independently of the market price is politically challenging. Such a price trigger could be seen 

as a European-wide tax, which could be problematic in terms of fiscal sovereignty of the 

Member States.  

• Surplus allowances in the system – The level of surplus in the system can be observed as 

the cumulative difference between surrendered allowances and issued allowances and is 

considered as a volume-based trigger. In a market with no borrowing, there will always be 

some level of surplus since companies cannot go short. Allowing companies to bank this 

surplus means they have flexibility over when to make emissions abatement. The surplus also 

allows forward trading and hedging against future carbon price risks. A drawback of using the 

surplus of allowances as a measure is that it may be difficult to determine the appropriate 

level of surplus that should trigger intervention without some reference to prevailing carbon 

prices to indicated the balance of supply and demand, given that companies may be 

deliberately banking allowances in expectation of cost increases in future years.  
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Nevertheless, there may be some political advantages to this approach to the extent that it 

avoids the degree of direct price regulation as in the price-triggered option. 

• External factors – Policy-makers might choose to make occasional interventions in the 

market to correct for unexpected economic, technological or political events. These might 

include booms or recessions that structurally shift long-term demand for allowances. Or they 

might include unplanned technological changes such as shift to greater electricity demand for 

heat and transport, or to distributed generation outside the scope of the EU ETS. Political 

events external to the carbon price include the implementation of policies that have an 

interacting or overlapping impact on the ETS in case the ETS has not been designed to take 

these other policies into account.  

 

In Section 5.3 a combination of different flexible cap-setting design options are investigated and what 

their impact is on carbon price uncertainty, one of the main objectives of this study. The selected 

scenarios are based on the literature analysis in the next section. An overview of the different cap-

setting options investigated in this study is provided in Table 5. 

 

 
5.2.3 Literature overview of a large variety of flexible cap-setting approaches 

There are a large number of different cap-setting methods that can be designed by combining cap-

setting type, cap adjustments and triggers. There are also different ways the cap-setting methods 

can be implemented. These different design elements can also be combined with each other, leading 

to a huge number of potential variations on this them. In Table 4 we describe the cap-setting designs 

found most common in literature sources, classified into the cap-setting approaches described earlier. 

 

The literature also provides suggestions for other options, besides flexible cap-setting options, that 

can provide more price certainty.  These options have the same impact as flexible cap-setting options 

though, because they affect the effective supply and demand balance in the system to increase the 

price certainty.  Some options that have been identified in Table 4 are: 

• Changing the level of offsets that can be used as allowances in the system will change the 

supply and demand balance in the system as part of the demand is fulfilled with offsets. The 

effect is equivalent to changing the amount of supply of allowances in the system. 

• Implementing supporting measures influencing the carbon cost, where the option to pay a 

fixed price acts like a cost ceiling and additional taxation as a price floor. Both cost 

influencing options will change the supply and demand balance as the demand for allowances 

will be affected by the supporting measures.  
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Table 4 Overview of various flexible cap-setting approaches from literature 

Flexible cap-

setting 

approaches 

Description Type of adjustment 
Adjustment 

triggers  

Range of caps / 

Gateway 

mechanism 

A range of potential cap trajectories over a long time horizon with the possibility to 

adjust the cap within that range. This corresponds to the gateway mechanism in the old 

Australia Carbon Pollution Reduction Scheme15 that provided a range of potential 

emissions caps covering the ten years following the fixed five year period, which is 

updated annually (Fankhauser and Hepburn, 2010). 

Trajectory altering 
Fixed review 
process 

Long-term 

indicative cap 

with periodic 

revision 

The current cap contains (conditional) provisions to revise the cap trajectory, which can 
be based on a long-term indicative range of targets that are set far in the future. This 
would be similar to the current form of the EU ETS where the linear reducing cap is to be 
revised from 2020 or earlier when an international agreement is reached (European 
Commission, 2009). The revised cap could be based on the targets in the European 
Commission’s low-carbon roadmap acting as long-term indicate caps (European 
Commission, 2011). 

Trajectory altering 
Fixed review 
process 

Rolling cap 

The cap is set annually for several years ahead. The use of rolling commitment period 
that is updated annually avoids the sharp uncertainty between periods. This option 
corresponds to the cap-setting approach planned in the Australia Carbon Pricing 
Mechanisms for the flexible cap period (Australian Government, 2013). 

Trajectory altering 
Fixed review 
process 

Automatically 

adjusting cap 

Introducing scope for adjusting caps if some pre-specified conditions are met, for 
instance, based on movements in macroeconomic indicators such as fossil fuel or energy 
markets, or economic growth rates (DIW Berlin, 2013). The conditional EU reduction 
target of 30% by 2020 if an international agreement on climate change is reached is a 
form of automatically adjusting cap (European Commission, 2009) 

Trajectory altering 
External 
factors 

                                              
15 The Australia Carbon Pollution Reduction Scheme was never implemented and was the predecessor of the Australia Carbon Pricing Mechanism, which has been implemented since July 2012 (Australian Government, 2012a). 



 

MARUK14255 │ TRN 666/08/2013     51 

Flexible cap-

setting 

approaches 

Description Type of adjustment 
Adjustment 

triggers  

Updated target 

depending on 

price 

Stringency of targets in the next period could automatically depend upon the revealed 
price in the current period, with the relationship defined by the agreed target (Newell, 
2005; Hepburn et al, 2006). 

Trajectory altering 
Fixed review 
process, 
carbon price 

Price ceiling 

through 

auctioning from a 

price containment 

reserve 

Allowances are made available via auctions to satiate demand at the trigger price. These 
allowances could come from a price containment reserve (Newell et al., 2005), obtained 
from: 
• allowances that are forfeited if not used 
• allowances borrowed from future compliance periods 
• allowances generated by raising the cap 
• allowances taken from the market earlier at a lower price 
• offsets purchased with auction revenues  

Market volume adjustment, 

(permanent/ temporary) 
 

Carbon price 

Soft price ceiling 

with a fixed cap 

Allowances are made available to satisfy demand at the trigger price, but in combination 
with a fixed cap, the additional supply of allowances is always limited. (Hepburn et al., 
2006; AnalysisGroup, 2010). Soft price ceiling through auctioning have been set up in 
RGGI. Soft price ceilings through supply at a fixed price are being used in California and 
Quebec (Ecofys, 2013). The allowances are made available out of a cost-containment 
reserve with limited size. 

Market volume adjustment 

(temporary) 
Carbon price 

Price ceiling 

through supply at 

fixed price 

Allowances are always or regularly available at fixed price. This effectively guarantees an 
unlimited supply of permits and such a ceiling could therefore result in additional 
emissions (Fankhauser and Hepburn, 2010; ARB, 2012a). 

Market volume adjustment 

(permanent) 
Carbon price 

Price floor by 

adjusting cap and 

allowances are 

retired 

If prices fall to a minimum price, the stringency of emission targets is increased by 
reducing the supply of allowances or allowances could be purchased from the market 
and retired, thus further reducing emissions beyond initial targets. (AnalysisGroup, 
2010). 

Market volume adjustment 
(permanent) 

Carbon price 
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Flexible cap-

setting 

approaches 

Description Type of adjustment 
Adjustment 

triggers  

Price floor by 

adjusting cap and 

allowances are 

put in a reserve 

If the price drops below the price floor, the supply of allowances are reduced or 
purchased from the market and put in a reserve for future reinjection into the market 
(AnalysisGroup, 2010). 

Market volume adjustment 
(temporary) 

Carbon price 

Price collar by 

adjusting cap 

Combination of price floor and ceiling through adjustable cap. If the price floor is 
achieved by purchasing allowances from the market, then the purchased allowances 
could be put in a price containment reserve and later be used to realise the price ceiling 
(AnalysisGroup, 2010).  

Market volume adjustment 
(temporary) 

Carbon price 

Price relief 

through expanded 

offset use 

The offset use is relaxed, subject to pre-determined price triggers; Relaxing offset use 
would increase the supply of offsets available for compliance, but could leave allowance 
prices either above or below the price trigger depending on the size of the adjustment to 
the offset limit (AnalysisGroup, 2010).  

Market volume adjustment 
(temporary) 

Carbon price 

Fixed price option 

Participants wishing to satisfy their obligation to surrender units can do so by paying a 
fixed amount for each unit that they are liable to surrender. This would not set the 
market price, but would limit the costs for participants to the fixed price. However, it 
would reduce the demand for allowances and effectively act as an increase in supply. 
The fixed price option is being used in New Zealand and Australia in the fixed price 
period (Ecofys, 2013). 

Market volume adjustment 
(permanent) 

Carbon price 

Auction floor price 

Allowances are not auctioned below a minimum price. The reserve price would serve to 
reduce the supply of allowances onto the market when prices were below the reserve 
price. Auction reserve prices are used in the California and Quebec cap-and-trade 
programs as well as the RGGI (Ecofys, 2013). This is also one of the options for 
structural reform the European Commission considered in its Carbon Market Report 
(European Commission, 2012b). 

Market volume adjustment 

(temporary) 
 

Carbon price 
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Flexible cap-

setting 

approaches 

Description Type of adjustment 
Adjustment 

triggers  

Absolute price 

floor by 

purchasing at 

guaranteed price 

Government could commit to repurchase allowances at the price floor. Treasuries, 
however, are typically reluctant to sign up to such financial liabilities (Hepburn et al, 
2006; Fankhauser and Hepburn, 2010). This option can best be combined with an 
auction floor price to avoid iterative purchasing and auctioning of allowances. 

Market volume adjustment 
(permanent) 

Carbon price 

Price floor by 

taxing 

A tax can be designed so that firms are required to pay a tax that is the difference 
between the market carbon price and the price floor. This increases the effective market 
price, which could induce abatement and reduce demand for allowances. A supporting 
tax is used in the UK that only applies to electricity generators (HM Revenue and 
Customs, 2013). 

Market volume adjustment 
(temporary) 

Carbon price 

Price cushion 

A staged approach in which price ceilings are set up for a series of lots of allowances 
with increasing fixed prices (Hepburn et al., 2006). A price ceiling cushion is 
implemented in RGGI as the cost containment reserve (Ecofys, 2013). 

Market volume adjustment 
(temporary) 

Carbon price 

Response 

mechanism with a 

reserve based on 

the price trend  

A response mechanism that adjusts the supply of allowances by depleting or replenishing 
a reserve of allowances when the price trend is higher or lower than the price trend 
during a preceding period rather than based on an absolute price level with 
administrative enforced price bounds (Taschini, Kollenberg and Duffy, 2013). Such a 
mechanism is implemented in the EU ETS, which allows auctioning of more allowances if 
the carbon price trend rises too steeply (European Commission, 2009).  

Market volume adjustment 
(temporary) 

Carbon price 

Supply response 

reserve 

The supply of allowances is adjusted automatically according to a trigger, whereby if the 
surplus of allowances is above a certain threshold allowances would be withheld from 
auctions and placed into a reserve.. The reintroduction of these allowances is triggered if 
the surplus level falls below a lower surplus threshold, as long as there are allowances in 
the reserve (IETA, 2013).  

Market volume adjustment 
(temporary) 

Allowance 
surplus 
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Flexible cap-

setting 

approaches 

Description Type of adjustment 
Adjustment 

triggers  

Hybrid 

supply/price 

response reserve 

Allowances are withheld through auctions and placed in a surplus reserve, keeping in 
mind a minimum amount of allowances required to maintain adequate liquidity in the 
market for forward trading and hedging. The allowances are then returned if the price 
rises above a certain (relative) threshold or when the price trend is higher than the price 
trend during a preceding period (SSE, 2013). 

Market volume adjustment 
(temporary) 

Allowance 
surplus, 
carbon price 

Flexible reserve 

based on 

economic 

indicators 

A flexible intensity-based supply mechanism adjusts the number of allowances based on 
industrial productivity and the electricity generation, which is equivalent to an intensity-
based emissions cap. To reconcile the flexible mechanism with international 
commitments, allowances are absorbed in the reserve during economic downturn. The 
amount of allowances that can return to the system during economic growth periods is 
limited to the amount of allowances in the reserve (CEZ, 2013). 

Market volume adjustment 
(permanent) 

External 
factors 
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Table 4 shows that many cap-setting options identified in the literature have similar characteristics 

and mainly differ in the manner of implementation. The majority of the variations in flexible cap-

setting approaches found in literature are short-term approaches that adjust the market volume in 

the current year and, in the case of a reserve reinstate the allowances in future years if conditions 

are met. Many of these variations are price triggered. The different flexible cap-setting designs may 

have practical and political implications, but approaches with the same characteristics will have the 

same impact on carbon price uncertainty.  

 

 
5.3 Impact of cap-setting approaches on carbon price uncertainty and 

investment decisions 

Flexible approaches to setting the cap in the EU ETS could provide one way to make the carbon price 

more certain. In this section, approaches to flexible cap-setting are explored, and then their potential 

impact on carbon price certainty tested with a model and the reactions of stakeholders clarified.  

 

Options other than flexible cap-setting options to provide more carbon price certainty such as 

banking, borrowing, rolling compliance, longer compliance periods and linking are not explored in this 

study, but are briefly explored in Annex I.5. 

 

The carbon price uncertainty associated with different cap-setting options has been investigated with 

a stochastic carbon price model developed by Oxford Energy Associates. As described in Section 2.3, 

this provides 5-yearly snap-shots of the abatement cost based on the gap between business-as-usual 

and the emissions cap. For convenience and brevity, we refer in this report to these marginal costs of 

abatement that come out of these snap-shot assessments as carbon prices. However, it should be 

noted that the model does not explicitly take account of banking of allowances, so this behaviour has 

to be assessed separately in order to get estimates of how abatement costs at different intervals in 

time would translate into a carbon price profile in the EU ETS.  

 

The scenarios used in the modelling are a subset of the range of cap-setting approaches identified in 

the previous section, because there are too many combinations to be able to assess them all. The 

aim is to analyse a representative sample across all these possibilities, including options where the 

cap trajectory is altered, options where the supply of allowances in particular years is altered (either 

permanently or temporarily), and looking at a sample of different types of trigger for these 

interventions. The scenarios therefore represent hypothetical states of the world, and do not in any 

way indicate particular policy options, preferences, or the direction of policy-making being considered 

by DECC. These different scenarios are shown in Table 5.  
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Table 5 Summary of the results in the carbon price uncertainty scenarios investigated 

Section 
Scenarios 

investigated 

Adjustment 

type 
Triggers Modelling results of carbon price uncertainty 

Discussions with stakeholders and 

experts 

5.3.1 Fixed cap 

trajectory and 

cap reflecting 

post-2020 policy 

uncertainty 

Scenarios 1  

Fixed cap  

(loose, 

medium, tight 

trajectories) 

No 

adjustment 

No 

review 
• In absolute terms, the modelled carbon price 

uncertainty increases over time, while in 

percentage terms uncertainty actually decreases, 

but is highest for the loose cap scenario.  

• Modelling results show uncertainty is not 

necessarily correlated with stringency as in some 

years the high cap shows more uncertainty in 

absolute terms than the loose and medium cap. 

• All interviewed stakeholders see a 

lot of uncertainty after 2020 as 

there is no concrete design for the 

EU ETS yet post-2020 

Scenario 2 

Cap reflecting 

post-2020 

policy 

uncertainty 

Trajectory 

altering 

Fixed 

review 

process 

5.3.2 Cap 

trajectory 

gateway limiting 

post-2020 policy 

uncertainty 

• The impact of a trajectory gateway has little 

effect on reducing the modelled carbon price 

uncertainty until later years. 

• Reducing long-run uncertainty in the cap could 

lead to use of a lower discount rate, raising the 

carbon price in the short-term and leading to a 

more efficient carbon price signal. 

• One industrial sector representative 

commented despite publication of 

the low-carbon roadmap by the 

European Commission, this still does 

not provide certainty about future 

targets as it is not sure if all Member 

States also share this vision. 

Scenario 3 

Cap with a 

trajectory 

gateway 

Trajectory 

altering 

External 

factors 
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Section 
Scenarios 

investigated 

Adjustment 

type 
Triggers Modelling results of carbon price uncertainty 

Discussions with stakeholders and 

experts 

5.3.3 Cap-

setting 

approaches 

linked to fuel 

prices 

Scenarios 4 

Cap linked to 

gas prices 

Trajectory 

altering / 

Market 

volume 

(permanent)*  

External 

factors 

• Linking the cap to gas prices considerably 

increases uncertainty in carbon prices in the 

model.  

• The model shows that tightening the cap when 

the gas price is low results in a particularly high 

breakeven carbon price, whilst loosening the cap 

when gas prices are low has the opposite effect. 

• This option was not mentioned or 

discussed in interviews with 

stakeholders and experts. 

5.3.4 Cap-

setting 

approaches 

under a surplus 

trigger 

Scenario 5 

Cap controlled 

by a strategic 

fund 

Market 

volume 

(temporary) 

Surplus 

for floor 

Price for 

ceiling 

• Supply-triggered interventions based on a crude 

5-year retrospective review (due to limitations of 

the model) lead to a significant danger of 

overshoot  (i.e. a tighter than optimal balance of 

supply and demand) and there is a large 

uncertainty in what the overshoot could be.  

• In the consecutive period the modelled carbon 

price swings back at to the original trajectory, 

because in the model the additional abatement 

effort required due to the withholding of 

allowances is only required for the year(s) the 

allowances are withheld. 

• The interviewed party from the 

power sector had a strong 

preference for a surplus-triggered 

intervention system. Other firms 

and sector representatives were 

more reserved on this option and 

indicated that more detail on the 

implementation would be necessary 

before taking a firm view  
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Section 
Scenarios 

investigated 

Adjustment 

type 
Triggers Modelling results of carbon price uncertainty 

Discussions with stakeholders and 

experts 

5.3.5 Cap-

setting 

approaches 

under a carbon 

price trigger 

Scenario 6 

EU price floor 

for all sectors, 

temporary 

adjustment 

Market 

volume 

(temporary) 

Carbon 

price 

• The price floor is moderately successful at 

reducing the range of modelled carbon prices. In 

the model it appears to be most effective during 

intermediate years when expected prices are 

beginning to rise. 

• In the case where the modelled price floor is 

tailored to the cap scenario, the question of 

whether allowances are permanently or 

temporarily removed does not make much 

difference to the modelling results. 

• The model shows that in the case of a mismatch 

between the price floor and the emissions cap, 

there is a significant policy risk if allowances are 

held back and suddenly reinstated in the market. 

This policy uncertainty is not limited to the price 

trigger options and the risk is present with all 

options that hold back allowances. 

• The interviewed party from the 

financial sector indicated that price-

based measures could provide some 

stability and certainty, which is 

positive for investments. 

• Many interviewed industrial parties 

were against price-based triggers as 

it would not be the market price 

delivering emission reductions. The 

mineral products sector 

representatives stated that selecting 

a specific price by policy makers is 

effectively the policy makers betting 

on a particular technology to deliver 

the saving. 

Scenario 7 

EU price floor 

and ceiling for 

all sectors, 

temporary 

adjustment 

Market 

volume 

(temporary) 

Carbon 

price 

Scenario 8 

EU price floor 

and ceiling, 

permanent 

adjustment 

Market 

volume 

(permanent) 

Carbon 

price 

5.3.6 Cap 

dependent on 

economic 

activity 

Scenario 9 

Cap 

dependent on 

economic 

activity 

Trajectory 

altering / 

Market 

volume 

(permanent)*  

External 

factors 

• Whilst the expected modelled price trajectory is 

more-or-less unaltered, the range is reduced, 

particularly in the earlier years. 

• However, taken over the whole modelling horizon, 

the impact of these interventions seems fairly 

modest, highlighting the fact that demand 

uncertainty is only one of many risk factors 

affecting carbon price. 

• Industry stakeholders showed some 

interest in a cap updated against 

economic development 

* Flexible cap-setting approaches based on external factors such as fuel prices and economic activity can be classified into both types of cap-setting approaches depending on the way 

these flexible cap-setting options are implemented. If external factors under a market volume adjust approach trigger a permanent cancellation/injection of allowances relative to 

the change of the external factors, it will effectively be the same as altering the trajectory. 
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There are some important differences between the model set up and current market conditions. In 

particular, the EU ETS is currently significantly oversupplied with allowances due to structural 

economic shifts during Phase II, leading to around 1800 MtCO2 being carried forward into Phase III 

(calculations based on EEA, 2013a). Rather than modelling this oversupply directly, we have chosen 

to adjust the balance of allowances in system in order to bring baseline and cap scenarios closer 

together than is currently the case in the market as an assumption in the model. We have therefore 

reduced this surplus in the model to only 500MtCO2 as the initial starting point in Year 0. The 

rationale for doing this is that we are focussing in this study on the effect of uncertainty, and the 

policy options to address its impacts. The options for dealing with the overhang of allowances from 

the previous trading period are not purely related to uncertainty but also to overall stringency of 

policy. Also, from a pragmatic point of view, if the surplus were left in place in the model, the first 

half of the modelling horizon would experience oversupply and zero carbon prices (because of the 

absence of banking directly included in the model). This would have reduced the insights available 

from modelling the effect of different cap-setting policy options on price uncertainty, which is the 

focus  of this study rather than the absolute price itself. For this reason the modelled prices 

presented in subsequent sections of this report should not be treated as projections or forecasts of 

the carbon price. The absolute carbon prices in this study are therefore fictional and should not be 

used for any purposes other than to evaluate the price uncertainty. In this section modelling results 

for the carbon price uncertainty in the selected hypothetical scenarios is shown and explained. Each 

section includes a box illustrating how the hypothetical scenarios could be implemented in practice. 

 
5.3.1 Fixed cap trajectory and cap reflecting post-2020 policy uncertainty 

Scenario 1 represents the fixed cap option. To illustrate different ambition levels, a fixed cap scenario 

with three different trajectories are used. This allows us to investigate the impact of the stringency of 

the cap on carbon price uncertainty.  

 

The expected baseline and the different cap scenarios are presented in Figure 4. The cap scenarios 

follow the same trajectory until Year 10, and then diverge according to the following annual reduction 

amounts, expressed as a percentage of Year 0 emissions16: 

• ‘Loose’ cap: 1.74%  

• ‘Medium’ cap: 2.2%  

• ‘Tight’ cap: 3.5%  

                                              
16 In the model Year 0 is equivalent to 2010, so the linear cap trajectories are calculated relative to 2010 emissions. This deviates slightly 

from the actual cap in the EU ETS, since the actual cap is calculated relative to the total annual average amount of allowances issued in 
2008-2012, corrected for the phase 3 scope of the EU ETS. 
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Figure 4  The baseline emissions, cap trajectories of the three fixed cap scenarios and the trajectory range for the 

stochastic cap scenario 

 

Additionally, the model assumes that the initial surplus is reduced to only 500MtCO2. The remaining 

approximately 1300 MtCO2 surplus allowances carried over from Phase II to Phase III are assumed to 

be temporarily removed from the system, and reintroduced evenly over the remaining 30 years of 

the modelling horizon. This means that the surplus will effectively increase the de facto cap of the 

system. This assumption is made not to reflect any particular political reality, but rather to facilitate 

more useful modelling insights.  

 

The expected baseline shown in Figure 4 is the average of the range of possible uncertain emissions 

that could occur in the absence of a carbon price. It is calibrated against Europe-wide scenarios of EU 

ETS emissions produced by the POLES model for DECC (DECC, 2013a). This was done because it 

brings the model into line with the same baseline assumptions used in the DECC short-term carbon 

pricing model. In addition to carbon emissions, the POLES scenarios provide figures for total power 

generation from different sources (coal, gas, nuclear renewables etc.) which allow calculations of the 

abatement potential for additional low-carbon options. The calibration was done by matching the 

capacities of different plant types (coal, gas, nuclear, renewables etc) to that in the POLES baseline, 

and then fixing utilisation rates for plant to match overall emissions levels for each 5-year period. 

 

As can be seen in Figure 4, the expected baseline emissions already reduce quite strongly, even in 

the absence of a carbon price signal during the period to 2020 because of a strong decline in coal 

usage over this period related to other environmental regulatory effects. This trend away from coal 

subsides after Year 20, leading to a flatter emissions profile thereafter. This means that under the 

‘loose’ cap scenario, in the deterministic case, there is very little if any abatement required until 

beyond Year 20, whereas the more ambitious scenarios show net demand for abatement sooner than 

that.  
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Nevertheless, the steep decline in expected baseline emissions provides an interesting context for the 

discussion about future abatement targets, which need to be quite strongly declining in order to stay 

below current projections of business-as-usual emissions.  

 

In addition to the three cap scenarios presented in Figure 4, scenario 2 is also introduced as a 

stochastic cap scenario in which the cap after Year 10 could follow any straight-line trajectory that 

lies in the range between the loose and tight caps. Scenario 2 represents the policy uncertainty that 

the EU ETS could be facing after 2020; the post-2020 emission reduction targets have not been 

decided upon yet and no cap for the EU ETS has been fixed. This shows the hypothetical situation 

where the cap after 2020 could be anywhere between the “loose” and “tight” cap scenario.  

 

This represents another level of uncertainty in the model regarding the actual level of the cap itself, 

and arguably is akin to current conditions in the EU ETS. The expected17 (average) value and 

standard deviations for the modelled carbon price for these four cap scenarios are shown in Figure 5.  

 

In this modelling work, we performed 1000 Monte Carlo runs of the model for each scenario. Each 

run gives a different value for the carbon price for each 5-year period. The average or expected value 

is simply the mean of these 1000 results. The variation in carbon prices across these different Monte 

Carlo runs is taken to represent the degree of a priori18 uncertainty that market participants face for 

each cap scenario. This uncertainty is therefore measured by calculating the standard deviation in 

prices across the 1000 runs (shown in the right-hand plot of Figure 5).  

 

 
Figure 5  Average and standard deviation of the carbon price in real terms under different scenarios based on 

1000 Monte Carlo simulation runs 

 

In absolute terms, the range of modelled carbon prices increases over time, but it should be 

recognised that this is against a background of expected increases in carbon prices. In percentage 

terms, the range of carbon price actually drops over time as shown in Figure 6. It is also apparent 

                                              
17 i.e. The expected value is the average across many realisations of stochastic variables.  
18 i.e. The degree of future price uncertainty that participants face, as viewed from the current time period (Year 0) 
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from Figure 6 that the level of uncertainty in percentage terms is highest for the loose cap scenario. 

Even in absolute terms, the degree of variation in carbon price is not that much less for the loose cap 

scenario than it is for the medium and tight cap scenarios. This suggests that moving towards more 

stringent caps does not necessarily mean moving towards higher levels of uncertainty, and backs up 

evidence from the previous section regarding the views of stakeholders that just because we are 

currently in a low-carbon price setting does not reduce uncertainty about future carbon prices (also 

see Section 4). 

 

 
Figure 6 The standard deviation of the carbon price relative to the average carbon price in each year for the 

different scenarios based on 1000 Monte Carlo simulation runs 

 

Unless an international climate agreement is reached, or policy makers change the EU ETS Directive, 

the cap is fixed until 2020. It is not yet known how the EU ETS will look after 2020, and with that 

there is a significant uncertainty about the cap trajectory. By default after 2020 the cap trajectory 

continues at the same rate as pre-2020, linearly decreasing by 1.74% every year, but the general 

expectation is that this trajectory will change. In the discussions with stakeholders in this study, 

many indicated that the carbon price uncertainty after 2020 is in particular marked.  

 
5.3.2 Cap trajectory gateway limiting post-2020 policy uncertainty 

One option for reducing future uncertainty over the level of the cap is to set a target ‘gateway’ which 

sets bounds on the range of the cap, with a defined process and pre-determined review date at which 

the cap will be set. This is modelled by scenario 3, where the stochastic cap scenario is modelled so 

that the cap can only vary within a narrower range of trajectories as shown in Figure 7. In order to 

assess the effect of this option, the expected level of emissions reductions (i.e. mid-point of the 

range) are kept the same as for scenario 2 (stochastic cap scenario). This allows the expected level 

of the cap and average carbon price trajectory for the two scenarios to be roughly equal, isolating the 

effects on uncertainty.  
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Figure 7 The cap trajectory of the stochastic cap scenario with and without a trajectory gateway 

 

Whereas the full stochastic cap scenario allows a variation in the annual cap reduction that spans the 

full range of the loose and tight scenarios (from 1.74% to 3.5% annual reduction vs Year 0 

emissions), the ‘gateway’ scenario halves this range so that the rate of reduction in the cap is 

somehow guaranteed to lie in a range 2.2% to 3%. Again, this is not intended to reflect any 

particular politically realistic option, but rather to reflect a symmetrical reduction in the overall range 

in order to look at the impact on price uncertainty. The result is also shown in Figure 8. 

 

 
Figure 8  Impact of imposing a trajectory gateway for future emissions caps on carbon price uncertainty 

 

Narrowing the future range of the cap has rather little effect in these model results until the later 

years. This result is rather surprising, since in the comparative static analyses (see Annex III), the 

sensitivity of carbon price to cap uncertainty appears to be high. Yet when all stochastic variables are 

allowed to vary together in these results, limiting cap uncertainty does not look particularly effective 
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at reducing the range of carbon price outcomes in the model. This deserves more investigation to see 

how impact of this policy option varies depending on the initial conditions of the market.  

 

Nevertheless, even these long-run impacts could have important effects when they are translated 

into the equivalent level of current price signal, as shown below. This policy option therefore deserves 

further consideration.     

 

Hypothetical design and practical implications of a trajectory gateway 

A trajectory gateway provides a minimum and maximum trajectory of the cap. This would be similar 

to the early design versions of the Australian ETS. The Australia Carbon Pollution Reduction Scheme 

was designed with a five year rolling cap, followed by a ten year trajectory gateway, which was 

based on future GHG emissions reduction ambitions. In the EU ETS this could potentially be based 

on the low carbon roadmap for 2050 by the European Commission, which sets out the ambition to 

reduce emissions to an 80 to 95% by 2050 compared to 1990 levels (European Commission, 2011). 

The relative contribution of the ETS sectors to this contribution, and therefore the EU ETS cap, is 

still unknown. Under the current linear reduction trajectory of the cap of 1.74%, the EU ETS will 

achieve -71% emissions reduction vs 2005 emissions (EEA, 2013b). This corresponds to an 

expected 40% achievement of the minimum 80% GHG emission reductions by 2050 (Öko-Institut, 

2012). The trajectory gateway could be based on a range of expected contribution by the EU ETS to 

the 2050 emissions reduction ambition. 

 

If a trajectory gateway would be implemented from 2020 and no change to the cap occurs before 

that period, this would mean that the supply of allowances up to 2020 is fixed whilst reducing the 

level of uncertainty about supply after this period. With more certainty about the quantity of the 

allowances in the future, companies may feel more confident about how to value current allowances 

which in turn could help companies in their planning regarding abatement, banking and hedging 

strategies.  

 

Since the trajectory gateway sets a minimum amount of allowances, one step further to provide 

certainty in the allowances on the market is to already create the allowances equal to the lower limit 

of allowances.19 This would provide more certainty on these allowances to be delivered to the 

market. Such an approach could potentially be combined with a managed release of additional 

allowances (up to the higher limit of allowances) managed by a form of a central bank. This would 

constitute a hybrid approach between setting the long-term cap trajectory and tactical short-term 

interventions that could respond to various triggers as discussed later in this report.  

 

Even such a late impact on the price range could have important impacts when banking of allowances 

is taken into account. The model represents a snap-shot of the marginal cost of abatement given a 

particular balance of supply and demand in a particular year, assuming any carry-over of allowances 

                                              
19 From discussions with an academic in this field.  
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from previous years is completely used to cover the emissions in that year. In reality however, since 

carbon allowances can be banked with virtually zero cost of carry, current spot prices in the EU ETS 

should reflect discounted expectations about future prices. This occurs through discounting of the 

expected future prices to current prices at some appropriate risk-adjusted discount rate. If we take 

the carbon price variation itself as a measure of risk, then a lower range of carbon prices in the future 

would imply a lower discount rate. This in turn would affect the emissions trajectory. 

 

This change in discount rate has been calculated for the two different carbon price ranges in Year 30 

shown in Figure 8. The full stochastic scenario has an implied discount rate of 8.7%, and the 

trajectory gateway scenario has an implied discount rate of 5.5%. Applying these to a smoothed price 

trajectory (assuming perfect banking behaviour), and an adjusted emissions profile (i.e. with higher 

levels of abatement in the earlier years under the trajectory gateway scenario reflecting the higher 

prices) gives price trajectories adjusted for banking as shown in Figure 9. The implied price in Year 0 

is €27/tCO2 in the trajectory gateway scenario, compared to €13/tCO2 in the full stochastic scenario.  

 

This indicates that reducing uncertainty over the future carbon cap trajectory could in principle have 

significant impacts on carbon prices because of the banking effect. This could increase incentives to 

invest in low-carbon technologies because of the greater translation of expected higher carbon prices 

in the future to current prices. In other words, reducing uncertainty raises short-term carbon prices, 

and provides a higher NPV to low carbon investments.  

 

 
Figure 9  Carbon price trajectories based on banking of allowances under different risk-adjusted discount rates 

 

In practice, market participants probably do not base current price estimates on expectations so far 

in the future. The relatively small impact of narrowing the trajectory gateway on carbon price ranges 

in the intermediate years also suggests that perhaps the size of this effect might be an upper 

estimate. However, we have only had time to investigate a relatively small subset of the parameter 

space in this study. For example, it is likely that the different drivers would have different relative 

impacts if the gap between the baseline and the caps were larger, in which case we might see a 
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stronger effect of restricting the range of the cap variation in these earlier years. Further research 

may therefore be warranted on this effect, especially since results from the literature review suggests 

that certainty about the cap can drive investments. Martin et al. (2011) finds a significant positive 

association between the expectations firms hold about the future stringency of their cap and “clean” 

innovation as discussed in Section 4.3.2. 

 
5.3.3 Cap-setting approaches linked to fuel prices 

Gas price uncertainty often drives both carbon and electricity price uncertainty. Policies could in 

theory counteract this impact by using fuel price variation as a trigger for intervening in carbon 

markets. In this section, we look at the potential to use these kinds of active interventions in the 

carbon market to reduce variations in electricity price. 

  

One of the key drivers of electricity price risk is fuel price, and in particular gas price risk. This also 

affects carbon prices as the power generation sector emits about 60% of the emissions in the EU ETS 

(Eurelectric, 2013) and the industry sector uses gas as well. Some empirical studies suggest that 

carbon price increases as gas price increases (e.g. Alberola et al., 2008; Hintermann, 2010), 

reflecting the increase demand for gas as a result of switching out of coal as an abatement option at 

higher carbon prices. However, the modelling work undertaken for this study shows a second 

influence of gas price variation. At relatively low gas prices, this proportional relationship between 

gas and carbon price holds true. However, at higher gas prices, the reverse seems to be the case. 

Once carbon and gas prices, increasing together, reach a certain critical level, this triggers a switch 

into low-carbon generation sources such as renewables and nuclear on its own, resulting in a 

decrease in the required allowances to cover the emissions from gas-fired power generation and 

therefore a decrease in carbon price. This double-trend relationship shows up in Figure 10, which 

shows the carbon price and gas price in Year 30 under 1000 different runs of the model. 
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Figure 10  Relationship between carbon price and gas price for Year 30 under 1000 Monte Carlo simulations 

 

This relationship leads to an interesting hypothetical (though politically unfeasible) option of adjusting 

the ETS cap in response to fuel prices, which is modelled by scenario 4. In a high gas price world, one 

might consider relaxing the ETS cap in order to ease overall economic impacts as the gas price is 

sufficiently high to stimulate low carbon investments on its own. On the other hand, in a low gas 

price world one might consider tightening caps in order to benefit from the cheaper-than-expected 

cost of switching away from coal, and in order to support the economics of low-carbon generation 

sources. 

 

To illustrate the impact of linking the cap to fuel prices, the distribution of the carbon price 

uncertainty in the fixed cap scenario is compared with the cap linked to gas prices in Figure 11a20. 

 

 
Figure 11 Impact on carbon price distributions of adjusting emissions cap in response to gas prices 

 

The modelled carbon price distribution is much wider when the cap is linked to fuel prices than for the 

standard loose cap scenario. This means that uncertainty in the modelled carbon prices is 

considerably increased. This occurs because tightening the cap requires more low-carbon 

technologies. Doing this when gas prices are low results in a particularly high carbon price required 

for low-carbon technologies to breakeven. Conversely, loosening the cap when gas prices are high 

relaxes the need for a switch to low-carbon technologies at a time when the economics of low-carbon 

plant look relatively attractive (because of the high gas price). This results in a low carbon price in 

the model. The impact on electricity prices however is the reverse, as described in the Box below.  

 

                                              
20 Note that the gas price trajectory in the model is set once at the beginning of each Monte Carlo run. Therefore, the adjustment to carbon 

caps is not a response to short-run gas price volatility, but rather to long-run structural shifts in pricing. In reality, recognising whether or 
not these have occurred may be challenging. 
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Hypothetical implementation and practical implications of cap linked to fuel prices 

In the implementation of linking the cap to fuel prices either the past fuel price or future fuel price 

projections can be used. A fuel type would also have to be chosen, which could be e.g. gas. The 

supply of allowances in the system can either be adjusted through adjusting the amount of free 

allowances or the amount that would be offered at auctions, where the risk of fuel price uncertainty 

in the former option would be put at the firms and in the later at the revenue governments receive. 

 

This does not necessarily mean that linking the cap to the fuel price has a negative impact on 

operational costs and investments. As discussed in Section 3.5, energy price uncertainty is also one 

of the key drivers. The model is capable of showing the impact on the electricity price uncertainty 

resulting from different cap-setting options as well, based on the electricity generation’s short-run 

marginal cost (SRMC) in the model. This is shown in the figure below. 

 

Figure 12  Impact on electricity price distributions of adjusting emissions cap in response to gas prices 

 

Whereas the model shows a significant increase in uncertainty in modelled carbon prices in this cap-

setting approach, at the same time linking the cap to fuel prices significantly reducing uncertainty in 

electricity prices in the model. This hypothetical case shows that carbon price uncertainty and 

electricity price uncertainty do not necessarily correlate with one another. Other runs of the model 

show that actively managing carbon caps in this way leads to lower electricity price uncertainty even 

compared to a fixed carbon price. A clear disadvantage however is the much wider range of 

uncertainty created for the carbon price under this option.  

 
5.3.4 Cap-setting approaches under a surplus trigger 

While the previous sections looked at various approaches to reduce carbon price uncertainty by 

altering the cap trajectory, this section will look into the impact of intervening in the carbon market 
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when the supply is much larger than the demand. The difference between the two is the surplus, and 

this cap-setting approach is of particular interest since the EU ETS is currently experiencing a large 

surplus in the market. 

 

Policy options could therefore be used to provide a less direct way to reduce uncertainty about carbon 

prices when the market is oversupplied by adjusting the supply of allowances based on the amount of 

surplus in the system. Some indicator would be needed to identify the degree of oversupply and the 

size of the intervention that would be appropriate. In scenario 5 the impact of such an intervention 

based on a surplus trigger is modelled and the withdrawal of allowances is assumed to go into a 

reserve to be re-injected at a later date if the market balance is restored. In these model runs, a 

surplus occurs whenever the baseline emissions are lower than the cap in a particular year. This 

surplus is assumed to roll forward to the next modelling period, and contributes to the supply of 

allowances in the following period. The degree of surplus in the system is therefore an important 

contributor to prices because it affects the balance of supply and demand over a considerable time 

period.  

 

The surplus is taken to be the unused allowances that arise in a particular year when supply is 

greater than demand, combined with cumulative unused allowances carried over from previous years. 

This includes any surplus allowances that were assumed to be in the system as an initial starting 

condition in Year 0. As previously discussed, this initial level of surplus has been reduced in the model 

compared to actual levels in the EU-ETS for purely modelling reasons in order to bring forward the 

time when there is expected to be scarcity in the system.  

 

The size of the surplus that triggers such an intervention, as well as the size of the intervention itself 

have been chosen in a way to show a significant difference in the carbon price uncertainty compared 

to the fixed cap scenario; any surplus level above 5% of the overall cap in a given year is withdrawn 

from the system and the maximum cumulative size of the reserve is taken to be 1000 MtCO2. The 

potential for surplus supply in the model occurs particularly in Year 0 since the system is assumed to 

start slightly oversupplied, as well as in Year 15 and 20 when there is a small gap between baseline 

emissions and the loose cap case under deterministic conditions.  

 

The model is limited in a way that it can only partially show the impact of a surplus triggered reserve 

on the carbon price uncertainty as it does not include banking behaviour of participants in the 

system. In the model (and in a market with no banking), a surplus means that there are sufficient 

allowances to cover the emissions and no abatement in required. Since the level of required 

abatement determines the carbon price, a surplus in a given year would result in a zero carbon price 

in the model. In reality with banking, the carbon price is not determined just by current supply and 

demand, but by expectations of the future as discussed in Section 4 and is higher than zero even if 

the current market is oversupplied. Furthermore, in the model the periods are 5 years long, so the 

impacts of a rather crude control mechanism are assessed whereby the supply of allowances is 

reduced in the current 5-year trading period if the previous period was oversupplied.  
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Decisions about what level of surplus would trigger such an intervention would no doubt be 

contentious. Nevertheless, measuring the surplus is at least straightforward, and it is possible that 

consensus could be reached about when to intervene. Judging when to release the withdrawn 

allowances back into the market would however be at least as contentious, and arguably harder to 

identify suitable trigger points. Since the EU ETS can never (in principle) go short of allowances, 

there will always be some level of surplus. The level of surplus will depend on the amount of 

allowances that firms bank from one year to the next. Release of allowances back into the system 

based solely on a measure of ‘tightness’ of this surplus would be difficult. Under normal conditions, a 

low level of surplus might indicate a tight market, short of allowances, with a need for intervention to 

prevent prices going too high. But this need not necessarily be the case. For example, a low degree 

of surplus in the system might indicate a lack of banking because firms did not expect future prices to 

rise significantly (for example in a state of the world where nuclear and renewable prices were 

unexpectedly low, and gas prices unexpectedly high) In these circumstances, there would not be as 

much incentive to create additional surplus by abating more in the short-term as a hedge against 

long-term price rises. Releasing additional allowances into such a market condition would not have 

the same effect that might have been intended under expected conditions of tight supply.  

 

In practice, decisions about re-release of allowances  into the market might therefore benefit from 

making some reference to carbon price as an indication of market tightness, although t his would 

require some reference to an expected or desired carbon price trajectory. 

 

We therefore use a price reference for triggering re-release of allowances. This is also because we 

cannot represent a surplus-triggered re-release of allowances in the model. This is because (unless 

baseline emissions are lower than the cap), the model balances emissions to exactly equal the cap, 

so that there is no surplus. For this reason only a hybrid approach with a price trigger for 

reinstatement of allowances can be modelled. The carbon price trigger is described in more detail in 

the next section. 

 

The impact is shown in Figure 13. It can be seen that supply-triggered interventions based on a 5-

year retrospective review lead to a significant danger of overshoot in expected carbon price in the 

model and there is a large uncertainty in what the overshoot could be. If allowances are removed 

from the current trading period in response to an oversupply in the previous period (without regard 

to the balance of supply and demand in the current period), then carbon prices could go 

unnecessarily high. In the consecutive period the carbon price swings back at to the original 

trajectory, because the additional abatement effort required due to the withholding of allowances is 

only required for the years the allowances are withheld. If the removed allowances are assumed to 

re-enter the market at a later date, prices swing downwards again. This leads to a more fluctuating 

expected price trajectory, as well as greater uncertainty, particularly in years consecutive to the year 

where allowance removal is most likely to occur. 
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Figure 13  Impact of supply interventions triggered by surplus in previous 5-year period in the loose cap scenario 

(left) and the stochastic cap scenario (right) 

 

In reality, this risk of overshoot would be much less pronounced, and perhaps might disappear 

completely if rebalancing occurred more frequently (e.g. every year rather than every 5 years, as this 

would reduce the risk of allowance removal becoming out of sync with current balance of supply and 

demand in the market). Furthermore, in reality the impact of withholding allowances when the 

market still has a surplus would be smoothed out over the following years, since the carbon price 

would gradually rise with decreasing surplus due to the banking behaviour until the conditions have 

been met to reinstate the withheld allowances. Re-introduction of allowances back into the market 

over a longer time period could also help to smooth the price impacts.  

 

Alternatively, instead of a purely retrospective design, this type of intervention could also take into 

account information about expected balance of supply and demand in the current period or near 

future. This could then be included in assessing whether or not to remove allowances from the 

market. As a result of the limitations outlined above, the results depicted in Figure 13 above are not 

able to accurately capture the likely effects that supply interventions may have on the carbon price in 

reality. 

 

Whilst a more refined review process would reduce the problem of overshoot, it is not clear that this 

type of intervention brings any particular benefits in terms of price certainty. Essentially this type of 

surplus-triggered system reproduces a kind of smoothing out over time of supply. The difference with 

a system without intervention is that the smoothing out is achieved by a body tasked with managing 

supply of allowances instead of in the market by private actors when they bank allowances from one 

period to another. Rule-based interventions that replicate banking will presumably be incorporated 

into the banking decisions of firms (assuming the rules are transparent enough to allow price 

implications to be calculated). Interventions based on political decisions would also be incorporated, 

albeit less accurately as market players would have to interpret or guess the outcome of any 

decisions made by the decision-making body tasked with managing supply of allowances in this way. 

It is not clear that any rule or decision-making body would have more or better information to 

perform this function better than the market itself The precise design of this type of mechanisms 
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would determine the extent to which it really mimics banking behaviour, or supplements it at the 

extremes i.e. when triggered..  

 

 

 

Hypothetical implementation and practical implications of a surplus-triggered reserve  

The implementation of a system with a surplus-triggered reserve can be done in various ways: 

• Allowances can be withheld from and reinstated through auctions 

• A central body can actively buy and sell allowances on the market 

 

In both design options the size of the reserve and the trigger levels need to be set in advance and 

determined in a transparent way to limit any policy uncertainty that market participants may 

perceive.  

 

In the EU ETS withholding and reinstating allowances through auctions could either mean that each 

Member State would have to adjust their auctioning volume according to the surplus in the system 

or at least part of the current auctioning power would have to be transferred to one central body 

controlling the reserve. In both cases it would mean that the auctioning timetable for the portion of 

the allowances going in or out of the reserve would have to be adjusted according to the surplus.  

 

If the surplus-triggered reserve would be implemented through a central body that can buy and sell 

allowances, this could be in a similar form to the European Central Bank. At least part of the 

auctioning power would be transferred from the Member States to the central body, which is allowed 

to buy and sell allowances under certain predetermined conditions. These conditions would have to 

be transparent and clear. Implementation through a central body may be politically difficult to 

achieve as consensus would have to be reached on a number of operational issues. These issues 

include the size of the fund both in terms of purchasing power and number of allowances that can 

be held. Agreement would also be needed on how to divide up the auction revenues between 

Member States, and on some of the triggers/thresholds for making certain decisions. The sum of 

these decisions would be equivalent to transfer some elements of financial decision-making, 

currently held by member states, to a central body. 

 

For firms the difference between the two options is that in case of implementation through 

auctioning, allowances can still be bought at the same place. With a central body this would 

introduce a new player in the market, which can either trade allowances through exchanges, 

intermediaries or bilaterally with other firms. This must be carefully designed as it could introduce 

short-term volatility into carbon prices if a large volume is traded by the central body over a short 

time period.  

 

Stakeholder consultations held by the European Commission on intervention in the EU ETS through 

backloading and structural reform show that generally the power sector is in favour of intervention to 

achieve a credible carbon price, while the industry sector largely sees any action taken to reduce 
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carbon price uncertainty now as unwanted policy intervention (European Commission, 2012d; 

European Commission 2013a). This was also reflected in the discussions with the stakeholders in this 

study. Some of the workshop participants also thought that if the rules of a supply-triggered system 

are set in advance and clear to the participants, such a system could deal with challenges posed by 

an economic downturn. The interviewed party from the power sector had a strong preference for such 

a system, as it could support a higher credible carbon price required for low carbon investments. To 

avoid a downswing of the price, the power firm also indicated that these allowances could be 

permanently cancelled instead of reinstated at a later date. Workshop participants from the industry 

sectors stated that more details would be required to form a judgement on this approach and 

expressed some concerns about how any intervention would be implemented. These participants 

were particularly concerned about which allowances would be cancelled and whether or not their free 

allocation would be affected.  

 

Despite the confidence of some stakeholders, the modelling results provide no indication that a 

supply-triggered option would significantly reduce carbon price uncertainty. This corresponds with the 

feedback from one of the academic experts that stated that various flexible cap-setting options would 

not give much carbon price certainty beyond uncertainty caused by unexpected persisting shocks, 

unless the rules are dictated by price.   

 

However, the model results are rather limited in this regard. It is possible that a system that could 

take a prospective view of the expected future supply and demand balance might function better than 

indicated here. A system that allowed the cap to be reviewed in light of unexpected shocks could 

reduce policy uncertainty by setting out clearly the terms of any rebalancing. It does not guarantee 

that the price would remain within a particular range, but it could prevent the build-up of surplus 

following dips in economic activity, such as those experienced during phase 2 of the EU ETS. 

 
5.3.5 Cap-setting approaches under a carbon price trigger 

Adjusting the cap and thus the supply of allowances if the carbon price is too low or too high, has 

been widely considered in literature as evident from Section 5.2.3. Intervening in the market when 

the carbon price reaches certain levels is the most direct way to limit the carbon price uncertainty 

within a certain range. 

 

Using the carbon price itself as a trigger for changing the supply of allowances in the market is 

equivalent to establishing a price floor or ceiling. In the model, the carbon price floor / ceiling triggers 

in scenario 6, 7 and 8 are based on a range of ±50% around a price trajectory derived from long-run 

(i.e. Year 30) expectation value of carbon. The long run expectation value is discounted back to 

current prices to give a smooth price trajectory for the trigger price. If there is no limit to the number 

of allowances that can be removed or added to system under this kind of intervention, this creates a 

firm bound on prices.  
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The price floors are tailored to the particular cap trajectory scenario Figure 14, so in the loose cap 

case, the price floor in Year 0 is €5/tCO2, and in the stochastic cap case is €10/tCO2, these values 

being 50% of the discounted present value of expected prices in Year 30 under the two scenarios.  

 

 
Figure 14 The price floor and ceiling levels under the different cap trajectory scenarios 

 

Clearly, the impact of these price floors and ceilings depends on the values chosen. A tighter range 

between the floor and ceiling leads to a tighter range in carbon price outcomes (i.e. a greater impact 

on reducing uncertainty). What this range will be is a policy decision. In the extreme, if floor and 

ceiling price is set at the same level, then carbon price trajectory would be fixed (i.e. equivalent to a 

tax). The only remaining risk factor would be policy-risks of possible future changes to this carbon 

tax rate. 

 

For the values chosen here, we now look at the impacts on results. First the impact of having a price 

floor on the fixed cap (scenario 1) and stochastic cap (scenario 2) is investigated in scenario 6, where 

allowances are temporarily removed from the market during periods of oversupply in order to bring 

carbon prices up to the floor level. These allowances may be reinstated later in the modelling horizon 

if market equilibrium prices subsequently rise above the floor level. Results are shown in Figure 15.  

 

As expected, the price floor increases modelled carbon prices in the early period when the market is 

oversupplied. Because the floor is implemented by removing allowances and carrying them forward to 

later years, the expected price in the final years is somewhat lower under the price floor scenario.  
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The price floor is moderately successful at reducing the range of carbon prices in the model. It 

appears to be most effective during intermediate years when expected prices are beginning to rise, 

but would otherwise still be at risk of dropping to zero under stochastic conditions without the floor. 

For example, in the stochastic cap case in Years 10 and 15, the standard deviation in carbon price 

drops from 75-85% down to 45-50% of expected value.  

 

 
Figure 15 Impact of carbon price floor under fixed loose cap scenario (left) and stochastic cap (right). Error bars 

show the average standard deviation. 

 

In the case where the price floor is tailored to the cap scenario, the question of whether allowances 

are 1) permanently (scenario 8) or 2) temporarily (scenario 6 and 7) removed does not make much 

difference to the results. With permanent removal, the expected price under the price floor scenario 

remains higher than expected prices without the floor, but the difference is in any case relatively 

small.  

 

The price ceiling in scenario 7 and 8 are set at +50% of the smoothed price trajectory whilst slightly 

constraining the upper end of the price distribution. The impact on the carbon price uncertainty did 

not particularly show differences with the floor price scenarios, so these results will not be shown 

separately. 

 

Hypothetical implementation and practical implications of a price-triggered system 

Many designs for a system with the carbon price as a trigger for intervention can be found in 

literature and in various ETSs around the world with an extensive list provided in Table 4. Different 

methods of implementing a price-triggered system include: 

• Allowances can be withheld from auctions if the bidding price is lower than the auction 

reserve price and reinstated through auctions if the market price is higher than a price 

ceiling.  

• A central body can buy and sell allowances on the market at a certain price 

• Allowances are only allowed to be traded between certain price limits through market 

regulations 



 

MARUK14255 │ TRN 666/08/2013 76 

• A supporting tax equivalent difference between the market price and floor price is 

implemented if the price is too low, and a tax discount is implemented if the price is too high 

 

In the first two design options the amount of allowances on the market is directly modified to obtain 

the desired price. This can be either permanent, through cancellation and reinjection of allowances, 

or temporary by putting withheld allowances in a reserve (banking) to be reinstated when the price 

ceiling is reached. In the latter two options this is the other way around, where the price triggers 

cause in an adjustment of the amount of allowances on the market and any surplus is banked by the 

market participants. Essentially the different design options should yield the same carbon price 

certainty, but will be very different in terms of implementation.  

 

In any case, if there are not enough allowances in the reserve or on the market, either the price 

ceiling cannot be held (soft price ceiling) or the environmental integrity of the system would need to 

be comprised to generate more allowances (hard price ceiling). The same applies to the price floor if 

a limit is put on the amount of allowances that can be held back, resulting in a soft price floor. 

 

Out of the four design options, holding back allowances through auctions will be the slowest in 

adjusting the market price to the floor price. Adjustment of the volume of allowances on the market 

is dependent on the demand, and as long as the surplus on the market is very large, there is no 

demand for the allowances at the floor price. This disadvantage does not occur when reinstating 

allowances through auctions at the price ceiling as there is sufficient demand at the ceiling price. 

This form of a price-triggered system is used in California, Quebec and RGGI in combination with a 

limited reserve (Ecofys, 2013). Such a system would also have to address potentially serious 

problems of gaming the system. For example, market players might artificially create a price spike 

to prompt the release of allowances into the market (Hepburn et al. 2006). In the EU ETS price 

control through auctions could mean transferring a part of the auctioning power to a central body to 

manage the reserve as discussed in the hypothetical implementation of a surplus triggered system.  

 

The market price can be adjusted to the price triggers faster if a central body actively participates in 

the market. This would be similar to the central body function as discussed in the hypothetical 

implementation of a surplus triggered system, with the only difference that the central body will buy 

or sell allowances until the market price is within the limits of the price triggers or when it runs out 

of funds. The allowances need to be sold or bought in a non-discriminatory fashion to prevent 

market manipulation. The central body can also take on a passive function. This means that instead 

of actively trading allowances on the market to control the price, firms can directly buy allowances 

at a fixed price from the central body for compliance. This would effectively be the price ceiling and 

is implemented in the ETS in Australia and New Zealand (Ecofys, 2013). In the fixed price period in 

Australia firms can also sell back their allowances at a fixed price to the central body (Australian 

Government, 2013b), which would act as a price floor on the market. 

 

If the price is directly restricted through regulations on e.g. exchanges, participants would bank any 

allowances that have not been sold within the price band. This would also be the case for the body 
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that manages the auctioning of allowances. The auctioning body would behave in a similar way as 

the other market participants; any allowances that are not auctioned off will be banked. If all parties 

run out of allowances while there is still demand and no borrowing or unlimited reinjection of 

allowances is allowed, this would mean that firms without allowances would have to reduce their 

emissions against a much higher costs than the price ceiling or face a penalty. 

 

The effective carbon price that firms in an ETS experience can also be regulated by implementing a 

supporting tax system outside the regulations of the ETS. This tax system would have to 

complement the difference between the market price and the price floor or ceiling in the form of an 

additional tax or a tax rebate. The additional tax according to a carbon price floor would be similar 

to the UK carbon support rate for electricity generators (HM Revenue and Customs, 2013). The tax 

could undermine the effectiveness of the ETS if this is not implemented equally across all 

participants, as reduction of emissions due to the higher effective carbon price would reduce the ETS 

price elsewhere, allowing more emissions. In the EU ETS this would either mean a harmonised EU-

wide tax, which is politically controversial, or the same supporting taxation system in each Member 

State. The rules for the latter can only be imposed to a certain limit, which may result in differences 

in the effective carbon price experienced between firms in the EU ETS. 

 

In all design options the threshold values could be updated annually: e.g. the auction floor price and 

soft price ceilings in the California Cap-and-Trade Program are increased at a rate of five per cent 

per year plus inflation (ARB, 2012a).  

 

When putting cap-setting scenarios forward in the discussions with stakeholders and experts, the 

interviewed party from the financial sector saw measures such as UK carbon floor price for the 

electricity generation sector as a measure that provides more carbon price certainty, but  only as a 

credible measure in the short term. This corresponds with the view of the interviewed power sector 

firm, which sees a floor price as a short-term solution to give the right price signal for investments. 

Setting the price triggers in a price-based cap will be challenging. This step is one of the reasons 

many interviewed industrial parties were against price-based triggers. The mineral products sector 

representatives stated that selecting a specific price by policy makers is effectively the policy makers 

betting on a particular technology to deliver the emissions reductions saving. It would not be the 

market delivering the most cost-effective measure required emission reductions, undermining the EU 

ETS as a market-based instrument. The political sensitivities can be partially circumvented by price-

triggers based on the price trend rather than price levels as presented by Taschini, Kollenberg and 

Duffy (2013). 

 

Policy uncertainty in price-triggered systems 

In reality, it is difficult to accurately tailor the price floor to the cap scenario when there is uncertainty 

about what the cap will be.  

 

To show the impact of this uncertainty a variation of the price floor scenarios is investigated where 

the price floor is set in accordance with the stochastic cap, but where the actual carbon emissions cap 
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turns out to be low. In this situation, throughout the modelling horizon, carbon prices tend to be set 

by the price floor rather than the balance of supply and demand.  

 

In the case of a mismatch between the price floor and the emissions cap, there is a significant 

difference between implementing the floor through 1) permanent and 2) temporary allowance 

removal. Under a temporary allowance removal, allowances removed from the market each year will 

accumulate over time to a substantial volume of allowances. Since the price floor remains in place for 

the duration of the modelling horizon, in the model these are never reintroduced into the market. 

However, in reality the existence of this large volume of allowances sitting in a government-

controlled account creates a source of policy risk to the market. As prices rise, there may be political 

pressure to release the allowances back into the market, effectively undermining the effect of the 

price floor.  

 

To measure the scale of this potential ‘policy risk’ effect, we show the impact of releasing the full 

quantity of any accumulation of allowances up to a given year back into the market as a ‘shadow 

price’ in Figure 16. It can be seen that prices drop below the level they would have been if the floor 

had not been implemented in the first place. The range of prices expands to its original level, this 

time at a lower base, meaning there is significant risk of prices collapsing to near zero. 

 

 
Figure 16  Impact of releasing accumulated allowances from a price floor mechanism back into market  

 

Price-triggered cap-setting approaches showed an increase in carbon price certainty in the model, 

especially in the years where the gap between projected baseline emissions and cap is small as the 

carbon floor price will be triggered. The carbon price uncertainty also reduced when the gap is very 

large as the carbon price ceiling is triggered. However, if the floor price is much higher than the 

expected carbon price throughout the years and the allowances are not cancelled, the large store of 

allowances could constitute a significant policy risk. A sudden release of the allowances held back 

could cause the carbon price to collapse. This means that even though a carbon price-triggered 

system would deliver the most carbon price certainty, there is an uncertainty in the level of the cap, 

the price trigger levels and whether the floor and ceiling will hold.  
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In the model the policy uncertainty of a sudden release of allowances that were held back was only 

shown for the carbon price triggered scenarios, but in reality this policy uncertainty is also present in 

systems with other types of triggers (i.e. supply and external factor triggered approaches). As long 

as allowances are only temporarily removed from the system and banked, the uncertainty remains 

that political decision-makers decide to suddenly release these held back allowances into the market.  

 
5.3.6 Cap dependent on economic activity 

Adjusting the supply of allowances to respond to demand shocks would remove one element of price 

risk from the carbon market. Arguably, if such a response mechanism had been in place prior to the 

recent recession, then there would not be the same degree of overhang of allowances from Phase II 

into Phase III of the EU ETS, a potential advantage of having flexibility in the supply. 

 

In order to illustrate the impact on carbon price uncertainty of a cap dependent on economic 

development (scenario 9), the fixed cap (scenario 1) and stochastic cap (scenario 2) are run with 

demand for electricity set to a fixed value. Rather than adjusting supply to respond to demand 

fluctuations, we simply turn demand fluctuations off altogether, which has the same effect21. The 

impact is shown in Figure 17. Whilst the expected price trajectory is more-or-less unaltered, the 

range is reduced, particularly in the earlier years. These early periods of the model are when demand 

is one of the more significant risk factors affecting carbon price (see Annex III.2), so adjusting the 

supply of allowances in response to demand fluctuations during these periods has the greatest 

impact. However, taken over the whole modelling horizon, the impact of these interventions seems 

fairly modest, highlighting the fact that demand uncertainty is only one of many risk factors affecting 

carbon price. The impact on electricity prices is even less pronounced, and is not shown here. 

 

 

                                              
21 In practice, it would be difficult to perfectly match supply to demand shocks, not least because the scale of demand shocks do not become 

apparent until emissions data are collected at the end of the year whereas supply through auctions is ongoing throughout the year. This will 
tend to lead to short-term fluctuations in the supply-demand balance which is excluded from these model runs.  
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Figure 17  Impact on carbon price of adjusting supply to demand shocks for loose cap (left) and stochastic cap 

(right). 

 

Hypothetical implementation and practical implications of a cap dependent on economic 

activity 

A cap under economic activity could be linked to macroeconomic indicators such as the gross 

domestic product or value added. This can be done either based on past indicators or projections of 

future indicators similar to scenario 4 with the cap linked to fuel prices. 

 

A cap linked to economic indicators would mean that in times of low economic activity the cap would 

be more stringent, resulting in less emissions. In times of growth in economic activity, the cap 

would be relaxed and emissions would be allowed to increase more. For firms this would mean that 

economic growth would not be restricted by high carbon prices.  

 

The economic link would prevent the build-up of surplus of allowances following a recession, as was 

recently the case in the EU ETS. With a direct link to the economy, rather than a measure of 

surplus, the impact of the reduced economic activity alone can be used to adjust the supply of 

allowances..  

 

However, from a compliance point of view this seems counterintuitive. Without a link to economic 

activity, and under a fixed carbon price, the carbon price is pro-cyclical with the economy; with a 

fixed cap in terms of low economic activity, firms have less income, but because of low carbon 

prices also face less costs. When the economy grows, firms will have more income and capital, so 

carbon costs also play a smaller factor, even when carbon prices are high. By linking the cap to the 

economy, this will no longer be the case and the EU ETS may be less effective at stimulating 

investment in low carbon activities during good economic times, than otherwise would be the case. 

To mitigate the potential negative impact on investments, adjustment of the cap could be limited to 

extreme situations when the economy remains slow for a long period, just like the current situation 

since the economic crisis from 2008. 

 

Furthermore, for a sustainable low-carbon economy emissions would have to be decoupled from 

economic growth. By linking the cap to economic development, this long-term goal would be 

undermined.  

 

A couple of the interviewed industrial parties showed some interest in a cap dependent on economic 

development. Some stated that if the cap was designed to respond to economic developments, there 

would not be a problem of a surplus at the moment and the carbon price would be more in line with 

the general expectations for the carbon price at the start of the EU ETS. The model shows that indeed 

by making the cap dependent on economic development, the carbon price uncertainty reduces 

somewhat. This is in particular the case when the gap between the cap and baseline emissions is 

small, such as in the early years and under a loose cap when demand uncertainty is a stronger 

driving force of carbon price uncertainty (see Appendix III Figure 19). Furthermore, as pointed out by 
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the interviewed power sector firm, a cap dependent on economic activity would not make sense if 

economic growth should delink from emissions in order to go to a low-carbon sustainable economy. 

 

In the conclusions of this study, in the following Chapter, we will explore the ways in which this 

modelling exercise can help policy-makers assess the value of these different cap-setting options in 

terms of carbon price uncertainty, and also in general terms. We will also connect this story of 

flexible cap-setting back to investment decision-making, as discussed in the previous chapters of this 

report.  
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6 Conclusions 

 

This study is primarily concerned with carbon price uncertainty, its impacts on investment decisions, 

and the potential for addressing it through changes in cap-setting design to the EU ETS. The study 

has used a combination of literature review, discussion with stakeholders and additional modelling to 

investigate these questions. 

 

The research highlighted a contradiction about the role of policy certainty in investment decision 

making. On the one hand, it appears that despite the apparent importance of policy certainty, the EU 

ETS-related flexible cap-setting options for restricting carbon price uncertainty will have rather small 

impacts on investment decisions in the short-term, through the impacts on carbon price uncertainty 

specifically. This is because: 

 

1. Policy design around cap-setting in the EU ETS only addresses one of several factors that 

causes carbon price uncertainty. The wider set of uncertainties around EU climate policy, 

and even broader policy, collectively represents a significant risk factor for energy-

intensive industry and the power sector 

2. Carbon price uncertainty is only one of several factors affecting electricity price 

uncertainty22 which is a larger component of risk to electro-intensive firms that carbon 

price itself; 

3. For energy-intensive industrials, carbon cost and volatility in the carbon cost,  (as 

opposed to price) is currently seen as the main risk. With free allocation, firms are 

currently largely protected from price variation (although highly exposed to policy risk 

around changes to free allocation rules) 

4. Nearer term carbon price and carbon price uncertainty in the near term is currently seen 

as a relatively insignificant factor in investment decision-making. Although the current 

status may relate to low carbon prices, this may not be the only explanation for this 

observation. 

5. Despite the significance of overall policy risk over the long-run, the evidence gathered 

during this project regarding the options for reducing uncertainty is limited to a particular 

type of intervention in the EU ETS.  

 

On the other hand it is clear that over a longer-term perspective, policy certainty is very important to 

investment decision-making and that uncertainty related to policy issues, including but not limited to 

the EU ETS, play an important role in decision-making. The different perspectives depend on the type 

of investment being made, and the type of company. This suggests that a one-size-fits-all policy 

                                              
22 See Annex III.2 
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solution will be difficult to find. Some further elaboration of these high-level conclusions is provided 

below.  

 

Carbon: Cost or opportunity?  

The industrial sectors overwhelmingly consider carbon costs rather than carbon price, which is partly 

a result of the high quantity of free allowances available to firms, relative to their current need. This 

perspective may change in the future, but it currently means that there is only limited exposure to 

carbon price uncertainty. At present, energy costs remain the primary driver of emissions abatement 

investments, which mostly come in the form of energy efficiency improvements. It is therefore not 

surprising that energy costs and uncertainty in future fuel prices are crucial in strategic investment 

decisions, and that carbon price and its uncertainty are only seen as a subset of these uncertainties. 

Any action taken to reduce carbon price uncertainty now is likely to be seen more as unwanted policy 

intervention rather than an action contributing to carbon price certainty.  

 

In contrast to the industrial sectors, the power sector sees energy costs as a driver for investment. 

This attitude is also reflected in the power sector’s perspective on carbon prices, which are also seen 

as a potential driver for investment. However, currently carbon prices are too low to have any 

influence. Overarching policy and regulation in different countries such as shale gas development in 

the US and feed-in tariffs in Germany and Spain are seen as the main drivers of investment in the 

power sector. 

 

Carbon price uncertainty is a part of investment decisions, but the landscape is varied. 

Investments are diverse and the decision-making process is complex and varied. Carbon price and its 

uncertainty are one of many factors that need to be considered.  

 

In the decision-making process project appraisals are central, and risks and uncertainties, including 

carbon price uncertainty, need to be incorporated into such appraisals. The use of NPV assessments 

is widely accepted, but uncertain factors are treated differently by different firms and in light of 

different circumstances. In many cases uncertainty adds a premium onto an investment. Uncertainty 

about carbon price is likely to lead to delays in investments across all sectors and can even stimulate 

sub-optimal investments to be made. This evidence would argue well for some increase in carbon 

price certainty.  

 

The payback period expected from operational investments is approximately 3.5 years, dipping to as 

low as 2 to 3 years for energy efficiency investments in industry, but can go up as far as 30 years for 

very strategic investments in both the industry and power sector with investment time horizons up to 

40 years. The future point in time for assessing the carbon price relates directly to the payback 

period of the planned investment. As a result, with a range of different carbon-related projects, the 

requirement for certainty will mean different things for different investors, making it hard to design a 

one-size fits all policy that improves certainty for all and incentivises investments for everyone. There 

may be some trade-off between short-run interventions that help support more immediate 

investments with short payback times vs. creating credible long-term signals that would support 



 

MARUK14255 │ TRN 666/08/2013 84 

strategic investments that have long payback periods. This diversity will need to be an important 

consideration for policy makers when making decisions.  

  

Policy uncertainty, relating to a range of policies, is an important part of price uncertainty 

Policy uncertainty is a key element of carbon price uncertainty and, in the current carbon market, is 

seen as more important than market uncertainty. The strong role of policy uncertainty in carbon price 

uncertainty means that carbon price uncertainty differs by geography.  

 

Therefore the interplay between a company’s structure and the different types of regulation around 

the world can be more important than the details of any one particular scheme itself. The overall 

carbon-related policy risks are much broader than one policy and may relate to e.g. overall climate 

policy in Europe, as compared to the EU ETS in particular. Furthermore, many general policies and 

regulations, both for the power and industrial sectors, that have different objectives than carbon 

pricing policies, are often the most influential in decision-making that relates to abatement. For 

example, policies that encourage the manufacturing sectors to invest in the UK are very important. 

Carbon pricing is still only a relative small driver in such decisions as compared to other drivers.  

 

Cap-setting approaches in the EU ETS  

The EU ETS is currently a system with a fixed ex-ante cap over the current phase, which means that 

there is certainty about quantity but prices can vary dramatically in response to e.g. demand shocks 

or other unpredicted changes. By introducing a flexible cap, certainty about quantity would be 

removed, but it may be possible to introduce more price certainty into the system.  

 

This study categorises flexible cap-setting options into those which alter the long-term trajectory of 

the cap and those which make short-term alterations. For both of these approaches alterations in the 

volume of allowances in the system can be made through a permanent cancellation or a temporary 

removal of allowances – including to a strategic reserve. Such temporary removal would essentially 

re-create the banking function that is already part of the EU-ETS, but bring it within control of policy-

makers rather than the market. The efficiency of doing so rests on an assumption about whether 

policy-makers or market participants are in the best position to make these decisions. The detailed 

design of such a mechanism would determine how similar this activity would be to the banking of 

others.   

 

If an ETS cap is made flexible, it can respond to a number of triggers, these can be the carbon price, 

the surplus allowances in the system or external factors such as economic, technological or political 

events. The changes to the system can be made in automated way, or can be the result of a more 

subjective and flexible review process.  

 

The aim in this study has been to try to separate questions about the cap design options from 

questions about how to deal with the current overhang of surplus allowances from Phase II into 

Phase III. The current oversupply does not in itself constitute a source of uncertainty, except insofar 

as it contributes to the political pressure to intervene in the market. Policy options for removing or 

reducing the current surplus are therefore excluded from the study. 
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Cap-setting can offer some improvement in carbon uncertainty, but this is not the only 

reason for choosing cap-setting options 

 

There are many different ways in which flexible cap-setting options could be designed, depending on 

the types of trigger for intervention, and ways in which any allowances withheld from the market 

might (or might not) be reintroduced. Whilst many examples and proposals for such schemes were 

found in the literature, there is no systematic assessment of the effectiveness of any particular 

approach, and no strong evidence to support one approach over another.  

 

Stakeholders contacted in this project process, in general terms, did not have views yet on the 

precise design of any flexible cap-setting option. They prefer to reserve judgement until the details 

are specific enough to make it clear what the impact on them would be – both in terms of carbon 

costs and carbon incentives. The modelling exercise and in this study demonstrate that no one option 

stands out strongly as the preferred option for delivering carbon price certainty. This response 

reflects the fact that stakeholders are not driven by the carbon price certainty agenda alone, and 

furthermore, need to understand the full details of any proposal in order to understand the impact 

that it would have on their sector.  

 

Short-run adjustments to the market 

Short-run adjustments to the supply of allowances could either be triggered in response to carbon 

prices going outside some previously determined price floor and ceiling (price collar), or in response 

to surplus allowances exceeding some predetermined volume. In the former case, the collar can be 

set as wide or thin as the policy-maker deems necessary, such that within the limit the carbon price 

has no variation in the future and is “certain” according to their criteria. In this situation, policy 

uncertainty (i.e. the potential for the policy-makers to unpredictably change the price collar) would 

then be the only source of uncertainty. The question then remains whether this policy uncertainty 

would be greater or less for such a price-driven instrument than the quantity-driven mechanism 

currently in place under the EU ETS. As noted in the introduction, history suggests that reaching 

political consensus in the EU on prices may be more difficult than reaching consensus on a quantity 

limit. 

 

Regarding the second option of using the level of surplus allowances in the system as a trigger for 

response, in terms of the modelling work, no strong conclusions could be drawn. The model showed 

that if corrections to the supply of allowances are crudely designed (e.g. based on 5-year 

retrospective assessment of oversupply), they may do more harm than good, creating overshoot in 

carbon price trajectories and greater levels of carbon price uncertainty. That does not rule out the 

possibility that a well-designed intervention scheme could be beneficial. This would involve the ability 

to assess oversupply conditions more rapidly than every five years, and could perhaps take into 

account a forward view of how oversupply is expected to evolve given prevailing economic conditions.  

 

Broadly speaking however, based on available evidence, short-term adjustment approaches, 

releasing withheld allowances at some point in time back into the system seem likely to have only 
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second-order effects. They essentially replicate the banking function that the market would normally 

be expected to provide. This dilutes their potential benefit, since there is no evidence that banking in 

the market is malfunctioning. In fact, intervening in the market on the basis of oversupply has the 

potential to interact quite strongly with banking behaviour, since banking by private actors leads to a 

greater level of oversupply in the short-term in order to save up the allowances for when prices are 

expected to be higher. 

 

Long-run adjustment to cap trajectory  

The current ad-hoc arrangement for the EU ETS, whereby the cap trajectory of 1.74% widely 

expected to change after 2020, and the possibility of change before this in response to progress in 

international negotiations, leads to considerable uncertainty over what the range of future cap 

trajectories might be post 2020. In addition, the current discussions at EU level about EU ETS 

structural reform, triggered by the large surplus in the system, have reduced confidence in the entire 

system amongst stakeholders. As a result, what appeared to be certainty of a trajectory in the 

medium-term has now lost its credibility.  

 

Creating a narrow range of potential future caps could provide a significant improvement on the 

status quo. Although the benefits are hard to quantify, there was some (albeit not conclusive) 

evidence from the modelling that reducing the long-run range of potential future cap trajectories 

could in principle reduce carbon price risk, leading to lower discount rates and a more efficient carbon 

price signal, including higher current carbon prices. There is a moderate amount of support in the 

literature for this conclusion.  

 

One way of achieving this goal would be to set a target ‘gateway’ which sets bounds on the range of 

the cap, with a defined process and pre-determined review date at which the cap will be set. This 

approach differs only slightly from the current approach that uses phases and a long-term trajectory, 

but it should provide some additional carbon price certainty, and could help restore the credibility of 

the system.  

 

Next steps 

It is important to distinguish between different types of uncertainty. Stakeholders strongly identified 

policy uncertainty as being a key worry for them. They find it harder to manage policy risk than other 

factors influencing the carbon price (such as fuel price variation, technology cost uncertainty) which 

are more market-based risks. This finding is backed-up by evidence from the literature (Blyth and 

Bunn, 2011; Engau and Hoffman, 2009).   

 

Therefore, in assessing cap-setting options, we need to be clear which types of risk they address. For 

example, reducing the range of uncertainty over the future trajectory of the cap would only address 

policy risk, leaving technology and market risks for companies to manage. By contrast, setting a price 

floor and ceiling would in principle address all sources of carbon price risk depending on how 

stringent the floor and ceiling are set.  
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An impact on price or policy certainty alone cannot achieve an improvement in investment incentives 

- the actual carbon price itself still needs to be at a sufficient level. Furthermore, other relevant 

policies and company structures need to align favourably to enable investments to happen. 

 

Of the options considered in this study, the long-term gateway option is the only one that focusses 

solely on addressing policy risk. For theoretical and practical reasons therefore, this appears to offer 

the most promise. It provides a credible long-term signal, whilst reducing the tangible policy risk that 

currently exists associated with a single trajectory that the target may change by an unknown 

amount in response to changes in the wider economic or political situation. Whilst under a gateway 

option changes to the trajectory would occur, these would at least be made in a planned and orderly 

fashion, allowing companies to make some forward view of the process and criteria for such changes. 

This provides some certainty over process and timing of changes, and could reduce the range of 

potential future carbon prices, whilst also giving policy-makers room to alter the course if needed. 

 

However, this type of option may not be able to respond quickly to unexpected large fluctuations in 

supply or demand. The ability to adjust supply of allowances in a more responsive way provides 

another type of intervention that could have more rapid effects, but go beyond just limiting policy 

risk. Setting up such mechanisms would send a signal to the market that governments would 

intervene if conditions in the market move outside of a certain range. This could potentially be 

beneficial to market participants, but only if the conditions under which such intervention would take 

place, and their potential scope and impacts, could be credibly predicted in advance. Potential 

triggers for such interventions could be based on the carbon price, measures of surplus allowances in 

the system, fuel price triggers or responses to unexpected changes in demand.  

 

Of these options, the price-control mechanisms could have the most direct impact on limiting the 

range of future carbon prices, although they are still open to policy risk to the extent that the price 

levels could be changed in the future and potentially face significant practical and political challenges 

in setting the price levels. The surplus-control approach provides less direct control of carbon prices, 

but could help to rebalance the system if for example the current situation of over-supply were to be 

repeated in the future. However, this surplus-control approach is likely to face significant practical 

challenges in the implementation phase, in particular how to identify what is actually problematic 

surplus, and what is surplus generated as normal market behaviour i.e. reducing emissions and 

banking for later. The difficulties of setting the optimal trigger points of a mechanism also exist in 

price-control mechanisms where choices need to be made about what constitutes the “right” level for 

the carbon price. 

 

 

It is clear from this work that flexible cap-setting options can reduce carbon price uncertainty to 

some degree. However, since industrial players and power sector players, broadly speaking, consider 

the carbon elements of their investments differently, , any new cap-setting policies will impact 

investment decisions differently in different parts of the market–. When choosing cap-setting 

approaches, several other factors also need to be considered: 
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• Increased carbon price certainty will not necessary lead to increased investments in low-

carbon opportunities 

• The absolute carbon price will remain important to investment considerations 

• Many of the policy options to improve carbon price certainty may come at the cost of 

other types of policy certainty, both within the EU ETS but also in related and 

supplementary policies. These types of policy uncertainties  could still make investments 

risky and therefore subject to a risk premium and likely to face delay 

• The desire to reduce carbon price uncertainty itself may reduce the most unlikely price 

outcomes i.e. highest prices which will also discourage a high risk-high reward 

investment strategy that may be necessary for the most costly low carbon investments. 

• Reducing carbon price uncertainty, at its most extreme, removes much of the market 

element of the policy, and tends towards taxation. These approaches may compromise 

the cost effectiveness principle of the EU ETS.  

• Recent experience in the EU ETS shows that it is very difficult to predict all eventualities 

ex-ante. Some flexibility can also help policy-makers review and guide the tool. 

• The EU ETS is the key tool in the EU’s climate change programme – flexible cap-setting 

approaches may be essential to allow the EU to meet its goals if there are significant 

unforeseen changes.  

• The investment signals that are important to the participating sectors and others depend 

on a range of policies not just the EU ETS and therefore a coherent, coordinate approach 

would be necessary to tackle the overall question of certainty.  

A final issue to consider in the design of any intervention is to achieve a good balance between 

simplicity and effectiveness. The simplest approach is to do nothing (i.e. stick to the fixed annual 

decline with no adjustment process). The current rate of decline at 1.74% p.a. would need to be 

changed in order to meet agreed long-term goals (90-95% by 2050), and at some point linear 

reduction targets will need to be changed as they approach zero. The question is to what extent such 

long-term targets are seen as credible by the market. Writing into legislation that such rules will 

never be changed tends not to be credible. A more credible approach is to provide transparency over 

the potential scope of such changes, and how they will be managed (e.g. scheduled reviews, with 

decision criteria and trigger points identified in advance). This approach allows for predictable 

flexibility. 

 

Complexity on the other hand brings its own set of risks, firstly regarding the need for companies to 

interpret and adjust to complex new rules, and secondly because of the increased risk of unintended 

consequences. The problem with any policy mechanism to control prices is that it then becomes a 

focal point for policy risk because of the risk that the rules might be changed in the future. Some of 

the options presented in this report could lead to considerably more complexity, which needs to be 

weighed up against the potential benefits they would bring in terms of improved certainty. 
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Annex I. Detailed results of literature survey 

This annex provides the detailed results of the literature survey. The key findings and references are 

already incorporated into the main sections of the report. This section is structured in the following 

topics: 

1. Determinants of carbon price uncertainty 

2. Managing carbon price uncertainty 

3. Impact of carbon price uncertainty on investment decisions 

4. The role and potential for flexible cap-setting 

5. Providing economic and policy certainty to industry 

6. Impact of carbon price uncertainty on competitiveness 

 
1. Determinants of carbon price uncertainty 

In general, uncertainty refers to the unpredictability of variables internal or external to the firm or 

the inadequacy of information about these variables (Engau and Hoffman, 2008, based on other 

studies). A company or an individual investment is subject to many uncertainties leading to risks. An 

overview of risks facing energy sector investments is provided by IEA (2007). This section discusses 

uncertainty of the carbon price. Carbon price uncertainty results from uncertainties about its drivers. 

These could be grouped into uncertainties about future policy measures, market conditions and 

technologies (based on Blyth and Bunn, 2011):  

• Policy uncertainty covers uncertainty about future design, timing and stringency of policy 

measures. These are a function of uncertainty about multi-regions accords and burden 

sharing agreements, feasibility of targets, social willingness to pay, and efficiency and 

effectiveness of the policy framework. In fact, governments deliberately maintain flexibility in 

their carbon mitigation measures for these uncertainties (Kettunen et al. 2006). Policy 

uncertainty is not confined to uncertainty about ETS related regulations, but also relates to 

other policy measures that have an impact on future emissions such as fuel taxes and 

measures to stimulate renewables, energy efficiency and the uptake of a certain technology 

(Blyth et al., 2009). Policies in other regions will also have an impact on the carbon price in 

Europe since they may influence the availability of offsets credits, fuel prices and European 

economic activities. A taxonomy for regulatory uncertainty and its application to the 

European Emission Trading System is provided by Hoffman et al. (2008) 

• Market uncertainty covers overall uncertainty about the size and types of economic activities, 

fuel prices and the availability of international credits.  

• Technology uncertainty covers uncertainty about availability, costs and abatement potential 

of future (abatement) technologies. 

 

Since carbon price incorporates the current information available about its drivers, the time at which 

this information becomes available, could be seen as a secondary source of uncertainty. 
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It is worthwhile mentioning that as the system is currently designed with banking23 of allowances, the 

main determinant of carbon price is not the existing balance of supply and demand or specific events, 

but expectations about future supply and demand. This explains the relatively slow drift down of 

carbon prices following the financial shock as expectations adjusted regarding the possible long-term 

effects (Blyth, 2013).  

 

Blyth and Bunn (2011), who focussed on electricity generators, find that policy-based risks are of a 

different nature to market-based risks since the lack of private sector counter-parties makes policy-

based risks difficult to hedge. Engau and Hoffman (2008) explain that because of the nature of policy 

making, regulatory uncertainty is characterized by a discontinuous resolution differing therefore from 

uncertainties such as technology or market uncertainty which resolve continuously over time. 

 

According to Blyth and Bunn (2011), policy risks are particularly strong when carbon prices are low, 

while market drivers tend to dominate the risk factors when carbon prices are higher. They also find 

that for investors exposed to downside risk from low carbon prices policy risks tend to dominate as a 

price driver. On the other hand, investors exposed to downside risk from high carbon prices will be 

mostly exposed to market risks. Blyth et al. (2007) find that the closer in time a company is to a 

change in policy, the greater the policy risk will be, and the greater the impact on investment 

decisions. If there are only a few years left before a change, policy uncertainty could become a 

dominant risk factor.  

 

 
2. Managing carbon price uncertainty 

Carbon price uncertainty poses a risk to a firm. This section describes how firms manage this risk and 

how uncertainty is taken into account whan making investment decisions.  

 

Risks management 

Firms use different methods to manage carbon related risks. Measures that reduce carbon costs will 

also reduce the impact of uncertainty of these costs. It is therefore difficult to distinguish measures 

that aim to reduce carbon costs and measures that aim to reduce uncertainty of carbon costs. It is 

speculated(and not supported by literature) that, of the methods listed below, trading futures, 

delaying decisions and flexibility strategies primarily aim to reduce uncertainty with the others mainly 

aimed at reducing overall costs:  

• Reducing emissions: this may consist of a combination of short-term measures, such as 

switching fuels and improving energy efficiency, medium-term measures, such as investing in 

low-carbon technology and long-term options, such as investing in R&D and innovation 

(Herve, 2011; Ernst & Young, 2012). It has in general been difficult to relate the EU ETS to 

abatement suggesting that abatement is not a widely chosen risk mitigation measure. For 

instance, based on a thorough literature survey, Martin et al. (2012) concludes that while the 

                                              
23 Banking of allowances means saving them for later use Similarly, borrowing means using the carbon allowances from a future period. 
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EU ETS may have led to abatement in the power sector, the evidence on the impact of the EU 

ETS on participating industrial firms’ GHG emissions is not conclusive. An measure to reduce 

emissions is to reduce activity, e.g. by shifting production to other regions resulting in carbon 

leakage or to avoid future emissions covered by the ETS, e.g. by investing in new capacity in 

other regions. Contributions to the carbon-leakage debate mention that these measures likely 

to occur for sectors that are exposed to high carbon costs and/or have a high trade intensity.  

• Trading strategies: this may consist of a combination of purchasing allowances, purchasing 

(international) offsets in the secondary market or investing directly in projects and clever 

banking and borrowing (see footnote 23) (Herve, 2011; Ernst & Young, 2012, Norton Rose 

2013). Allowances can be purchased spot, delivered almost instantaneously, or using 

derivative transactions24. Typically, carbon trading desks reduce the carbon price risk 

exposure by using derivative transactions as much as possible. They end up having a carbon 

procurement cost reflecting the average price of the 2-3 most recent years (Herve, 2011). No 

information was found on what share of firms has a trading strategy in place and what type 

of firms typically develop such a strategy. It is however likely that all companies with a 

carbon trading desk will at minimum have a trading strategy. It is speculated that companies 

that have a trading desk in place to trade other inputs than carbon, will in view of the limited 

additional costs be more likely to also have set up a carbon trading desk. Such companies are 

typically energy utilities that are active on the electricity market. Based on a survey of 800 

manufacturing firms in six European countries from taken from August to October 2009, 

Martin et al. (2011) finds that about 30% of firms that are part of the European Union 

Emissions Trading System (EU ETS) only participate passively in the market; i.e. they do not 

consider carbon allowances as a financial asset which provides opportunities. Rather, they 

see the cap implicit in their allowance allotment as something they merely need to comply 

with. This suggests that these companies do not make use of advanced trading strategies 

involving futures. 

• Commercial engineering: corporate pooling of allowances or setting up contracts that 

transfer part of the risk to other parties (Herve, 2011; Norton Rose, 2013).: e.g. RWE set up 

at least three long-term contracts with a full transfer of the CO2 position for a lignite-based 

electricity supply (Herve, 2011). 

• Lobbying and initiating legal challenges: sector associations and individual companies 

may provide support to the policymaker, complain about policies expected and existing 

impacts, formulating formal demands and initiating legal challenges against policymakers of 

all kinds (Herve, 2011). Engau and Hoffman (2008) found that the higher the uncertainty 

firms perceive regarding the considered regulation, the greater the extent to which they 

participate in the corresponding policy making process. They find that almost all firms, 

regardless of their industry affiliation or region, aggressively pursue participation as a 

response to regulatory uncertainty,with utilities especially applying this strategy to a greater 

extent than other firms. 

                                              
24 Forward and futures for firm delivery at a price agreed-upon at the time of the transaction and at a fixed date ahead in time or call options 
for potential delivery at a price agreed-upon at the time of the transaction and at a fixed date ahead in time. 
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• Delay investments and decisions: firms can avoid strategic errors due to inaccurate or 

incomplete information by postponing decisions until a later point in time when better 

information is known, e.g. when an agreement among policy makers has lowered regulatory 

uncertainty (Engau and Hoffman, 2008). The ‘delay-effect’ is further described and discussed 

in section 3 on investments.  

• Flexibility strategies: Firms can respond to uncertainty by preparing to efficiently operate 

in as many scenarios as possible, for example through the diversification of their business 

portfolio. As for participation in the policy making process, Engau and Hoffman (2008) found 

that the higher the uncertainty firms perceive regarding the considered regulation, the 

greater the extent to which they prepare for a variety of possible regulatory scenarios 

through increased strategic flexibility. They find that almost all firms, regardless of their 

industry affiliation or region, aggressively pursue flexibility strategies as a response to 

regulatory uncertainty, with utilities especially applying this strategy to a greater extent than 

other firms. 

 

To support decision-making on when to use what strategy, a firm can develop a carbon risk 

management strategy. By forecasting its production (and hence, its emissions) and then combining 

this with current and expected carbon prices, a company can determine a balance between emission 

reductions and trading strategies (Ernst & Young, 2012). A firm can also make organisational 

changes to support decision-making and risk management: changes include setting up policy expert 

teams, dedicated energy technology ventures and carbon trading desks (Herve, 2011).  

 

Based on the literature considered, it is difficult to obtain an educated view to what extent 

opportunities are being used and what the costs of risk management are. The assignment of 

responsibilities within a company will influence how much priority carbon risks will have. In this 

respect, is worthwhile mentioning that in 2011, 73% of the world’s 500 largest companies by 

revenue, had set responsibility for climate change at board or executive level (Carbon Disclosure 

Project, 2011). 

  

Dealing with uncertainty in project appraisals 

Project appraisal is concerned with the assessment of the value of investing capital today in return for 

an income stream in the future. There are several different ways of representing the financial 

prospects for a proposed project, including simple paybacks, internal rates of return and return on 

capital employed; each of which has its own merits and drawbacks, and each of which is used in 

different ways by companies in decision making.  

It is generally agreed, that the most rigorous way to carry out project appraisal is to calculate the 

present value of the future income stream, and subtract the capital expenditure required to give the 

net present value (NPV). In reality, many different project finances will be uncertain posing risk for 

decision makers. The cash inflow may for instance depend on fuel prices. In principle, each uncertain 

element in the cash inflow should be replaced with a certainty-equivalent amount. This certainty 

equivalent takes into account uncertainty by using risk-adjusted discount rates (or the opportunity 

cost of capital). This leads to a risk premium.  
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Discount rates (or risk premiums) could be differentiated per element of the cash flow and per period 

in time). However, since risks are difficult to determine, it is common to use a simplified approach 

and use a single discount rate for the project as a whole. Usually, this discount rate is equal to the 

company’s average cost of capital, although it may also be diversified depending on the risk of a 

specific project. The assumption of a single constant discount rate for the whole project implicitly 

assumes that the risk per period of the project is constant. This assumption may break down if the 

uncertainty is likely to be more ”lumpy”, with large amounts of information being revealed at certain 

points in the project (e.g. details about future carbon policy).  

Real options approaches provide a way to overcome this by treating uncertain events and flexible 

management responses explicitly. They basic concept behind this is approach is that the option to 

make a decision later, by when more information is available, has a value.  

 
3. Impact of carbon price uncertainty on investment decisions 

This section describes the impact of carbon price uncertainty on investment decisions. For investment 

decisions, it is the long-term trend that is important. Uncertainty about the long-term trend, will 

reduce a potential investor’s ability to reach an informed view. Short-term volatility is of some 

relevance for compliance and operation although its impact is not too great given the need for only 

annual compliance (Blyth, 2013). It is speculated that long-term in this context will be in the order of 

years, the same over which a project’s effectiveness is calculated. In this respect it is worthwhile 

noting that, Martin et al. (2011) finds that based on a survey of 800 manufacturing firms in six 

European countries from taken from August to October 2009, that firms require on average a 

payback time of four years for investment in energy saving measures. However, this figure varies 

widely between firms. Firms at the 90th percentile allow for more generous payback time of seven 

years, whereas firms at the 10th percentile require 1.5 years. Payback time varies systematically 

between sectors and countries. Firms in the UK reported the lowest average payback times, with a 

mean of 3.5 years, whereas firms in Poland allowed for more than five years, on average.  

 

Uncertainty has a number of unfavourable effects on investment decisions. Uncertainty may lead to 

sub-optimal investment choices, delays in investment decisions and raise the costs of capital. These 

effects are further described below: 

• In the presence of uncertainty, risk aversion is also likely to reduce investment; 

• Uncertainty may have a positive impact as firms may hedge the risk of price uncertainty by 

reducing emissions through increasing energy efficiency and investing in low-carbon 

technology; 

• As potential unfavourable effects of policy uncertainty on the electricity sector specifically, 

IEA (2007) also mentions modest increases in electricity prices, and the creation of 

investment cycles that may exacerbate short-term peaks and troughs in generation capacity. 

For instance, Roques et al. (2006) and Blyth et al. (2009) identify a hedging role of nuclear 

power under conditions of uncertain gas and carbon prices;  

• Price uncertainty will raise the cost of capital and therefore still provide a significant hurdle 

for such investments.  
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Uncertainty may lead to investment choices that would appear sub-optimal in a world of greater 

certainty where the future outcome is known at the time. A company may choose to invest or not to 

invest in new capacity or technology at a particular point in time based on wrong expectations of the 

future carbon price. If the price would have been more known to the company, it would have made a 

better and cheaper decision (IEA, 2007). No quantification of this inefficiency has been found.  

 

Uncertainty may also leads to delay in investment decisions. Several studies describe this effect for 

carbon related risks (Kiriyama and Suzuki, 2004; Rothwell, 2006; Hepburn 2006; Herve, 2011; 

Kettunen et al. 2011; Ernst & Young, 2012; Norton Rose, 2013). Waiting has a value. By waiting, a 

company gains more information and thereby will be able to make better decisions. Several studies 

investigate the ‘delay-effect’ for the power sector (e.g. Blyth et al. 2007, Blyth et al. 2009, Blyth and 

Bunn, 2011). Kettunen et al. (2011) provides some examples in which investments have been 

delayed as a result of climate change policy:  

• “Shell has threatened to halt investment . . . as the uncertainty of this [emissions] policy is 

too high” (Gribben 2008) 

• Vincent de Rivas, CEO of EDF Energy in the UK commented that “we will not deliver 

decarbonized electricity without the right signal from carbon prices” (Crooks 2009).  

Regulatory uncertainty is mentioned as delaying work on biomass conversions of coal plant at Drax 

(p.26, Thompson and Quinlan 2010). Surprisingly, results of Engau and Hoffman (2008) show that 

regulatory uncertainty only partly causes firms to postpone strategic decisions. They find that existing 

regulation and a need to act quickly despite regulatory uncertainty are opposed to the pursuit of a 

postponement strategy. They speculate that postponing strategic decisions might be more prevalent 

in the more advanced stages of regulatory decision making when firms expect regulatory uncertainty 

to be resolved soon. This is in line with Blyth et al. (2007), who find that the closer in time a 

company is to a change in policy, the greater the policy risk will be, and the greater the impact on 

investment decisions. 

 

For investments in innovative technologies waiting may provide an opportunity to learn from 

experiences from others, reducing technical risks. IEA (2007) describes the importance of market 

dynamics are important in case of investments in new capacity. While a monopoly investor would be 

in a position to wait for the optimal moment to invest in new capacity, in competitive markets there 

is a cost of waiting since the entry of a competitor may adversely affect the business case for new 

investments.  

 

Price uncertainty raises the implied level of risk of decision-making regarding new investments. Under 

uncertainty, the price of carbon required to trigger investment in low-emitting technologies may be 

substantially higher than expected if risk is not taken into account. Policy risk increases the payoffs 

required from a project in order to justify proceeding with the project immediately rather than 

waiting. Higher risk also increases cost of hedging risk (Fankhauser and Hepburn, 2010). IEA (2007) 

concludes that climate change policy is likely to factor in into companies’ investment decision raising 

the costs of capital. The greater and closer in time the policy risk, the higher the necessary 

investment threshold will be (Blyth et al., 2007).  
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4. The role and potential for flexible cap-setting  

What options exist in terms of developing flexible approaches to cap setting, cost containment and 

reducing price volatility. How do these different cap setting approaches communicate certainty to 

investment decision makers? How would these different cap setting approaches perform in terms of 

providing resilience to unforeseen future shocks? What are the risks associated with introducing 

flexibility in cap-setting? 

 

Options without a fixed cap include: 

• Range of caps: setting a range of caps over a long time horizon with scope for adjusting the 

cap within that range (e.g. like a fan chart with widening spreads into the future). 

• Long-term indicative cap: Setting fixed caps for a short time horizon and indicative caps 

for some years into the future.  

• Rolling cap: a cap could be set annually for several years ahead. The use of rolling 

commitment period that is updated annually avoids the sharp uncertainty between periods 

from which the EU ETS suffers. The Australian Carbon Pollution Reduction Scheme (CPRS) 

combines this idea with the long-term indicative cap. Each year, it provides firms with a 

certain emissions cap for five years into the future, with a ‘gateway’’, or range of potential 

emissions caps covering the next ten years. Each year, the five- year cap and the ten-year 

gateway are updated, so that at any given point in time the private sector has fifteen years of 

an indicative range of cuts and five years of a defined cap. (Fankhauser and Hepburn, 2010). 

• Automatically adjusting cap: Introducing scope for adjusting caps if some pre-specified 

conditions are met, for instance, based on movements in fossil fuel or energy markets or 

economic growth rates (From IIT) 

• Longer commitment periods: Longer commitment periods during which the cap and 

underlying structure of the system are defined reduces the policy risk element of carbon 

prices (Blyth et al. ,2007; Fankhauser and Hepburn, 2010). If borrowing and banking 

between commitment periods is limited, longer commitment periods allow greater temporal 

flexibility, smoothing prices, reducing costs, increasing liquidity, reduce price volatility, and 

provide the private sector with longer- term price signals which, if credible, should spur 

innovation and investment (Fankhauser and Hepburn, 2010). These advantageous needs to 

be weighed against the importance of other risk factors driving the carbon price, in particular 

market-based risks, and the potential need for policy to be adaptive to changing 

circumstances such as changes in science and availability of abatement technology (Blyth et 

al., 2009; Fankhauser and Hepburn, 2010). Shorter periods may also be more credible from a 

political point of view (Fankhauser and Hepburn, 2010).  

• Updated target depending on price: Stringency of targets in the next period could 

automatically depend upon the revealed price in the current period, with the relationship 

defined by the agreed target (Newell, 2005; Hepburn et al, 2006). 

• Price ceiling through auctioning: allowances could be made available via auctions to 

satiate demand at the trigger price. These allowances could consist of: 
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o allowances that are retired if not used 

o allowances borrowed from future compliance periods 

o allowances generated by raising the cap 

o allowances taken from the market earlier at a lower price,  

o offsets purchased with the auctions revenues.  

• These allowances could be put in a price containment reserve (Newell et al., 2005). An 

absolute, unbreakable price ceiling can only be established if an unlimited supply of permits 

to the EU ETS is guaranteed. Such a ceiling could therefore result in additional emissions 

(Fankhauser and Hepburn, 2010; ARB, 2012a).Price caps on their own, in the absence of a 

corresponding price floor, create an asymmetrical price risk. This would marginally improve 

the investment case for a high-emitting coal plant and making the investment case for low-

emitting technologies marginally worse. It is possible however, that with prices capped, the 

political will to set more aggressive climate change targets would be increased, restoring the 

case for investment in low carbon technologies. A price cap could also be combined with a 

fixed cap. In combination with a fixed cap, the additional supply of allowances is always 

limited. (Hepburn et al, 2006; AnalysisGroup,2010).  

• Price ceiling through supply at fixed price: allowances are always or regularly available 

at fixed price. See price ceiling though auctioning for potential sources of allowances and 

risks.  

• Price floor by adjusting cap: if prices fall to a minimum price, the stringency of emission 

targets is increased, thus further reducing emissions beyond initial targets. If the price drops 

below the price floor, the supply of allowances could be reduced or allowances could be 

purchased from the market and retired or put in a reserve. Both options would reduce the 

amount of allowances available to the market and therefore would raise the price 

(AnalysisGroup,2010).  

• Price collar by adjusting cap: Combination of price floor and ceiling through adjustable 

cap. If the price floor is achieved by purchasing allowances from the market, then the 

purchased allowances could be put in a price containment reserve and later be used to realise 

the price ceiling (AnalysisGroup,2010).  

 

Cost-containment mechanisms with fixed cap include: 

• Expanded offset use: Eliminating or relaxing quantitative limits on offset use will lead to 

more supply of allowances at lower costs. Alternatively, offset use could be relaxed, subject 

to pre-determined price triggers; Relaxing offset use would increase the supply of offsets 

available for compliance, but could leave allowance prices either above or below the price 

trigger depending on the size of the adjustment to the offset limit. The impact on allowance 

prices of any particular adjustment to offset limits would be difficult, if not impossible, to 

determine in advance. While a series of smaller market adjustments (at known frequency and 

with transparent rules) could potentially improve the precision of this approach, it could also 

slow the speed of market adjustment and even add to market volatility and price uncertainty 

due to underlying uncertainty about how offset limits would be relaxed in the future. 

Moreover, because price relief would depend upon offset market conditions, such as the 
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depth of existing supply, the extent and timing of the market relief provided by relaxing 

offset use caps would be fundamentally uncertain (AnalysisGroup,2010). 

• Fixed price option: Participants wishing to satisfy their obligation to surrender units, can do 

so by paying a fixed amount for each unit that they are liable to surrender. This would not set 

the market price, but would limit the costs for participants to the fixed price. It therefore 

works as a ‘cost-ceiling’. The fixed price option is being used in New Zealand and will be used 

in Australia during unilateral linking with EU ETS. 

• Soft price ceiling with fixed cap: see description of price ceilings above. The difference 

with those options is that with a fixed cap, the supply of allowances is only guaranteed to a 

maximum. The price ceiling would therefore not be unbreakable. Soft price ceiling through 

auctioning have been set up in the EU ETS and RGGI. Soft price ceilings through supply at a 

fixed price are being used in California and Quebec. The allowances are made available out of 

a cost-containment reserve with limited size. A staged approach is followed: lots of 

allowances are sold at increasing fixed prices. 

• Auction floor price: allowances are not auctioned below a minimum price. Firms would not 

buy allowances at the auction if market prices were below the reserve price, so the reserve 

price would serve to reduce the supply of allowances onto the market when prices were below 

the reserve price. If a large enough proportion of allowances was auctioned, forward-looking 

market participants would anticipate a reduction in supply in the event of low prices, and 

adjust expectations so that market prices would be more likely to remain at or around the 

auction reserve price (Fankhauser and Hepburn, 2010). Setting an auction reserve price 

would only have no impact in two unlikely situations. First, with very weak emission targets 

(or extremely cheap abatement) the allowance price might drop to zero. Second, if ETS prices 

are already well above the reserve price, then the reserve price is irrelevant (Hepburn et al, 

2006). Auction reserve prices are used in the California and Quebec cap-and-trade programs 

as well as the RGGI. Allowances not sold at auctions in California are put in a price 

containment reserve used for soft price ceilings.  

• Absolute price floor by purchasing at guaranteed price: Government could commit to 

repurchase allowances at the price floor. Treasuries, however, are typically reluctant to sign 

up to such financial liabilities (Hepburn et al, 2006; Fankhauser and Hepburn, 2010). This 

option can best be combined with an auction floor price to avoid the need to purchase 

auctioned allowances at a higher price. 

• Price floor by purchasing at market price: Government could commit to repurchase 

allowances at market price if this drops below a certain level. (Hepburn et al, 2006). This 

option could best be combined with an auction floor price to avoid iterative purchasing and 

auctioning of allowances.  

• Price floor by taxing: a tax can be designed so that companies upon compliance need to 

pay tax that is the difference between the market carbon price and the price floor. A 

supporting tax is used in the UK 

A number of the approaches described make use of fixed threshold values. In those cases, staged 

approaches could be used. For instance, Hepburn et al. (2006) describes the concept of a price 

cushion in which price ceilings are set up for a series of lots of allowances with increasing fixed 

prices. Such allowance supply elasticity can complement the demand elasticity created by different 
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abatement options and can thus contributes to a reduction of CO2 allowance price volatility. Care 

should be taken when following this approach. Initial price stabilisation might reduce the incentive of 

market participants to hedge their decisions, potentially exposing them to even higher risk in the 

case that all available allowances are auctioned and prices become more peaky  

 

Threshold values could be updated annually: e.g. the auction floor price and soft price ceilings in the 

California Cap-and-Trade Program are increased at a rate of five percent per year plus inflation (ARB, 

2012a).  

 

Price ceilings and floors through increased supply would have to address potentially serious problems 

of gaming the system. For example, market players might artificially create a price spike to prompt 

the release of allowances into the market (Hepburn et al. 2006). 

 

Other provisions, not related to the cap, that would reduce allowance price, price volatility and/or 

uncertainty include: 

• Banking: without banking, at end of a commitment period, if the market is slightly over-

allocated (as in EU ETS Phase I), then the marginal allowance is worthless and the price will 

collapse to zero (as it did in Phase I) (Fankhauser and Hepburn, 2010). Banking effectively 

increases the depth and liquidity of the market, reducing price volatility by making current 

prices a function of a longer time span of activity, creates an incentive for firms to take early 

action to reduce emissions; creates a private sector group with a vested interest in the 

success of the system ,including an incentive to ensure rigorous monitoring and enforcement, 

as well as tight future targets, to protect and maximise the value of their carbon assets. For 

these reasons, most emissions trading systems such as the EU ETS have allowed banking in 

some form (Fankhauser and Hepburn, 2010). Banking can also reduce overall costs since it 

allows emission reductions in early years of the system to be substituted for those in later 

years, which can lower costs if the cap is more stringent in later years (AnalysisGroup,2010).  

• Borrowing of allowances: Allowing borrowing from future compliance periods or even 

commitment periods increases temporal flexibility. Without borrowing,at end of a 

commitment period, if the market is slightly under-allocated, then the value of the marginal 

allowance could spike to the penalty plus expected price in the next phase (Fankhauser and 

Hepburn, 2010). In the EU ETS, there is no borrowing between commitment periods and only 

de facto borrowing between compliance periods since companies receive free allowances for 

the next year before they have to surrender allowances for the previous year. There are a 

number of political and economic concerns related to borrowing: (i) Government may not be 

well-equipped to assess the credit worthiness and solvency of firms who borrow allowances, 

who thereby become debtors. Moreover, firms which are least solvent are likely to want to 

borrow more than firms which are most solvent(a form of adverse selection). (ii) Borrowing 

enables firms to delay action if they assume that targets will prove too onerous and will 

subsequently be softened (a time inconsistency issue). (iii) Firms with borrowed allowances 

have an active interest to lobby for weaker targets, or even for scrapping emissions trading 

altogether, so that their debts are cancelled (a form of moral hazard). (iv) The political desire 
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to (be seen to) act early, and potential benefits of early action, also imply that politicians may 

prefer to place constraints on borrowing (Fankhauser and Hepburn, 2010). 

• Longer compliance periods: Permitting compliance over multi-year, rather than one-year, 

periods can reduce costs and volatility by allowing emission reductions to be substituted over 

the three year period, and diluting the impact that any one market event can have on market 

prices (AnalysisGroup,2010).  

• Rolling compliance: regulated sources can surrender allowances for each year’s emissions 

on a rolling basis. For example, allowances for emissions in 2012 could be submitted in pre-

determined proportions at the end of the following three years (2012, 2013 and 2014).This 

approach could smooth demand in allowance markets by avoiding potential surges in demand 

that can arise at the end of even lengthy compliance periods when regulated sources must 

surrender allowances (AnalysisGroup,2010). 

• Linking: linkages lower the overall costs of achieving emission reductions in the combined 

system, although allowance prices may rise in one of the linking regions if it becomes a 

source of allowance supply for the other region (AnalysisGroup,2010). 

 

What methods have been used in other emissions trading systems?  

The following methods are used in other trading systems. Note that the list is not exhaustive: 

• Rolling commitment period combined with a long-term indicative cap: The Australian Carbon 

Pollution Reduction Scheme (CPRS) provides firms with a certain emissions cap for five years 

into the future, with a ‘gateway’’, or range of potential emissions caps covering the next ten 

years. Each year, the five- year cap and the ten-year gateway are updated, so that at any 

given point in time the private sector has fifteen years of an indicative range of cuts and five 

years of a defined cap (Fankhauser and Hepburn, 2010). 

• Auction reserve prices are used in the California and Quebec cap-and-trade programs as well 

as the Regional Greenhouse Gas Initiative of Northeast and Mid-Atlantic States of the U.S. 

(RGGI). Allowances not sold at auctions in California are put in a price containment reserve 

used for soft price ceilings. 

• Soft price ceilings through supply at fixed price are being used in California and Quebec. The 

allowances are made available out of a cost-containment reserve with limited size. A staged 

approach is followed: lots of allowances are sold at increasing fixed prices 

• Soft price ceiling through auctioning have been set up in the EU ETS and RGGI. The amount 

of additional allowances that is made available is limited so the price ceilings are not 

unbreakable. 

• The fixed price option is being used in New Zealand and will be used in Australia during 

unilateral linking with EU ETS. 

 
5. Providing economic and policy certainty to industry  

What is the perception of policy risks vs market price risks for ETS participants? How do these affect 

investment decisions? How and to what extent, can different cap setting approaches deal with each of 

these risks? 
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During stakeholder consultation for the California Cap-and-Trade Program, many stakeholders felt 

that allowing administrative adjustments in the cap would create undesirable uncertainty in the 

allowance market (ARB,2012a).  

 

To what extent will the impact of carbon price uncertainty on investment change as the carbon price 

rises and results in ETS costs forming a greater proportion of total costs faced by the firm? 

Although the impact of carbon price obviously increases as prices rise, it is not clear that impact of 

uncertainty will necessarily increase as carbon prices rise. Currently, the range of uncertainty is 

bounded by a very large range from near zero to high enough to meet decarbonisation targets. As 

prices rise, this could be the result of closing off some of the low carbon price scenarios (Blyth, 

2013). 

 

How important is EU ETS policy predictability in terms of impact on firms' investment decisions? 

As mentioned earlier, policy uncertainty is not confined to uncertainty about ETS related regulations, 

but also relates to other policy measures that have an impact on future emissions such as fuel taxes 

and measures to stimulate renewables, energy efficiency and the uptake of a certain technology 

(Blyth et al., 2009). Policies in other regions will also have an impact on the carbon price since they 

may influence the availability of offsets credits, fuel prices and European economic activities.  

 

Martin et al. (2011) finds a significant positive association between the expectations firms hold about 

the future stringency of their cap and “clean” innovation and that this relationship is robust to 

including a broad range of control variables. This suggests that certainty about a stringent cap and 

high carbon price are important to stimulate innovation. 

 

Relative to other risks associated with investment, how large a risk is carbon price uncertainty? 

According to Ernst & Young (2012) energy costs are still the primary driver of abatement efforts. 

Blyth et al. (2007) and IEA (2007) identify the effects of carbon price risk on investments in power 

generation and show that, whilst for base load plants, fuel price risks are often more significant, that 

carbon price risks are still significant for the low-carbon technology options. 

 

Caveats 

Based on the literature considered, it was not feasible to adequately address the following questions. 

These have therefore more extensively been covered in the expert consultation: 

• Are there cases where investment decision makers may be more receptive to a cap which 

changes in line with relevant conditions, rather than a fixed cap that remained impervious to 

changes in prevailing conditions? 

• Is there any evidence that approaches used in other ETS's have provided economic and policy 

certainty? 
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• How and to what extent does a more flexible cap affect the ability of market participants to 

form a view of the future cap, and future carbon prices? 

• What are the risks are associated with introducing greater flexibility in the cap? These have 

been described above where they have been identified, but more research is needed to 

adequately answer this question.  

• The availability to firms of different sizes of opportunities to reduce risk although Kettunen et 

al. (2011) mentions that larger companies are more capable of taking larger and riskier 

projects with a lower debt rate than smaller producers because their asset portfolio is more 

technologically diversified and spread internationally reducing market, political and regulatory 

risks.  

• Whether firms face similar uncertainty on other input costs than carbon and to what can be 

learned from the way firms manage these input costs. It is nevertheless noted that compared 

to many other inputs, CO2 price is in general more dependent on discrete events and can 

therefore abrupt since with large amounts of information are being revealed at certain points, 

i.e. details about future carbon policy (IEA, 2007). 

 

6. Impact of carbon price uncertainty on competitiveness 

This section describes the impact of uncertainty on competitiveness. Uncertainty has an impact on 

competitiveness by having an impact on the carbon price. It should however be noted that this 

impact is indirect. Most of the literature on competitiveness is therefore on the effect of carbon price 

not the effect of carbon price uncertainty. On the long-term, adverse impact of uncertainty on 

investment decisions may have an adverse impact on competitiveness of European if causes these 

investments to occur in other regions (carbon leakage) or if they would lead to higher future 

abatement costs. Carbon price uncertainty will furthermore have an impact on competitiveness 

between different players and industries in case of it will have different impacts on investment 

decisions for different market players and technologies. 

 

Indirect impact via carbon price 

The impact of price the carbon price a will vary by sector depending on the ability of companies to 

pass through any changes to market prices, the ability to substitute out of the more costly inputs, 

and the openness of their market to competitors who may not be affected by the price changes 

(Blyth, 2013). These issues have been extensively investigated in the literature relating to carbon 

leakage. 

 

In general, a higher carbon price is detrimental for the competitive positions of firms in the EU ETS 

relative to those competition not covered by a carbon price. For relative efficiency producers, a higher 

carbon price is beneficial for its competitive position relative to those of competitors in the EU ETS. 

Also, impact of carbon price risk will not be the same for all products and activities of a firm. For 
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firms that deliver carbon abating products, a higher carbon price may be beneficial as it may lead to 

increased demand for its products.  

 

When it comes to the impact of uncertainty on the carbon price, theoretically, there is no preferred 

time horizon over which a perfectly traded zero cost of carry commodity with free banking would 

determine current prices. Any future time period could drive current prices with the application of a 

suitable discount rate (Blyth, 2013).  

 

In practice, the issue of what timescale and what discount rate companies apply when considering 

future expectations to inform their view of fair current value for carbon is an open question, with 

relatively little evidence available in the literature. Given the wide range of potential scenarios for 

future carbon prices (e.g. as outlined in DECC short-run vs. long-run price scenarios), this might 

suggest that purely speculative financial investors in carbon allowances would apply a high rate of 

return in order to cover the risk of ownership. This implies a relatively high discounting of future 

value, and therefore a short time horizon (Blyth, 2013). Note that this question was directly explored 

with stakeholders. In the short-run for existing plants, the impact of uncertainty may have a 

dampening effect on carbon prices, so the ‘cost’ of uncertainty could be negative. If future carbon 

prices were certain, discount rates would be lower, and current carbon prices would be higher, 

leading to additional costs for industry.  

 

Asymmetries in risk hedging and allocation have an impact. Utilities in the power sector (with a more 

conservative risk profile and relatively restrictive allocations) have needed to buy from other sectors 

for their compliance, which were under no pressure to sell surplus allowances. This sellers’ market 

arguably inflated prices (Hepburn et al, 2006). 

 

Different impact on investments across sectors, ETS participants and technologies 

Uncertainty will affect different technologies to different extents, and may therefore have an impact 

on the trend in technology uptake (Reedman et al., 2006; Blyth et al., 2007; IEA, 2007; Kettunen et 

al. 2011).  

 

For the power sector, Kettunen et al. (2011) finds that risk aversion decreases in company size and 

larger companies are therefore more likely to invest in new plants under the extra risks from carbon 

policy uncertainty. Uncertainty may therefore lead to a more concentrated and less competitive 

market structure and form an entry barrier for new entrants.  

 

Kettunen et al. (2011) mentions that larger companies are more capable of taking larger and riskier 

projects with a lower debt rate than smaller producers because their asset portfolio is more 

technologically diversified and spread internationally reducing market, political and regulatory risks. 
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Annex II. Case studies: Stakeholder and expert 

interviews 

This annex provides the key messages of the expert interviews. An attempt has been made to reflect 

the wording and opinions of the interviewees is as closely as possible. Nevertheless, the texts below 

do not necessarily accurately reflect the wording of the interviewees. 

 

[A more detailed summary of the interviews is available if DECC requests this] 

 

Interviewed stakeholders and experts 

Nick Sturgeon, Energy, Trade & Competitiveness Director of Chemical Industry Association (CIA) 

Background 

The discussion on investment decisions related to growth of the industry and the additional costs for 
investments due to uncertain carbon prices rather than carbon costs stimulating investments for GHG 
abatement.  

Key messages 

• In investment decisions the carbon price signal is important, but more important is the carbon cost 
signal and the overall costs. Carbon cost uncertainty, which includes the uncertainty of the amount of 
free allocation, instead of carbon price uncertainty will therefore be more determining in investment 
decisions. In the end the carbon costs will determine the actual economic viability of the project. 

• The carbon price uncertainty is seen as a part of the uncertainty in energy prices which have a large 
impact on investment decisions, in particular gas and electricity prices. Differences in energy prices in 
the EU with the rest of the world have resulted in most investment in the chemical industry being 
made outside the EU, and within the EU the investments are limit to operations and maintenance 
investments. The uncertainty in future energy prices, of which carbon price uncertainty has played a 
small role n the previous ETS phases, may divert investment flows. the concern is that more 
investment flows will be diverted in the future, as theuncertainty in the EU carbon price and the UK 
carbon price support are expected to play a larger role due to the higher expected carbon costs 
associated with these policies. 

• At the moment policy risks that impact costs are perceived as most important in investment 
decisions: 

o On a EU level with the discussion on intervention measures and most likely passing of the 
backloading vote, the policy risk is experienced as high as the carbon price is perceived to be 
more politically driven, introducing more uncertainty in the carbon price and costs 

o On a UK level the delay in approval of the state aid for the impact of the carbon price floor 
on electricity-intensive industries causes uncertainty to carbon costs experienced through 
electricity price and is considered to have a substantial impact on investment decisions. 

• At the moment the exact cap-setting method is of less importance for the chemical industry compared 
to the free allocation method, and the chemical industry would like to see an allocation method in line 
with the production (ex-post allocation), relating to the focus on carbon costs rather than carbon price 
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in investment decision-making. 

• In theory investment decision-making should look towards future prices, but since these are 
perceived to be uncertain given the volatile prices in the past and the policy uncertainty in carbon 
pricing in the future, in practice mostly today’s issues are considered. These uncertainties in the short 
and long-term will persist. The coming two years is critical for investments in the chemical industry in 
the UK. If the strategy for energy intensive industry and the development of shale gas goes ahead, 
then good investment opportunities remain in the UK. 

 

 

Interviewed stakeholders and experts 

Dr. Luca Taschini, Research Fellow Grantham Research Institute on Climate Change and the 
Environment, London School of Economics 

Frank Venmans, Assistant-PhD at the University of Mons 

Background 

The discussion is mainly on consideration between making GHG abatement investments and complying with 
the costs. Dr. Luca Taschini has published several papers on the investment decisions under uncertainty, the 
resilience of ind ustry to carbon pricing and the impact of cap-setting and pricing methods on carbon prices. 
Frank Venmans is currently completing is PhD thesis on the impact of carbon price uncertainty on abatement 
investments. 

Key messages 

• The reversibility of an investment plays a large role in the investment decision. For complex processes 
that require more capital, the expected carbon price needs to be much higher for the investment to 
be made as the risks are also higher, causing the investment hurdle to become higher as well 

• Price volatility and uncertainty are two distinct factors. Price volatility of the market is procyclical, as 
in low economic growth means low carbon prices and therefore creates a low cost profile. Volatility in 
carbon prices should therefore in theory not matter for investments. However, from a behaviour point 
of view volatility is seen as a high risk, and stable prices as low/no risk, which is why in practice 
volatility and uncertainty are usually seen closely related or even as the same in investment decisions 

• Most questioned companies in Frank Venmans’ research do think the carbon market will be more 
important in the future, even though the current prices are low. All companies try to use the future 
price in their calculations, but end up with the current price as the best estimate. Others look at the 
future prices on trading platforms. Only for very long-term investments such as beyond 10-15 years 
the current carbon price is not use. Those types of investments are usually more strategic and the 
payback time does not play a large role. In practice not many companies are taking concrete actions 
to hedge the risks yet as they are not using the forward price in a way to buy future contracts to 
compensate for the future carbon price 

• The various flexible cap options would not give that much carbon price certainty, unless the rules are 
dictated by price as there is no limit on what the price could be. However, making the supply flexible 
through a flexible cap would reduce policy uncertainty in terms of making the system more 
predictable. A volume triggered system would provide more confidence in the system as it reduces 
policy uncertainty, but non price uncertainty. It does not make the price predictable or stable, but it 
reduces the dependency on the demand uncertainty.  

• The goal of a flexible cap should not be to make the supply dependent on normal economic 
development, but to make it dynamic to sudden abnormal political, technological or economic shocks. 
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The ETS is already responding to current economic developments and the economic is cyclical, so 
current low prices should go up again when the economy grows again 

 

 

Interviewed stakeholders and experts 

Gareth Stace, Head of Climate & Environment Policy EEF 

Ian Rodgers, Director UK Steel 

Andy Hay, Representative Outokumpu and arc furnace steel consultant 

Background 

The discussion is mainly on the capacity investments as the steel industry indicated there is nearly no GHG 
abatement possible on the short term without any technological breakthroughs. There are two distinct steel 
production processes, carbon-intensive integrated steel-making and electricity-intensive electric arc furnace 
steel-making. The impact of carbon price uncertainty and investment decisions will be different for the steel-
making processes. Outokumpu is one of the largest electric arc furnace steel producers in the world. 

Key messages 

• It is not so much the carbon price uncertainty, but any carbon price level negatively impacts 
investment decisions and does not stimulate low carbon investments at all. The steel industry is at its 
technical limit to abate GHG emissions and any carbon price just adds costs. The uncertainty is how 
much costs will be added: 

o For integrated steel-making the biggest issue is whether they will have sufficient free 
allowances to cover their emissions or not, which is the biggest uncertainty. It is not so much 
about whether the residual that steel makers would have to buy is fluctuating or not. 

o For arc furnace steel-making electricity is almost a quarter of all costs and the uncertainty 
are partly related to various forms of carbon taxes such as the CCA and carbon floor price. 
Each of these carbon taxes can move very differently and it is unclear how much of these 
carbon taxes are passed on through the electricity price, and not knowing is what causes 
more uncertainty 

• The most important issue is sufficient free allowances to cover its emissions. The cap does have an 
impact though e.g. through electricity prices, and the steel industry has been arguing for an ex-post 
adjustment to the cap. 

• The board of directors don’t have a clear understanding of the complex structure of the carbon prices 
as there are very different layers to it. Each local business is competing for funding and investments 
with other business in the rest of the world. With these complex carbon pricing and compensation it is 
very difficult to go to the board and say what will happen in 10 years with carbon prices, and for the 
steel industry 10 years is relative short term. This is what they need to know before they can make 
any investments 

• In almost all major investment decisions carbon price is just a small factor in the total. A lot of 
investment decisions are driven by the replacement of old equipment, which usually uses a snapshot 
of the carbon price at the time the investment decision is made. An attempt is always made to try to 
take the future carbon price into account though, which are expected to be higher 

• 9 out of 10 investment decisions are not related to carbon prices at all. Some investments are either 
forced by regulation to improve environmental performance or by the market for better quality steel. 
These will most of the time increase energy consumption and carbon costs are just add costs. But if 
the carbon price jumps up high, e.g. as the result of backloading, investments can be delayed or even 
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deferred to other places due to a limit in capital. The cost of operation will go up, so there will be 
even less capital available in the future for investments 

• The only way to significantly reduce emissions in the steel industry is to explore new technologies, but 
this will only be possible in at least 10 or 20 years. Funding and knowledge of the steel industry itself 
is needed for research and not carbon prices. The only way carbon prices would stimulate these 
technologies is if it would jump to a few hundred Euros per tonne CO2, but then everyone in the EU 
would be out of business 

• In conclusion, policy certainty is preferred for investment decisions. The carbon price does not 
stimulate investments for the steel sector at all, but it can put off investments 

 

 

Interviewed stakeholders and experts 

Steve Freeman, Director of Environmental & Energy Affairs Confederation of Paper Industries 

David Morgan, Energy Data Manager Confederation of Paper Industries 

Martin Mead, European Energy Management DS Smith 

Background 

The discussion covered both investments related to GHG abatement investment as well as capacity expansion 
investments related to the pulp and paper sector. Since the main production facilities and core business of DS 
Smith is located within the EU, many investment decisions are considered between the various EU facilities. As 
paper production is an electricity-intensive process, indirect carbon costs through electricity prices is an 
important indicator. 

Key messages 

• The carbon price is seen as part of the total energy costs, more precisely a part of the regulatory 
issues in the energy costs. There are also all different regulatory impacts on the carbon price such as 
the carbon floor price adding costs on top of the commodity energy price, resulting in additional 
volatility and uncertainty to the total energy costs and complicates investment decisions 

• Since the paper industry has been protected from the carbon costs until now, there are no concrete 
examples of the carbon price driving investments. However, in the future the shortage in allowances 
should in principle drive more energy efficiency improvements, increasing the overall cost and 
improving the return on energy efficiency investments. There will not be any easy projects for energy 
efficiency improvements though, as paper production faces relative high costs and reduction of energy 
costs through energy efficiency improvements has always been the focus of the paper industry 

• Carbon price certainty would be good for business and could drive future investment decisions even if 
the carbon price increases or not, but the associated costs are a problem as there is no global carbon 
price and the EU market is exposed to competition from abroad not facing the same cost constrains 

• The carbon price assumed for these investments would depend on the financial life of the 
investments. For some investments the current carbon price is used with an assumed inflation index, 
although the projections are limited to the current phase of the ETS. In those projections the carbon 
price is assumed to grow from the current price, although it is not certain how large this will be 

• The carbon price is subject to increasingly more policy risk, because with all the political interventions 
intended for the EU ETS no one knows what will happen. If the changes in the EU ETS were done from 
Phase 4, then there would be more certainty for the carbon price and the EU ETS itself. Now these 
interventions have decreased the credibility of the EU ETS and industry is worried about its integrity. 
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This in turn has decreased the carbon price certainty for the future 

 

 

Interviewed stakeholders and experts 

Gerry Miller, Representative of the UK Mineral Wool sector, The Mineral Wool Energy Savings 

Company (Minesco) 

Background 

The discussion covered both investments related to GHG abatement investment as well as capacity expansion 
investments related to the mineral wool sector. Since the mineral wools sector produces materials for GHG 
abatement, carbon prices can be both positive and negative for the sector. 

Key messages 

• Strong carbon prices is a complex matter for the mineral wool sector, because on one hand it 
increases the production costs, but it also drives the market, so the preference for a high or low 
carbon price varies per company, but a stable carbon price is important as volatile carbon prices are 
seen as a risk for investment decisions. There is therefore no exact preference for any of the cap-
setting method, as long as it achieves the aim of a stable carbon price. 

• The carbon price has dropped a lot, which has reduced the focus on the carbon price. It is much less 
of a factor in investment decisions than it initially was when the price was still high. The carbon price 
had a much larger impact on the costs of the companies than it now has. Nonetheless, carbon price 
volatility and uncertainty is only seen as a component of the energy price volatility 

• A lot of the investment opportunities are linked to the investment cycle. When an investment has to 
be done again, the actual carbon price at that moment would feed into the decision-making rather 
than the carbon price causing investments to be done. If the carbon market is very volatile, it is 
difficult to use a good estimate of the carbon price 

• In the first two phases of the EU ETS significant investments have been done in expectance of high 
carbon prices. Abatement investments were done through energy savings with e.g. variable speed 
drives, capacity investments with a plant in South Wales that doubled its capacity in expectance of 
higher energy efficiency needs partly driven by the carbon price. However, with the current low 
carbon prices and uncertainty on whether these carbon prices will go up, some investments have 
been delayed or redirected to other markets as there is only a limited amount of capital available. In 
the UK there has been one capacity expansion, but another investment decision for the EU did not go 
through as the current market circumstances in the EU do not show sufficient demand.  

• The carbon price volatility is more driven by political volatility than any other market volatilities, and 
the carbon price seem to be mainly driven by political risk. Any expected changes in price will be seen 
as a result of a political decision. 
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Interviewed stakeholders and experts 

Ian Temperton, Head of Advisory Climate Change Capital 

Martin Schönberg, Head of Policy Climate Change Capital 

Background 

The discussion was focussed on investment decisions by utilities and the general investor’s community. As the 
core business of Climate Change Capital is related to investments in a sustainable, resource efficient, low 
carbon economy, the discussion was focussed on those types of investments. 

Key messages 

• The EU ETS and carbon price has sustained a dent in their credibility among investors with the current 
low price signal, and at the moment the investors community does not pay any attention to the 
carbon price anymore as it is considered a rounding error in investment decisions. In the UK large 
scale investments are mainly occurring on the basis of what the tariffs of the Contracts of Differences 
will 

• All developments trying to restore the confidence in the carbon price signal of the EU ETS are 
important and positive, but policy makers must recognise that it will take a long time to re-establish 
the EU ETS’ credibility, because in both Phase 1 and 2 the prices started high but later dropped 
significantly. Discrete price management mechanisms could provide some stability and certainty, but 
there is no confidence yet that the stability will be sustained.  

• The truth is that the wider investment community does not really understand the whole EU decision 
making process. The communication towards to investment community on the changes in the carbon 
market needs to improve. People need to learn how to understand the whole decision making process 
and what it means for the carbon price. 

• There is a tension that from an economic optimal view it may limit market risks for the carbon price 
when decisions are made in the EU, but since on an EU level policy is influenced by so many 
stakeholders, the political risk is perceived as larger 

• Some domestic policies do strengthen the carbon price certainty and level, but investors see risks for 
investment in the patchwork of national schemes, because they are out of sync with each other. 
Investors prefer an EU-wide long-term solution instead, but do not see that happening anytime soon 
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Interviewed stakeholders and experts 

Ravi Baga, Head of Upstream Policy & Regulation EDF Energy 

Background 

The discussion was focussed on investment decisions for power generation. The power sector does not 
compete on a global market and is dependent on the available power interconnections, so their interests are 
different from industry stakeholders. The discussion was mostly focussed on low carbon investments for new 
generation, while GHG abatement investments are touched upon. 

Key messages 

• Carbon price uncertainty has a huge impact on investment decisions. Apart from whether the system 
is over or under allocated, the key aspect is a sustained, durable and credible price. Six ill price 
variations over the course of the EU ETS does not help, because if the fluctuations are this large in 
the future as well, taking the average price for investment decisions would be very uncertain. Volatile 
carbon price is also not desired is the cash flow. Companies would want to have some stability in their 
cash flow, so they can also predict these. Short periods of fluctuations can have an impact on cash 
flow and thus available capital for investments. 

• The carbon market is viewed as a political construct; it is different from other markets as in other 
markets there is a real demand for a tangible product, while the carbon market is there to reduce 
emissions by inducing low carbon investments. The need for political certainty is therefore more 
important in the carbon market than other markets. However, the targets that have been set so far 
have all been politically based and are not targets determined bottom-up.  

• At the moment any decisions on investments in renewable energy has not been based on the carbon 
price, but EDF does believe that is not the most sustainable way. EDF has a view of what the carbon 
price should be, but cannot predict what it will be due to the huge political uncertainty. So in making 
investment decisions no assumption is made on what the carbon price will be, because it can change 
on a day to day basis. Instead the carbon costs for different technologies are estimated with a range 
of what the carbon price should be to invest in those technolgoies. Some GHG abatement investments 
such as energy efficiency improvements in existing coal-fired power plants were made, but these 
were driven by energy savings. 

• Policies such as the UK carbon price floor are a significant help for low carbon investments to the 
extent. It provides a price signal on what the UK expects in low carbon investments in the long-term: 

o A direct price signal if the trajectory of the carbon price floor is set more clearly to 2020 and 
2030. This could serve as a benchmark to allow the cost comparison between carbon and low 
carbon technologies. Investment decisions are then made based on the comparison of the 
costs and return of each technology. Having the ability to see the long-term carbon price 
gives investors a degree of confidence.  

o Indirectly through the levy control framework in the UK, which is calculated based on the 
market price and forecast price. The budget up to 2021 to support low carbon investment 
has been fixed. So the higher the market price, the smaller the difference between the 
market price and forecast price, which means less budget is needed. This means that the 
carbon price floor induces the budget to be spread out over different generation sources, 
which will provide approximately 20% more low carbon generation than without a carbon 
price floor.  

• There are three major shortcomings EDF sees in the EU ETS: 
o There needs to be a clear trajectory for the future 
o The overlap between difference policies needs to be addressed and balanced, the ETS needs 

to be able to adjust to other policies such as renewable policies 
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o There is no supply adjustment mechanism and shocks cannot be absorbed, which is not 
sustainable in the long run 

EDF is thinking about a surplus-based supply adjustment mechanism where allowances are cancelled 
above a certain threshold of cumulative surplus in the system. The threshold could be 10 to 15% to 
allow the market to adjust to new prices, and at the same time prevent long-term price shocks. The 
supply adjustment mechanism must be purely mechanical, legally robust and no risk of political 
intervention. Only then it would provide more certainty and more predictability to the carbon price 
and can investors factor this in. Mechanisms such as linking the cap to GDP do not make sense if the 
desire is to delink economic growth from emissions, and price-based mechanisms will be politically 
sensitive. 
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Interviewed stakeholders and experts 

Dr. Richard Leese, Director Energy and Climate Change MPA 

Dr. Diana Casey, Technical Advisor Energy and Climate Change MPA 

Dr. Martyn Kenny, Sustainability Director Lafarge Tarmac 

Background 

The mineral products sector, in particular the cement sector, is a very energy-intensive and process emission-
intensive industry. The focus of the discussion was mostly on investments related to GHG abatement and 
energy efficiency related to combustion emissions and capacity extension investments, but the impact of 
carbon price uncertainty on process emissions and plant closures have also been touched upon. 

Key messages 

• Cement is among one of the most energy-intensive manufacturing operations. Cement is also highly 
CO2 intensive, making it exposed to the risk of carbon leakage. Energy and carbon-intensity is a 
constant feature in the manufacture of cement. 60% of the emissions are process emissions and 40% 
of the total emission is from the combustion of fuel. In 2001 the import of cement was 3%, and this 
has risen to 13% in 2012. It is a normal part of the investment process to consider energy costs and 
the CO2 implications in investment decision making. Carbon price scenarios are included in the 
investment/project appraisals. In an energy intensive industry, such as cement, any business that is 
not effectively managing energy efficiency would not be able to survive in the competitive market.  

• Cement companies look at all of the key impacts on the viability of the investment; different scenarios 
are run to determine the impact including energy and carbon price scenarios and the impact of carbon 
price uncertainty depends on the investment. A carbon price model is used to estimate the carbon 
price, but the cement industry representatives believed that policy uncertainty was one of the most 
important externalities in investment decision as opposed to the carbon price uncertainty. Typical 
cement industry modelling will include carbon price for investments in a 20 year timeframe, and 
modelling is based on currently available information and forecasts. Other producers in the ETS are 
competing on the same level in terms of carbon price uncertainty and industry can model market 
uncertainty to some degree. Commodity prices also have uncertainty, but this can be factored in. In a 
stable policy environment carbon prices would be treated in a similar way to energy prices. Various 
low, medium and high scenarios can be used to forecast and identify risks to investments using e.g. 
the carbon prices published by DECC as a starting point. However, the EU ETS policy has been subject 
to many changes in the past period, and within these 7 years of phase 3 of the EU ETS there could be 
a significant shift in policy, which lead to uncertainty for the carbon price as a whole. Other risks in 
investment decisions such as environmental approval, capital and labour costs are relatively 
predictable and can be forecasted compared to energy and carbon prices that are much more difficult 
to forecast. 

• A cement plant is a very large investment of £250-300 million with an estimated payback time of 30 
years and a 40 year investment horizon. Policy uncertainty is illustrated by the lack of clear targets 
beyond 2020, although the -80% 2050 ambition provides direction of travel. Policy makers think that 
they have provided certainty for the future with 2020 targets, but for the cement industry 2020 is 
tomorrow, it is not really far away. Industry representatives indicated that increased certainty for 
investments can be delivered with increased policy certainty. Within the certain policy framework the 
carbon price should be less volatile, more predictable and the framework allows the market to 
determine the carbon price. Industry representatives were against intervention and suggested that 
price intervention is particularly undesirable. 

• Most UK cement operators are owned by international businesses that are competing for capital on 
the basis of which projects in which countries will give the best return and whether it is better to 
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invest somewhere else. When determining how to assign its capital budget, companies will take 
projects and compare them against each other. Typically, each part of the business will put forward 
proposals and it is a straight competition based on the return of investment and strategic objectives, 
with carbon pricing being an element together with a lot of factors. In a significant project there are a 
number of departments involved in the investment decision process, including engineering, 
manufacturing, finance, IT, sustainability, safety, the Board etc. Companies have in place standard 
processes to be followed for capital investment, and the investment needs to be 'signed off' by 
defined individuals in the business depending on the size of the investment. The project proposal 
includes investment detail and identified risks. Uncertainties such as carbon price uncertainty do not 
necessarily hold back investments; it is how the investment compares relative to other investment 
opportunities and the company hurdle rates, taking account of risk which counts. These decisions are 
not only dependent on the company structure, but on the market structure as well. Even with high 
carbon prices this will not change. 

• Carbon price uncertainty due to the market is not seen as a sole inhibitor to investment, because 
even with a volatile carbon price the market is behaving as it should be and the cap is delivering the 
emission reductions as it is supposed to. Volatility comes from the market and is not a function of the 
cap itself. The cap is there to deliver the environmental objective; the price is set at the lowest cost to 
achieve that objective. It should not be set externally at some price that can be manipulated by price 
mechanisms or interventions because selecting a specific price by policy makers is effectively the 
policy makers betting on a particular technology to deliver the saving. Fundamentally industry wants 
policy certainty, so even if there is a mechanism to control the price that is clearly set in advance, it 
would still not be the market delivering the carbon price. Cap-setting is therefore just one element to 
address carbon price uncertainty. The challenge is that every design element in a trading scheme 
should be considered together. Whether industry will support any of the options will depend on the 
design details.  
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Interviewed stakeholders and experts 

Andy Mayer, Head of Public Affairs BASF UK and Ireland 

Background 

The discussion was focussed on investment decisions for both capacity and GHG abatement investments. BASF 
is a chemical company operating in a global market, producing products for in many parts of the supply chain 
in different sectors. 

Key messages 

• For investment decisions the key source is energy, mainly gas and electricity prices. The policy impact 
on gas is small, but the policy impact on electricity prices does have a significant impact on 
investment decisions. Investment decisions are not taken based on a regional tax such as the EU ETS 
and in the UK the EU ETS price is only a small determinant in the investment decisions. The 
presumption at the moment is that it will remain at a low level and will not be inflated as that will 
damage economic development.  

• Investment decisions are made based on the market of operation, not regions. Since BASF operates 
in a global market, decisions are looking at the global picture. Therefore the relative high energy price 
certainty between the UK, EU and rest of the world is one of the most important factors in investment 
decisions. The absolute level of the energy prices does not matter that much, it is the relative energy 
prices that are important as these cannot be passed on to the customer. 

• In the UK most investments are made to improve the capacity operations, and investments in energy 
efficiency are a part of that. The investment plan is a structured approach, but the approach varies by 
decisions as small decisions are made locally on site and large investment decisions are made by the 
global decision unit. Energy efficiency investment decisions are usually taken on a site level, but this 
depends on the site; the economics of the different sites is very different as some sites. In making 
investment decisions the whole portfolio of operations is looked at. Within the company the business 
units will put forward proposals, which are competing with other proposals and it will be highly 
competitive for investments. 

• The current carbon pricing system is complex and a simple system is preferred. In the UK the climate 
change levy and the climate change agreement are good, and the system should be simplified instead 
of having many different policies and compensation measures. There are many overlapping measures 
and these should be reviewed in order for some to be knocked-off to simplify the system. 

• The way the carbon pricing policy has been set up does not have the interest of the industry in mind. 
The carbon pricing policy has already started, and only afterwards are compensation measures 
introduced, of which some have not even been approved yet. Even with compensation there will be an 
additional cost burden, as the costs will still be felt throughout the whole supply chain. Carbon pricing 
policy should therefore not be unilateral, or else that will keep investments out. Not only will capacity 
not grow and no new plants will be built, plants also start to downsize followed by closure of the 
plant. 
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Annex III: Detailed Modelling specifications 

1. Drivers 

The OEA stochastic carbon price model determines the carbon price uncertainty based on several key 

drivers: 

• Baseline emissions 

• Costs of abatement options 

• Cap-setting options 

 

The baseline emissions and cost of abatement measures are dependent on stochastic variables to 

model the uncertainty in future emissions and abatement costs. These stochastic variables are 

independent of the chosen cap-setting option.  

 

Baseline emissions 

The baseline emissions determine the total amount of abatement required under different cap-setting 

options. The central baseline scenario is taken from the POLES scenarios that were used as inputs to 

the DECC short-term carbon pricing model published in September 2013 (DECC, 2013c). The industry 

sector baseline emissions are taken from the POLES business-as-usual scenario, whereas the power 

sector baseline emissions are derived from estimates of the amount of capacity of different types of 

generation in the system, which are varied stochastically to reflect policy uncertainties. Due to data 

limitations and heterogeneity of the industry sector the industry emissions are not varied 

stochastically.  

 

For the power sector emissions a retirement profile for existing plant is generated using simple 

assumptions about a spread of plant age categories. New plant capacities are then calculated as the 

difference between the POLES scenario capacities and the assumed level of existing plant. The mix of 

plant capacities and therefore the emissions are dependent on two stochastic variables: 

• The low-carbon generation (renewables and nuclear) capacity in the baseline affects 

the baseline emissions. Uncertainty over the delivery of renewables and nuclear in the 

baseline is represented by scaling the baseline capacities of these technologies according to 

the range given in the two baseline EU 2050 pathways scenarios the ‘reference’ and ‘current 

policies’ scenarios, (European Commission, 2011). The differences between the two scenarios 

give different levels of uncertainty for different technologies. The stochastic baseline picks a 

value within this range for each uncertain technology. The total generation capacity of the 

system is then rebalanced with Combined Cycle Gas Turbine (CCGT), resulting in the average 

emissions intensity of the available electricity generation capacity. 

• The electricity demand is used as a proxy for the uncertainty in economic development. 

The baseline emissions are calculated through the total system capacity required, which 

scales the total size of the generation fleet according to a stochastic demand shock. This can 



 

MARUK14255 │ TRN 666/08/2013 123 

arise once with 10% probability in any of the projection years. The probability of the shock 

not occurring at all up to year 30 is about 50% (i.e. 90%^6). 

 

Abatement options 

The basis of the model is a stochastic marginal abatement cost (MAC) curve, which represents a 

range of possible costs for greenhouse gas (GHG) abatement options. By ranking the abatement 

costs according to their costs, a curve can be used to determine what the cost of abatement for a 

certain amount of GHG emissions to abate. This cost of abatement is the modelled carbon price. A 

snapshot of the MAC used in the model is shown in Figure 18. Each block represents an abatement 

option. 

 

 
Figure 18 Snapshot of the marginal abatement cost curve for a given year used to determine the modelled carbon 

price for a certain amount of emissions to abate 

 

As one of the main drivers of carbon price uncertainty, the MAC curve stochastically changes over 

time in the model. The methodology for calculating the carbon price also includes an assessment of 

the optimal electricity system generation mix, which is determined based on the electricity costs 

associated with the abatement options in the MAC curve. This does not only allow for a self-

consistent assessment of the impact of uncertainty in the drivers on carbon prices, but also on 

electricity prices. The modelled electricity price uncertainties allow a more complete analysis of the 

investment risks faced not only in the electricity sector itself, but also the impact of uncertainty in 

electricity prices for end-users. This gives a more holistic view of the impact of uncertainty on 

investment conditions than would be the case for a stand-alone carbon price model based on MACCs. 

The model has been peer reviewed in previous work for the Electric Power Research Institute carried 

out in 2012 (Blyth et al., 2013). 

 

The availability of abatement options in the power sector is calculated based on the EU 2050 

pathways scenarios. Since MACCs measure maximum volumes rather than scenario volumes, each 

technology was referenced to the highest level reached in EU 2050 pathways scenarios in 2050, 
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assuming that these volumes for the purposes of the MACC are technically available in 2040 to 

represent the maximum build rate of the technologies. Intermediate years up to 2040 are then scaled 

linearly. The highest capacity in each scenario has been used to as the maximum build rate in 2040: 

• The high renewables scenario in 2050 for all renewables technologies 

• The current policies scenario in 2050 for the nuclear generation capacity 

• The low nuclear scenario in 2050 for the carbon capture and storage (CCS) volumes 

 

The abatement options to determine the carbon price are dependent on two stochastic variables: 

• Technology costs for low-carbon generation are taken from DECC electricity generation 

cost report 2013 (DECC, 2013a). High and low ranges for capital costs are provided in the 

report and these are taken to be limits of a triangular distribution in the stochastic model. 

Abatement costs for the industry sector and modelled as a single aggregated MACC based on 

an equation fitted to the MACCs for industry in the 2013 POLES model.  

• Fuel prices are constructed from a combination of sources. Current prices are taken from 

the EU quarterly report (European Commission, 2013b). Central fuel price trend is taken from 

the POLES baseline scenario in order to be consistent with baseline emissions. The high / low 

ranges are calibrated to the EU 2050 pathways high and low fuel price scenarios, making the 

assumption that this published range represents 2 standard deviations. Other assumptions 

include a correlation factor of 75% for gas and coal price variability. Biomass prices are taken 

from a Committee on Climate Change report on bioenergy (TheCCC, 2011). Nuclear fuel costs 

taken from DECC 2050 calculator (DECC, 2013d), and assumed to follow coal stochastic 

process as the competitor fuel. 

 
 

2. Sensitivity analysis of key drivers 

Figure 19 shows the range of carbon prices when each of these sources of uncertainty is introduced 

individually in the model, with all other variables held at their mean values. Year 5 is excluded 

because the expected price of carbon is so low that any variation looks excessive in % terms. 

These uncertainties are not independent of each other in the model because of the asymmetry 

introduced by the fact that carbon prices cannot go negative. Risk factors will only have an impact 

when abatement is required and carbon prices are above zero. These conditions are largely driven in 

early years of the model by demand variation, so when this is switched off, the other risk factors 

become rather insignificant. These price ranges do not therefore add up to the same values as the 

aggregate uncertainties shown in Figure 5. 
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Figure 19  Carbon price % standard deviation: impact of individual uncertainty drivers  

 

Figure 19 shows that in the early periods when the cap is quite close to baseline emissions, the 

degree of uncertainty over demand and low carbon support are significant drivers of uncertainty. This 

makes sense because variations in these factors will be what determines the gap between baseline 

and cap, and can therefore drive the degree of abatement required to be non-zero. 

 

In later periods, and in more stringent cap scenarios, the gap between baseline and cap becomes 

more well-established, and these drivers become relatively less important, with fuel prices becoming 

a more dominant driver of uncertainty in most scenarios in later years. Technology cost uncertainty 

remains relatively low throughout, although it should be noted that these risks may be 

underestimated in the model. The kinds of radical changes for example seen in solar panel costs over 

recent years are rarely predicted in the kinds of engineering assessment of technology cost that were 

used to calibrate the model. These probably therefore represent a lower bound on the potential 

impact of technology risk on carbon prices. 

 

The stochastic cap scenario has an additional risk factor, i.e. variation in the cap itself, which is a 

dominant source of risk beyond Year 15 when the cap trajectory is allowed to vary. The next section 

investigates options for addressing this risk factor. 
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These same drivers play out rather differently when it comes to their impact on uncertainty in the 

electricity price, shown in Figure 20. Fuel price uncertainty represents a dominant risk factor in all 

scenarios, with electricity demand also being significant. Only in the stochastic cap case are policy 

risks a significant factor, and even then they are broadly comparable with fuel price risks.  

The percentage standard deviation becomes larger in the Year 30 in the tight cap scenario and the 

stochastic cap scenario, reflecting the fact that the system short-run marginal cost (SRMC) used as a 

proxy for electricity price in the model becomes rather unstable when there is a very high proportion 

of low-SRMC plant (e.g. renewables and nuclear) on the system. In these situations, SRMC can drop 

to the very low values associated with these types of plant. These scenarios also have significant 

contribution from biomass and carbon capture and storage technologies. The chart shows that 

technology cost risk then becomes a much more significant driver of electricity price risk in these 

circumstances. Under the stochastic cap scenario, long-term risk drivers for Year 30 are therefore 

broadly balanced between technology cost, fuel price, demand and uncertainty over the cap. 

 

 
Figure 20  Electricity price % standard deviation: impact of individual uncertainty drivers 

 

 
3. Detailed scenario description 

Scenarios Adjustment type Triggers Key characteristics 
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Scenarios Adjustment type Triggers Key characteristics 

1. Fixed cap No adjustment 
No 

review 

• Cap reduces by a fixed trajectory in the 

loose cap (1.74%), medium cap (2.2%) 

and tight cap (3.5%) scenario 

• No changes to the cap except for the 

scenario-independent stochastic 

variables 

2. Cap 

reflecting 

post-2020 

policy 

uncertainty  

Trajectory altering 

Fixed 

review 

process 

• Cap varies stochastically between the 

loose scenario cap (1.74%) and tight 

scenario cap (3.5%) from 2020 onwards 

• Represents the uncertainty in EU 

environmental target post-2020 

3. Cap with a 

trajectory 

gateway 

Trajectory altering 

Fixed 

review 

process 

• Cap varies stochastically between a 

tighter range of cap trajectories 

compared to scenario 2 from 2020 

onwards 

• The trajectory gateway provides an 

indication of the upper and lower bound 

the cap will be in 

4. Cap linked 

to gas 

prices 

Trajectory altering / 

Market volume 

(permanent)* 

External 

factors 

• Cap is inversely proportional to the gas 

price 

5. Cap 

controlled 

by a 

strategic 

fund 

Market volume 

(temporary) 

Surplus 

for floor 

Price for 

ceiling 

• The strategic fund holds back 

allowances up to a certain limit under a 

surplus trigger, which is a certain % of 

the cap 

• The strategic fund injects allowances 

under a price trigger equal to the carbon 

price ceiling 

• The amount of allowances held back in 

one period are carried over to the next 

period 

• The fund can only inject the amount of 

allowances it held back in the previous 

period 

• Beyond the limits of the fund, this 

scenario acts like scenario 1 
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Scenarios Adjustment type Triggers Key characteristics 

6. EU price 

floor for all 

sectors, 

temporary 

adjustment 

Market volume 

(temporary) 

Carbon 

price 

• Minimum price is limited according a 

percentage of long-term expected value 

of the carbon price discounted back to 

each year 

• Current surplus of allowances remain in 

the market and is banked by the 

participants for future periods, unlimited 

banking 

• Allowances banked by the participants 

act as an additional source of supply in 

the consecutive period 

•  

7. EU price 

floor and 

ceiling for 

all sectors, 

temporary 

adjustment 

Market volume 

(temporary) 

Carbon 

price 

• Same minimum price as scenario 6 

• Maximum price is limited according a 

percentage of long-term expected value 

of the carbon price discounted back to 

each year 

• Current surplus of allowances remain 

the market, unlimited banking 

• Allowances banked by the participants 

act as an additional source of supply in 

the consecutive period 

• Shortage of allowances can be obtained 

from future periods, unlimited borrowing 

• Allowances borrowed by the participants 

act as an additional source of demand in 

the consecutive period 

8. EU price 

floor and 

ceiling, 

permanent 

adjustment 

Market volume 

(permanent) 

Carbon 

price 

• Floor price level same as scenario 6 

• Permanent cancellation of surplus 

allowances 

• Unlimited injection of allowances in case 

of shortage 
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Scenarios Adjustment type Triggers Key characteristics 

9. Cap 

dependent 

on economic 

activity 

Trajectory altering / 

Market volume 

(permanent)*  

External 

factors 

• Economic activity is approximated by 

electricity demand in the model 

• Demand shock set to zero while other 

drivers of uncertainty are maintained 

(see Annex III.1 for all drivers of 

uncertainty)  

• Uncertainty due to change in economic 

activity is removed by removing the 

demand shock, i.e. assuming no 

uncertainty in demand 

* Flexible cap-setting approaches based on external factors such as fuel prices and economic activity can be 

classified into both types of cap-setting approaches depending on the way these flexible cap-setting options are 

implemented. If external factors under a market volume adjust approach trigger a permanent 

cancellation/injection of allowances relative to the change of the external factors, it will effectively be the same as 

altering the trajectory.   
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